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Abstract—The aim of this paper is to review the Building 
Research Establishment Environmental Assessment Method 
(BREEAM) in terms of how adequately it addresses 
sustainability. To achieve the aim, a literature review and 
semi-structured interviews with BREEAM assessors were 
conducted. Relevant literature has been reviewed to establish 
the meaning behind the concept of sustainability and to 
compare BREEAM with other environmental assessments in 
the built environment. An in-depth review of BREEAM and 
sustainability was then carried out through a series of semi 
structured interviews with seven experts in the field. It is 
concluded that BREEAM is an efficient tool in establishing the 
environmental performance of buildings through design and 
procurement. However it does not address the concept of 
sustainability in its entirety choosing to focus more on the 
environmental aspects. Some inconsistencies in its methods 
were also observed.  

Keywords: BREEAM; CASBEE; Green Star; LEED; 
sustainability. 

1. Introduction  
 

Construction in the UK is a significant industry with 
productivity worth over £100bn a year which accounts for 8% 
of GDP and provides employment for around 3 million 
workers [1]. The output of the construction industry has a 
major impact on ability to maintain a sustainable economy 
overall and has a major impact to on the environment [2]. [3] 
reported that construction business in the UK is responsible for 
nearly a third of all industry-related pollution incidents, with 
construction and demolition waste alone representing 19% of 
total UK waste. Many buildings are environmentally 
inefficient and do not make best use of limited resources such 
as energy and water. The energy used in constructing, 
occupying and operating buildings represents approximately 
50% of greenhouse gas emissions in the UK [3]. [4] described 
how carbon emissions have pushed global temperatures up by 
half a degree Celsius and if no action is taken then figures will 
only rise. As a result of the Stern Review [4], the Government 
introduced the Climate Change Bill with the aim of reducing 
CO2 emissions by 60% by 2050. The UK is committed to 
achieving the vision of becoming a world leader in sustainable 
construction by reducing its carbon footprint and its 

consumption of natural resources, while creating a safer and 
stronger industry by training and retraining a skilled and 
committed workforce [2].  

By 2016 the proportion of developed land in the UK is 
expected to rise from 10% to 12% which is higher than most 
other countries in the world. In this context sustainability of 
the built environment is critical to the nation and much can and 
should be done to encourage higher environmental standards 
[5]. It is due to this that building performance is now a major 
concern of professionals in the building industry and 
environmental building performance has emerged as one of the 
major issues in sustainable construction. The UK has set 
sustainability indicators that act as a guide to the direction of 
future Government policy. As a result a vast and expanding 
variety of tools and techniques to promote and appraise 
sustainable construction have emerged. The Building Research 
Establishment Environment Assessment Method (BREEAM) 
is one of the world's leading and most widely used 
environmental assessment method for buildings. BREEAM 
sets the standard for best practice in sustainable design and 
claims to have become the de facto measure used to describe a 
building's environmental performance. BREEAM is an ever 
evolving assessment tool that seeks to quantify sustainability in 
order to measure it, but how accurately does it truly measure 
sustainability? With the certification, advice and assessment 
fees alone costing a developer circa £10,000 (not including the 
cost of design elements), it is imperative that the method is 
investigated in order to justify such expense.  

Little research has been carried out specifically on 
BREEAM and how proficient it is at addressing sustainability. 
The research presented in this paper analyses BREEAM and 
ascertains whether it is an accurate method of assessing 
building performance in terms of environmental impact and 
overall sustainability. The paper reviews the definitions of 
sustainability and other environmental performance assessment 
techniques and compares BREEAM against them. The paper 
then explores whether BREEAM successfully assesses and 
measures sustainability as defined. 

2. Sustainability and Environmental 
Assessment Methods  

A. Sustainability 
Within the construction industry terms such as 

sustainability, sustainable development and sustainable 
construction are used interchangeably. These terms focus on 
the ecological, social and economic issues of a building in the 
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context of its community. Literature on sustainability bemoans 
the fact that the concept is broad and lacks a broad consensus; 
this is usually followed by the authors own preferred 
definitions, which in turn add to the lack on consensus [6]. The 
concept of sustainability has been used by the environmental 
movement since the 1970s. According to the Brundtland report, 
sustainable development is a development which meets “the 
needs of the present without compromising the ability of future 
generations to meet their own needs”. The UN Division for 
Sustainable Development has adopted this definition. The 
Charted Institute of Building Services Engineers (CIBSE) [7] 
somewhat agrees with this definition however they also 
include terms such as “satisfy their basic needs” and “enjoy a 
better quality of life”.  

According to [8], the term ‘sustainability’ originally 
belongs to ecology and it referred to the potential of an 
ecosystem to subsist over time. By adding the notion of 
development to the notion of sustainability, the focus of 
analysis shifts from that of ecology to that of society. The chief 
focus of sustainable development is on society, and it aims to 
include environmental considerations in the steering of societal 
change at the interface between the social, the economic, and 
the ecological aspects. 

The UK Government’s consultation paper Building a better 
quality of life emulates that of [8] on sustainable development. 
The UK Government states that sustainable development “is 
about ensuring a better quality of life for everyone, now and 
for generations to come”. It includes 4 main aims, namely [9]: 
social progress which recognises everyone’s needs, effective 
protection of the environment, prudent use of natural resources, 
and maintenance of high and stable levels of economic growth 
and employment.  

B. Environmental Assessment Methods  
Environmental assessment methods seek to quantify 

sustainability by way of subjective scoring against a set of 
criteria. During the last decade, the building sector has 
witnessed the development of two types of environmental 
assessment tools, namely; the tools purely based on criteria 
scoring and the those tools based on life cycle assessment 
(LCA). The focus of this research is on building environmental 
assessments tools which are based on criteria scoring. The 
major principles of sustainable buildings are to reduce resource 
consumption, reuse resources, use recycled resources, protect 
nature, eliminate toxicity, apply life cycle costing, and focus 
on quality [10]. With these principles in mind, most green 
building criteria scoring systems deal with site selection, 
efficient use of energy and water resources during operation, 
indoor environmental quality, passive heating, cooling and 
ventilation, and the selection of environmentally preferable 
materials [11]. Various rating systems are available e.g. 
BREEAM and CASBEE (Comprehensive Assessment System 
for Building Environmental Efficiency). Some of these 
systems were created by modifying a single system, or 
integrating multiple systems [12]. Among the most established 
environmental assessment methods other than the UK’s 
BREEAM are LEED, CASBEE and Green Star. LEED (the 
Leadership in Energy and Environmental Design) is a method 
that was developed in 1998 in the USA with a world wide 
application. CASBEE is a method that was developed in Japan 
in 2004 while Green Star is an Australian assessment method 
that was launched in 2003 [13]. The methods are briefly 
explained below. 

BREEAM: The BRE (Building Environmental Efficiency) 
launched the first version of BREEAM in the UK in 1990; it 
has since then been launched internationally [14]. BREEAM 

identified that there is a large difference between the 
environmental impacts of a poorly performing building 
compared to what is achievable using current best practice. 
BREEAM aims at raising standards of the buildings [14]. Until 
the release of BREEAM, there had been little attempt, if any, 
to establish an objective and comprehensive means of 
simultaneously assessing a broad range of environmental 
considerations against explicitly declared criteria offering a 
summary of overall performance. The field of building 
environmental assessment has matured remarkably quickly 
since the introduction of BREEAM and the past 13 years have 
witnessed a rapid increase in the number of building 
environmental assessment methods in worldwide use [15]. 
BREEAM awards an environmental label after assessing 
buildings against a range of environmental issues covering 
impacts on the environment at global, local and indoor levels. 
For each category, there are a number of ‘credits’ available. 
Where buildings have attained or exceeded various 
benchmarks of performance, an appropriate number of credits 
are awarded. The relative importance of the credits awarded 
under each category is taken into account in the final score, 
which is interpreted in the form of an overall rating of pass, 
good, very good, excellent and outstanding (introduced in 
August 2008 revision). The scores are based on the following 
criteria [14]: Management, Health & Wellbeing, Energy, 
Transport, Water, Materials, Waste, Land Use and Ecology, 
and Pollution.  All BREEAM products are regularly updated to 
take advantage of new research and technology to reflect 
changing priorities in regulations and to ensure that BREEAM 
continues to represent current best practice. The popularity of 
BREEAM is increasing worldwide and is set to further 
increase in the UK as more and more funding bodies are 
making BREEAM certification a prerequisite. The key drivers 
for using BREEAM are to demonstrate the sustainability 
credentials to planning authorities, investors and customers, 
reduce energy and other running costs, improve staff 
productivity, make buildings more lettable and potentially 
realise higher rental incomes, make buildings more attractive 
to potential customers or tenants, pre-empt legislation, set 
targets for improvement and to improve the image and ethical 
investment policies. The time an assessment takes to complete 
varies according to the agreement between client and assessor, 
and the fee can vary between £2,000 and £10,000 ($3971-
$19857). There is also a QA / certification fee which is paid 
through the assessor, to BRE. This fee varies, between £740 
and £1500 ($1469-$2979), according to the size of the building 
being assessed. 

LEED:LEED is an environmental assessment method that 
has been developed by the United States Green Building 
Council (USGBC) in 1998 with the aim of developing high-
performance, sustainable buildings and was largely inspired by 
and based upon the UK’s leading model BREEAM. The 
USGBC is a non profit organisation committed to expanding 
sustainable building practices and its mission is to transform 
the way buildings and communities are designed, built and 
operated, enabling an environmentally and socially responsible, 
healthy & prosperous environment that improves quality of life 
[16]. LEED contains the following major categories: 
sustainable sites; water efficiency; energy and atmosphere; 
materials and resources; indoor environmental quality; and 
innovation and design process. Since the initial launch LEED 
has been used to certify 1823 buildings in the US, under the 4 
different ratings available – Certified (26-32 points), Silver 
(33-38 points), Gold (38-51 points) and Platinum (52-69 
points). There are no weightings included in LEED, instead 
credits are worth one point and where there are multiple 
performance levels each level is worth one point. As there are 
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no weightings the value of each issue is purely dependant on 
the number of points available. The lack of category 
weightings combined with the checklist approach that LEED 
uses to evaluate the impact of the materials mostly increases 
the weighting of the materials section in LEED compared to 
the other methods in this study. In LEED the section is worth 
nearly 1/5th of the final score whereas in both BREEAM and 
Green Star the materials section is worth just 1/10th of the 
final score which more closely reflects the relationship 
between the embodied and operational energy of a building. 
LEED is starting to appear as a method of choice within the 
UK construction industry. As global corporations compare 
assessment tools and look to qualify their worldwide building 
stock under one green rating, LEED is becoming more popular 
and favourable. Unlike BREEAM, which requires external 
assessment, LEED encourages consultants to have their staff 
trained as LEED-accredited professionals, who present a 
LEED-assessed design to be independently certified. This 
method has encouraged US firms to become more 
environmentally aware and influenced the speed of the green 
agenda by architects, engineers and other consultants. There 
are currently an estimated 25,000 accredited professionals in 
the US [17].

CASBEE: CASBEE is a relatively new system developed 
for the Japanese market. The family of assessment tools is 
based on the building’s life cycle: pre-design, new construction, 
existing buildings, and renovation. CASBEE presents a new 
concept for assessment that distinguishes environmental load 
from quality of building performance. CASBEE results are 
presented as a measure of eco-efficiency or Building 
Environmental Efficiency (BEE). Results are plotted on a 
graph, with environmental load on one axis and quality on the 
other – the best buildings will fall in the section representing 
lowest environmental load and highest quality. Each criterion 
is scored from level 1 to level 5. The CASBEE technical 
manual [18] presents detailed definitions of each level for each 
criterion and includes reference material and calculation tools 
where needed. CASBEE major categories of criteria include: 
building environmental quality and performance; and building 
environmental loadings. In the manual, downloaded from the 
CASBEE website, there is little information on how the credits 
are actually assessed, other than the performance levels 
required.  

Green Star: The Green Building Council Australia 
(GBCA)[19]’s objective is to promote sustainable development 
and the transition of the property industry by promoting green 
building programmes, technologies, design practices and 
operations. After an industry survey conducted by the GBCA, 
Green Star was developed to be a comprehensive, national, 
voluntary environmental rating scheme that evaluates the 
environmental design and achievements of buildings in order 
to: establish a common language; set a standard of 
measurement for green buildings; promote integrated, whole-
building design; recognise environmental leadership; identify 
building life-cycle impacts; and raise awareness of green 
building benefits. Green Star has built on existing systems and 
tools from overseas markets including the British BREEAM 
system and the North American LEED system. In addition, 
VicUrban, in its work with the Melbourne Docklands' ESD 
Guide, provided the intellectual property to assist in the 
development of a local system. Green Star has established 
individual environmental measurement criteria with particular 
relevance to the Australian marketplace and environmental 
context. Green Star covers a number of categories that assess 
the environmental impact that is a direct consequence of a 
projects site selection, design, construction and maintenance. 

The nine categories included within all Green Star rating tools 
are: management; indoor environment quality; energy; 
transport; water; materials; land use and ecology; emissions; 
and innovation. These categories are divided into credits, each 
of which addresses an initiative that improves or has the 
potential to improve environmental performance. Points are 
awarded in each credit for actions that demonstrate that the 
project has met the overall objectives of Green Star. Once all 
claimed credits in each category are assessed, a percentage 
score is calculated and Green Star environmental weighting 
factors are then applied. Green Star environmental weighting 
factors vary across states and territories to reflect diverse 
environmental concerns across Australia. The Green Star 
Certified Ratings available are: 4 Star Green Star Certified 
Rating (score 45-59) signifies 'Best Practice'; 5 Star Green Star 
Certified Rating (score 60-74) signifies 'Australian Excellence'; 
and 6 Star Green Star Certified Rating (score 75-100) signifies 
'World Leadership'. Although Green Star certification requires 
a formal process, Green Star tools can be freely downloaded 
and used as guides to track and improve project environmental 
performance. As with LEED, 2 points are awarded where a 
member of the design team has received Green Star training 
and has achieved Accredited Professional status. Although an 
assessment can be carried out by any member of a project team, 
no score can be publicised unless the Green Star assessment is 
certified. In order to certify an assessment the GBCA 
commission a third party assessment panel to validate the self 
assessment rating and recommend, or oppose, a Green Star 
certified rating. Certification will only be awarded if a project 
achieves a score of at least 45 (Four Stars). The mechanisms 
used to calculate a whole building rating are identical to those 
employed by BREEAM in the UK.  

3. Research Methodology  
The aim of the research was to analyse BREEAM and 

ascertain whether it is an accurate method of assessing 
building performance in terms of environmental impact and 
overall sustainability. An extensive literature review has been 
conducted to ascertain the meaning of sustainability within the 
construction industry and to determine how sustainability can 
be measured. Furthermore, the most commonly used 
worldwide environmental assessment schemes were compared 
against the local UK benchmark BREEAM in order to 
ascertain where the BREEAM approach sits within the 
industry. In order to determine whether BREEAM successfully 
considers and measures sustainability as per the established 
definition, the primary data collection method used was in-
depth, semi structured interviews. Questions were sent out to 
interviewees in advance. The questions were provisional and 
the overall aim of the interview was to gain as much 
knowledge from the expert as possible. Over 20 BREEAM 
assessors and industry professionals were contacted via email 
and telephone to take part in the research investigation. Only 7 
of them agreed to be interviewed (Table 1). This amount was 
acceptable due to the fact that qualitative research stresses in-
depth investigation where the emphasis is on quality rather 
than quantity, the objective was not to maximise numbers but 
to become “saturated” with information on the topic (Padgett, 
1998). All 7 interviews were recorded using a Dictaphone and 
as a backup of this material notes were taken. The interviews 
were transcribed immediately to avoid the unnecessary loss of 
any data. The transcripts were then analysed based on an 
inductive approach geared to identifying patterns in the data by 
means of thematic codes. QSR NVivo was used to identify 
patterns and common themes in the interview data by 
assigning nodes to passages in order to interpret this in the 
form of meaningful findings. The identity of each interviewee 
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was coded to allow individual identification and ease of 
presentation. The company names are not provided due to 
anonymity. 

 

 

 
 
TABLE 1: INTERVIEWEES’ CHARACTERISTICS 

Identification 
Prefix

Occupation Experience in 
assessing 

BREEAM
(A) Energy and Sustainability 

Associate Director 
9 years 

(B) Principal BREEAM Consultant 10 years 
(C) MICE BREEAM & Eco Homes 

Licensed Assessor 
8 years 

(D) Sustainability Manager 1 year 
(E) Principal Consultant 3 years 
(F) Regional Design Manager 8 years 
(G) Regional Site Manager & 

Environmental Promoter 
3 years 

4. Results and Discussions  
(Q1) (A), (B), (C), and (F) had the most experience in 

BREEAM all with 8-10 years experience. (D), (E), (F), and (G) 
the experience ranged from 1 – 4 years. 

(Qs 2&3) (B) indicated that a small number attempt to 
achieve a BREEAM Excellent. All interviewees mentioned 
that the most popular rating aimed for is “very good” and that 
the rating which a developer sets out to achieve is usually 
achieved unless there are special circumstances. (A) 
emphasized that if a “very good” rating is set out to be 
achieved, then the companies tend to aim for a score between 
70 and 74% as they don’t want to invest any more money than 
what they have to. (G) stated that BREEAM is just seen as a 
means to an end in terms of achieving funding rather than 
developing sustainable buildings. 

(Qs 4&5) The results for questions 4&5 varied 
considerably. (B) and (C) reported that in their experience the 
majority of projects were from private developers whereas (A), 
(D) and (G) have been more involved in State led projects (i.e. 
schools, hospitals and defence projects). (A), (E), and (F) 
identified that due to the current economic climate the amount 
of private developers has decreased in the past years. 

(Q6) It was unanimous in the results that although some 
had used other environmental assessment methods from the 
UK such as NEAT (previous healthcare tool), none of them 
had used any other international tool. (A) and (D) were aware 
of LEED but had no working knowledge of the method. (D) 
commented that LEED is more accepted in international circles 
than BREEAM and that the BRE are working very hard to try 
and change that. (D) stated that BREEAM is prepared to be 
adopted for different circumstances whereas LEED is the same 
wherever you are in the world in terms of the weightings and 
categories.  

(Q7) Sustainability was referred to as a meaningless “buzz 
word” and that “sustainable development” was the preferred, 
more relevant, term. It was found that all 7 responded in the 
same way, speaking about the combination of factors; 
environmental (G) and (F); social (A) and (D) and economic 
(A) and (D). (E) and (F) referred to how we should not 
compromise future generations. (C) stated that environmental 
issues are just a small percentage of what sustainability is all 
about. (B) believed that sustainability is making the best 

building you can, with the least impact on the environment 
within the financial budget. 

(Q8) All of the interviewees believed BREEAM largely 
concentrated on just one aspect of sustainability which is the 
environmental impact of buildings. All interviewees believed 
that BREEAM did not pick up enough social and 
environmental aspects of sustainability. However it was 
important to note, as commented by (A), that BREEAM was 
initially produced to assess the environmental impact of 
buildings. However, (A) and (B) suggested that BREEAM 
needs to further develop to include more social and economic 
categories.  (C) stated that practicably “they have got it just 
about right”. However, (C) remarked that there are no 
monetary issues within BREEAM. (C) stated that: “For 
instance if you build something that is an excellent building 
but the cost of it is so high that you cannot let it or sell it then 
its unsustainable, that’s the worst case of un-sustainability to 
build something that is not fit for use and if its too expensive 
for use then its not fit for use, this is something that BREEAM 
does not cover”. (D) and (G) stated that in some cases 
BREEAM had become a box ticking exercise purely carried 
out to satisfy funding conditions. (A), (B), and (G) claimed 
that it is difficult when using BREEAM to adopt site specific 
issues with the credits due to the inflexibility of the structure. 
(G) also stated that when a credit requires the services of a 
specialist such as an ecologist or acoustician, there is 
sometimes conflict between the experts’ opinion and what the 
BRE requires. 

(Q9) Overall the opinion was that BREEAM is a tool that 
will develop over time. All interviewees believed that the 
correct step in that development was to bring in the post 
construction review and mandatory credits. The post 
construction assessment was seen as an insurance that 
developers and their contractors had carried out what they 
stated at the design stage of the project which is important 
when attempting to create more sustainable buildings. (A) and 
(B), two of the most experienced BREEAM assessors, thought 
that the Energy credit E1 which states to achieve a very good 
certification that a minimum of 6 credits needs to be achieved 
on that element is set very high. (A) commented that there are 
items in BRE which should have been mandatory to achieve 
certain levels. (A) questions whether the energy credit is set at 
the right level because the energy rating on a certificate varies 
depending on the building type. (A) stated that there is an 
argument that maybe 5 credits should be mandatory for energy 
1. 

(Q10) The data showed a mixture of responses to this 
question. It is clear that there is not one particular reason why 
BREEAM has been driven in a certain direction. (D) stated 
climate change and increased knowledge concerning climate 
change as one of the reasons why the August 2008 revision 
had become very much stricter on the Energy credits with the 
aim to reduce carbon emissions. It was felt by (A) and (D) that 
it was a natural progression for BREEAM as it seeks to deliver 
best practice; therefore BREEAM needs to adapt to stay ahead 
of the legislative minimum. (C) thought that the BRE needed 
to bring all their systems in line in a more standardised way 
and make them more robust. (C) in particular believes that a 
great deal of changes have been introduced due to assessor 
feedback. (C) argued that: “The BRE were having a lot of 
trouble controlling QA because every scheme is different. 
They have standardised the tool and the system. Credits change 
as industry changes because of changes in technology and in 
legislation. The reason that they brought the mandatory in was 
to bring it in line with the code (for sustainable homes).” The 
majority mentioned that they were looking for the mandatory 
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post construction review. (E) commented that the build-up of 
significant criticisms of the scheme, (e.g. no requirement for 
CO2 improvement for ‘Excellent’) and the introduction of new 
issues (e.g. EPCs, Site Waste Management) were the key 
drivers to update the 2006 version of the method. (A) stated 
that the intention of BREEAM is that anything that is current 
standard practice or a legislative minimum standard would not 
score a credit under BREEAM. (D) believed the two major 
drivers were climate change agenda and making the system 
more robust.  

(Q11) The interviewees spoke of the BREEAM in use and 
the post occupancy evaluation available from the BRE. All of 
the interviewees mentioned that BREEAM was designed to 
create sustainable buildings and is more concerned with the 
design and construction element. The Energy Performance 
Certification that was launched in August 2008 will go some 
way in measuring the energy efficiency of buildings against 
their potential however some of the industry experts feel that 
this step is too far ahead and is something that BREEAM was 
not meant to achieve. (D) commented that BRE so far do not 
monitor buildings. (D) thinks the next thing on the horizon 
from BRE will be the POE (the post occupancy evaluation) to 
have a robust system. (C) remarked that they are struggling to 
actually implement BREEAM in use, and that there are very 
few buildings that have gone for an assessment under that 
heading. (C) further stated that the majority of companies 
which would consider that are very large companies with 
massive building stock. 

(Q12) (C), (D), (E), and (G) are open to the fact that 
BREEAM certification can reduce the operational cost of a 
building however (A) and (B) believed that there is not enough 
evidence to support the concept. (F) claims that the BRE have 
promoted BREEAM as a cost neutral item and that industry 
reports and current experience do not come near to supporting 
this. (A) believed that it is very difficult to claim that 
BREEAM will reduce operational costs. (C) believed that there 
is significant evidence that sustainable buildings reduce the 
long term running costs. The interviewees suggested that 
instead of carrying out a full BREEAM, a non certified 
equivalent may be the most appropriate approach, e.g. carrying 
out sustainability brainstorming or using a sustainability 
checklist can give a developer 80% of the benefit by 
implementing the recommendations without 20% of the cost. 

(Q13) (B), (E), (F), and (G) were in the opinion that the 
BRE do not benchmark BREEAM against any other method. 
The BRE see themselves as the leading environmental 
assessment method in the UK. (A) stated that other 
environmental assessment methods benchmark themselves 
against BREEAM. (A) further stated that some international 
organisations in the UK prefer to use LEED; some might say 
that this is because LEED is a much more straightforward 
method than BREEAM and not as demanding. (D) commented 
that BRE see themselves as the ultimately benchmarkers. (C) 
believed that all the other options in the industry measuring 
sustainability are no where near as sophisticated as BREEAM. 
(C) stated that BREEAM is being rolled out internationally. (C) 
further stated that despite they used other tools, there is 
nothing that they have come across that is comparable to 
BREEAM. 

(Q14) All of the interviewees mentioned that in addition to 
energy related concerns BREEAM also considers many other 
environmental concerns. (A) stated that unless there is a 
change in policy at a governmental level Part L can not be 
incorporated in BREEAM. (D) emphasized that building laws 
may be toughening up on carbon emissions and construction 

quality however BREEAM always maintains its status ahead 
of the building regulations as a standard of best practice. (D) 
further stated that if building regulations become tougher then 
so will BREEAM. 

(Q15) The majority of interviewees [(A), (B), (D), (E), (F), 
and (G)] were of the opinion that the BRE do not do enough in 
terms of acquiring feedback etc. (E, G, A) thought that 
communication from the BRE is quite limited and impersonal. 
However, (C) has had a very different experience with the 
BRE, stating that the BRE are very good at listening and have 
introduced changes as a result of their feedback.  

(Q16) The main changes to BREEAM desired were aimed 
towards the procedure of the assessment itself and not 
necessarily to do with the categories that BREEAM include 
(technical issues). All interviewees believed that the BRE had 
got the assessment about right in terms of the content but had a 
problem with the ambiguity of the manuals used for 
assessment. All interviewees were in the opinion that the 
manuals are not user friendly and fraught with differences in 
interpretation. (A) commented that the BREEAM manual is 
written in a much clearer fashion avoiding the need for 
interpretation. (A) further recommended that experienced 
assessor should be available in the BRE to provide 
interpretation on certain credits. (A) thinks that BRE do a good 
job with regard to the technical detail of the credits. (A) stated 
that there has been some confusion in some of the credits, 
especially when the credits refer to employing an expert. For 
example a point may be obtained under a BREEAM 
classification but an expert may have a different opinion to the 
BRE so who is right in that instance? Cost was also perceived 
as an issue. (C) stated that the people asking for the 
certifications are not following it through with acquiring 
certification. (C) commented that it would make the system 
better to be a lot cheap for developers and would encourage 
more developers to get on board with the scheme. (C) 
mentioned that the BRE is very “London Orientated” and all 
training/steer groups etc involves individuals travelling down 
to London for every occasion. (C) stated that this is frustrating 
to assessors and does not seem very much in line with that they 
are aiming to achieve “sustainability”. (B) believes that as a 
scheme BREEAM is very good. However, (B) stated its 
shortcomings as follows: it can be generic on occasions and 
extremely frustrating; there is little inflexibility in their 
approach. (B) recommended that changes should be made on 
the ecology section as it is based purely on increasing the 
number of the types of plants focusing on the quantity of plants 
rather than quality. Accordingly, (D) stated that the manuals 
can sometimes create problems particularly around the ecology 
points because ecology is a notoriously complex area and it is 
difficult sometimes in the way BRE set things up and define 
things. (D) recommends that the BRE could do with a proper 
discussion/forum system for these items and that they need to 
embrace more modern technology and develop a BRE forum. 
(D) highlighted that the main factor that will improve 
sustainability is the Post Occupancy Evaluation which is a 
requirement to get a much more direct assessment of building 
sustainability. (E) desires a simpler target scheme using energy, 
water, ecology and culture and letting building regulations and 
planning cover the rest. (G) was not sure if the correct controls 
would be there if changes could be made to make the process 
cheaper and more attractive to implement. 

The main difference between the assessment methods is the 
process of certification. BREEAM has trained assessors who 
review the evidence against the credit criteria and report it to 
the BRE, who validate the assessment and issue the certificate. 
While LEED does not require training, there is a credit 
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available if an accredited professional. This is also the case in 
CASBEE. The role of the accredited professional is to help 
gather the evidence and advise the client. The evidence is then 
submitted to the USGBC which does the assessment and issues 
the certificate. Although LEED and Green Star have been 
heavily based on BREEAM, Green Star takes into account the 
diverse nature of its country of origin, Australia. The 
multiplicity in the UK is not as apparent as Australia but 
BREEAM does not take any location variances in account 
within its method. CASBEE has a very different approach 
altogether. Weightings are applied at the individual credit level. 
This addresses the problem that occurs when credits are 
deemed to be irrelevant to specific projects. More than half the 
credits in CASBEE do not have a BREEAM equivalent. It is 
therefore much more difficult to compare the rating bands of 
the two systems. Overall it is tougher to meet the highest rating 
in BREEAM than it is to meet the requirements of the 
alternative schemes when building in the UK. If a building is 
designed to meet the highest LEED or Green Star rating it is 
only likely to achieve a BREEAM rating of Very Good or 
Good which are the second and third highest ratings 
respectively. The two most popular schemes BREEAM and 
LEED share many common components. Both believe that 
early involvement of the assessor or accredited professional at 
the design stage is beneficial to the project and the final rating. 
Both schemes drive the market to improve building design. 
The judging criteria also keep pace with legislative 
developments and current best practice. There are differences 
in the way LEED calculates credits. The rating systems 
discussed all require varying levels of specialised sustainable 
design knowledge to be effectively used. 

Data obtained through interviews revealed that most of the 
experts interviewed believe that BREEAM is a very good tool 
for assessing the environmental performance of buildings and 
that it is the only method that should be used in the UK 
specifically. Many of the interviewees alleged that the BRE 
does not tackle the whole of what sustainability is all about and 
that there is a distinct lack of economic and social aspects 
within the method that are significant in the overall concept of 
sustainability and sustainable development. There are some 
aspects of social wellbeing evident when evaluating indoor 
environment quality and items such as transport and cycle 
facilities, however it was recognised that there is no economic 
consideration at all. There is no category for a developer to 
consider whether a building is economically sustainable and if 
it is needed at all. It is consistently reported that there is not 
enough housing in the UK, however many city centre 
developments such as apartments and office spaces stay empty 
for months or even years. This is an element that is definitely 
missing from the current BREEAM. It needs to start 
considering if a building is really needed and if so is it fit for 
use. There is nothing more un-sustainable than to build 
something that is not fit for use or is too expensive to build, let 
or maintain. 

Some of the interviewees stated that in some cases 
BREEAM had become a box ticking exercise purely carried 
out to satisfy funding conditions. The developer would then 
achieve the design and procurement certificate, issue this as 
evidence to the funding body, receive the funding and then 
never follow through with post construction certification. This 
is an error on the part of the funding bodies. The developer 
might not have carried out what was intended at the design 
stage and therefore the building may not be considered 
sustainable under full BREEAM certification. 

Throughout the interviews, it was stated that the manuals 
used to assess BREEAM are too generic and inconsistent. 

Some claimed that it is difficult when using BREEAM to adopt 
site specific issues with the credits due to the inflexibility of 
the structure. It was also stated that when a credit requires the 
services of a specialist such as an ecologist or acoustician, 
there is sometimes conflict between the experts’ opinion and 
what the BRE requires. As these inconsistencies cause 
frustration to the BREEAM advisor and the client, they should 
be addressed in any new revisions of BREEAM. 

The findings revealed ambiguity in the BREEAM process 
as the majority of the assessment criteria are down to the 
interpretation of how a sentence or paragraph has been read by 
the individual. The experts recommended that the BREEAM 
manuals should be written in a much clearer fashion and that 
assessors should be available within the BRE with the ability 
to use their interpretation with regards to certain credits where 
the assessment criteria is open to subjectivity. It was also 
mentioned that the BRE are tackling this issue and in the 2008 
revision sought to bring all the schemes in line in a 
standardised form. This sought to eliminate the subjectivity of 
BREEAM and variance across the BRE assessors. It had been 
suggested that the BRE were having difficulty controlling the 
Quality Assurance (QA) across a broad range of projects due 
to the uniqueness of projects. The BRE standardised the 
schemes and also brought in the innovation credits in order to 
provide some flexibility to the schemes. 

The findings revealed that the BRE are not particularly 
interested in the environmental performance of buildings once 
they have received their post construction certificate. The cost 
of carrying out a BREEAM certificate can cost around £10,000 
for certification, advice and assessment fees. The cost may not 
be as significant on a large project; however on much smaller 
schemes it may not be cost effective or appropriate to carry out 
a full certified BREEAM. It was suggested that instead of 
carrying out a full BREEAM, a non certified equivalent may 
be the most appropriate approach. This could enhance the 
sustainability performance of the project without incurring the 
BRE costs. More developers could consider this option when 
choosing how to introduce sustainability to their buildings. 

5. Conclusion  
Sustainable development (or sustainability) has been 

historically referred to as meeting the needs of the present 
without compromising the ability of future generations to meet 
their own needs. Therefore it is often associated with terms 
such as “maintaining” and “prolonging”. The term is now not 
just seen to be about protecting the environment but is also 
concerned with protecting the economy and the society. This 
reveals the need to balance conservation of environmental 
resources with the issues of economic growth and social 
welfare. 

Sustainability is a concept which is very difficult to 
quantify and measure. In recent times the sustainability agenda 
has become more important. The construction industry has 
come under pressure to become more sustainable and therefore 
environmental assessment methods have emerged in order to 
attempt to measure the sustainability of buildings. Buildings 
sustainability can be measured via criteria scoring, which is a 
subjective method that is open to skewed results. 
Environmental assessments have been developed in a world 
wide context and are being used by many industry and 
sustainability experts. The UK Government in particular has 
been using environmental assessment methods for over a 
decade and their popularity is only set to increase. 
Sustainability seeks to uphold our environment, economy and 
society. As particular focus has been on creating more 
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sustainable building stock, environmental assessment tools 
have become the solution to measurement. However with a 
generic tool such as BREEAM it is difficult to adopt site 
specific issues with the credits due to the inflexibility of the 
framework. It is difficult for developers to stretch themselves 
in areas outside what is in the framework (the set criteria). 

Three other environmental assessment methods from other 
countries were analysed and compared against the UK’s 
prevailing method, BREEAM. The comparison showed that all 
methods were based on scoring certain criteria. The criteria set 
in each method were very similar, concentrating on the same 
categories. Other methods had been created based on 
BREEAM as this is the oldest established method in use. The 
UK Building Regulations are set much higher than other 
countries, therefore the interviewees revealed the tendency that 
a BREEAM certification was much more demanding and 
difficult to achieve than any of the other methods compared, 
thus generating a much more sustainable building stock. 

The results revealed that BREEAM is perceived as a very 
useful tool when addressing the environmental performance of 
buildings; however it is perceived that it does not address the 
whole concept of sustainability and sustainable development. 
A chief focus of sustainable development is on society, as it 
aims to include environmental considerations in the steering of 
societal change at the interface between the social, the 
economic and the ecological aspects. BREEAM fails to 
include sufficient social and economic components to address 
the whole of concept of sustainability and sustainable 
development. Manuals were thought to be too subjective and 
ambiguous which has led to inconsistent judgments by the 
interviewed BRE assessors. There has been an attempt in the 
August 2008 to standardise the schemes under BREEAM and 
introduce some flexibility through client innovation. However, 
it was discovered that some BRE assessors do not have the 
experience to recognise true sustainable innovation and that the 
whole process has become too much of a box ticking exercise. 
BREEAM effectively assesses the issue of sustainability with 
regards to construction. It may not have been the intention for 
BREEAM to look at post occupancy in terms of environmental 
impact however the results of this research show that this may 
be something that should be made mandatory.  In conclusion, 
BREEAM is a necessary tool in today’s sustainability 
conscious society. There are some slight improvements 
identified that the field experts would like to see introduced, 
however it is felt that the BRE have got the method about right 
in terms of categories, weightings, credits and mandatory 
credits. It has already been stated that the method will continue 
to be revised and evolve with the aim of continuously 
improving and maintaining its lead on current legislation and 
offering best practice.   

The current research has revealed certain issues that require 
attention in relation to environmental assessment methods in 
the built environment. Strategically there needs to be a focus 
aimed at promoting the use of not certified equivalent 
environmental assessment methods as a more sustainable 
approach to building assessment.  

The UK Government should adopt a uniform approach and 
make the use of environmental assessments methods (either 
certified or non-certified) mandatory to all new construction 
projects and be included as part of building regulation 
compliance.  

Developers should prove by certification or other means 
that sustainability and sustainable construction has been 
considered in the design and construction of all future building 

stock. This is imperative if the Climate Change Bill, with the 
aim of reducing CO2 emissions by 60% by 2050, is to be 
realised. 

The BRE should look into the content of the manuals and 
certification procedures of the method to eliminate 
inconsistencies in credits and address the quality control issues 
reported by the BREEAM and sustainability experts. There 
needs to be procedures in place to control the subjectivity of 
the method such as monitoring assessor qualification and 
training in order to reduce discrepancies between BRE 
assessors and advisers. 

The sustainability of buildings should be addressed once 
they are occupied by either the building owner/occupier. More 
needs to be done to ensure that once constructed buildings are 
being operated in the most sustainable manner as much of the 
energy consumed by buildings are related to the occupation 
and operation stage. 

The main limitation of the current study is that only seven 
interviewees participated in the research. For this reason, the 
findings can not be generalized. However, they provide useful 
insights and valuable perspectives. Further studies should be 
carried out to increase the efficiency of environmental 
assessment methods. 

Appendix: Interview Questions

1. How many years experience do you have in BREEAM 
assessing? 

2. What have the results been for those projects? 
3. What were the desired outcomes for the projects at 

design stage? 
4. What proportion of the projects were state led and what 

were private led? 
5. What sectors were the projects from – 

Health/Education/Commercial? 
6. Have you used any other available systems to measure 

sustainable performance of buildings? Such as the GB Tool 
(Green Building Tool), LEED (Leadership in Energy and 
Environment Design) in the USA, CASBEE (Comprehensive 
Assessment System for Building Environmental Efficiency) in 
Japan, HQE (High Environmental Quality) in France and the 
most recently developed model VERDE method in Spain. 

7. What does “sustainability in the construction industry” 
mean? 

8. Do you feel the BREEAM sufficiently address the key 
issues of sustainability? 

9. Do you agree with the revised August 2008 BREEAM 
weightings and new mandatory requirements? 

10. What do you think were the key drivers to update the 
2006 version of the method? 

11. Once a building has been through the assessment 
process and been certified how does BRE monitor how 
sustainable the building is performing against its potential? 

12. Do you think that some Employers believe that the 
upfront cost of BREEAM is offset by the assurance that 
operational costs will be reduced? Is it a fact that revenue costs 
cover the capital cost of the building? 

13. Does BRE benchmark their assessment method against 
other methods in the industry? 

14. Part L of the Building Regulations was revised in 2006 
in order to improve energy efficiency by capping carbon 
emissions designed into the building and imposing minimum 
construction quality criteria. How does this regulation line up 
with BREEAM?  
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15. Do you get actively involved with focus groups etc to 
put forward your views for adapting and changing BREEAM?  
If not would you see this as a positive move?  

16. Are there any changes to the method that you feel 
personally would be beneficial and make the industry more 
sustainable?  
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Abstract—This study examined the direct effect of 
individual variables (self-esteem, creative self-efficacy, 
intrinsic motivation and extrinsic motivation) on the Research 
and Development (R&D) engineers’ creativity. The data were 
analysed based on questionnaires returned by 130 R&D 
engineers attached to fifteen Electrical and Electronic (E&E) 
firms with R&D department in Penang, Malaysia. The 
convenience sampling method was employed in getting the 
samples. The results posited that all individual variables were 
positively related to R&D engineers’ creativity. The results 
also reported that there is no significant difference in R&D 
engineers’ creativity between contract employment type and 
permanent employment type. The theoretical and practical 
implications of the study as well as suggestion for future 
studies were also discussed. 

Keywords-creativity; R&D engineer; individual 
variables; E&E industry; type of employment. 

1. Introduction  
The global economy is becoming increasingly competitive. 
Talent will be characterized as one of the important roles in 
supporting Malaysia to realize the objective of propelling the 
economy to a high income status. Therefore, the great 
attention must be given to human capital that lies at the core of 
innovation and a productive high income economy. In order to 
achieve Malaysia’s aspirations, it is important to develop, 
attract and retain a first world talent base. However, the 10th 
Malaysia Plan (10MP) recognizes that Malaysia is facing 
severe human capital deficiency problem. In conjunction with 
that, Talent Corporation (TC) is setup by Prime Minister of 
Malaysia, YAB Dato Seri Mohd Najib, in 2011 to attract, 
nurture and retain talent required for high income economy, 
which is in line with the Economic Transformation Program 
(ETP). One of the key activities from TC is to develop a 
collaborative initiative among industries and government 
agencies to address talent requirement and demand in 
Malaysia.  
 
Among the industries, Electrical and Electronic (E&E) 
industry is in the top of the list to kick start this collaboration 
effort because it is an important contributor to the national 

economy, accounting for RM37 billion in Gross National 
Income (6% of national GNI), 522,000 jobs and 41% of 
Malaysia’s total export in 2009 (Performance Management 
and Delivery Unit (PEMANDU), 2012). In addition, TC has a 
fast track program involves apprenticeship with hands on 
experience working on actual R&D projects at host companies, 
like Intel and Altera, while it supplemented with formal 
training at Penang Skills Development Centre (PSDC). 
 
Despite all exciting stack of R&D projects roaring to roll out, 
too much time has been wasted without a proper appreciation 
of developing skilled R&D engineers. From the global 
comparison, Malaysia’s Gross Expenditure for R&D (GERD) 
of RM 3.6 billion was ranked 37th from the National R&D 
survey (2008). On the other hand, GERD/GDP ratio of 0.64 
was placed on 44th in the world. In comparison to Asia Pacific 
countries like Taiwan, Singapore, China, India and Hong 
Kong which accounted for 2.52, 2.36, 1.33, 0.84 and 0.74 
respectively, Malaysia has the lowest ranking. Big gap is 
observed between Malaysia and the neighborhood countries 
despite overall Malaysia’s R&D performance still shows 
gradual growth. There is always a room for improvement and 
more effort is required to accelerate the current situation.  
 
The R&D engineers’ capabilities to create, disseminate, and 
apply knowledge are critical factors in determining the R&D 
engineers’ creativity. The R&D engineers’ creativity includes 
generating new (novel or adopted) ideas and solutions, 
developing new product and new method, and producing an 
applicable prototype or model for the use of the organization. 
This implies that E&E industry highly demand for the creative 
R&D engineers to produce and develop innovation as well as, 
to help this E&E industry to face the complexity of economic 
context and to go over the competitors. Given the importance 
of R&D engineers’ creativity in enhancing the E&E firms’ 
growth and performance; examining the influencing factors in 
stimulating R&D engineers’ creativity in order to bring the 
E&E firms towards global competition is warranted. 
 
In general, organization has widely recognized the influencing 
factors such as individual, organizational and environmental 
variables that will enhance R&D engineers’ creativity. 
Therefore, this study aims to explore and focus on the 
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influence of personality factors that might help to increase the 
R&D engineers’ creativity level. Positive personality factors, 
such as self esteem, creative self efficacy, intrinsic motivation 
and extrinsic motivation affects and fosters cognitive 
complexity, creativity and innovation (Ford, 1996; Isen, 1999; 
Woodman, Sawyer, and Griffin, 1993). Personality 
development which refers to skills development and 
motivational enhancement, have played a significant role in 
most of the organization nowadays. With the right skill set, it 
smoothen the interaction between clients, co-workers and 
superiors. Subsequently, it helps the employee to face any 
challenges with confidence and positive approach (Barron and 
Harrington, 1981). 

2. Literature Review  
A. R&D Engineers’ Creativity
Global society is facing challenges that require innovative and 
practical engineering solutions. Survival of a company is very 
much depended on the ability of its engineers to innovate and 
stimulate their creativity, particularly in R&D. This is because 
the R&D engineers play a vital role in generating fresh 
solutions to problems and creating new products, processes or 
services for their company to sustain in this competitive edge. 
Scholar has formulated explicit distinctions between two main 
types of creativity, which are special talent (Maslow, 1962) 
and self-actualizing (Sawyer, 2006). Special talent is ascribed 
to people whose contribution is recognized by society (Sawyer, 
2006). There is a myth that creativity is limited to several 
individual who are naturally creative. Self actualizing, on the 
other hand, is referring to collaborative, improvised, and it is 
influenced by shared cultural knowledge and processes. 
Creativity is a skill that can be learned and applied. Learning 
to be creative is akin to learning a sport. It requires practice to 
develop the right muscles, and a supportive environment in 
which to flourish. In this study, R&D engineers’ creativity is 
termed as the process of forming novel idea to solve problems 
and to increase the efficiency (Amabile, 1983; Woodman, et 
al., 1993).  
 
B. Individual Variables
Individual variables are conceptualized as personal resources 
available to an individual (Gist and Mitchell, 1992). In this 
study, four common individual variables which were widely 
examined, namely self esteem, creative self efficacy, intrinsic 
motivation and extrinsic motivation are determined as the 
predictors to R&D engineers’ creativity. Self-esteem is 
defined as an individual’s judgment of one’s own value 
(Bandura, 1994). Creative self efficacy refers to the belief that 
an individual has the ability to produce creative outcomes 
(Walker, Greene, and Mansell, 2006). Intrinsic motivation is 
regarded as encouragement or motivation originating from an 
individual to increase one’s satisfaction and competency to 
complete the task (Walker, et al., 2006). Extrinsic motivation 
is termed as the encouragement or external reward that brings 
expected behaviors and performance (Maltzman, 1960). 
 
C. Individual Variables and R&D Engineers’ Creativity

Isen (1999) concluded that positive personality/individual 
variables will foster cognitive complexity, creativity and 
innovation. Personality development, in terms of skill 
development and motivational enhancement, has a significant 
role in most of the organization nowadays. With the right skill 
set, it smoothen the interaction between clients, co-workers 
and superiors. Subsequently, it helps the employee to face any 
challenges with confidence and positive approach. A review of 
literature illustrates that individual variables comprise of four 
common dimensions (self esteem, creative self efficacy, 
intrinsic motivation and extrinsic motivation) that influence on 
the creativity. Therefore, our main hypothesis is constructed as 
follows: 

H1:  Individual variables (self esteem, creative self efficacy, 
intrinsic motivation and extrinsic motivation) are 
positively related to R&D engineers’ creativity. 

Self-esteem is crucial and as a cornerstone of a positive 
attitude towards living. Self esteem elaborates the affective 
aspect of self evaluation (Cheng and Furnham, 2004; Lightsey, 
Burke, Ervin, Henderson and Yee, 2006). Having a healthy 
dose of self-esteem allows individual to focus more on the 
pleasure of being creative. Thus, the first sub-hypothesis is 
postulated as below: 

H1.1:  Self esteem is positively related to R&D engineers’ 
creativity. 

Creative self efficacy originated from the concept of self 
efficacy, which describes an individual belief on successfully 
performing in a particular setting (Bandura, 1994). In short, 
the employees tend to perceive opportunities to apply their 
creative potential in the form of creative actions. Hence, the 
second sub-hypothesis is presented as below: 

H1.2:  Creative self efficacy is positively related to R&D 
engineers’ creativity. 

Intrinsic motivation views creativity as self-motivated 
psychological behavior that is triggered by intrinsic spiritual 
rewards (Deci and Ryan, 1985; Amabile, 1997; Hennessey 
and Amabile, 1998). The main component of intrinsic 
motivation is individual’s level of enthusiasm for the activity 
as it affects one’s decision to initiate and sustain creative 
effort over time (Amabile, 1988). Therefore, the third sub-
hypothesis is conjectured as below: 

H1.3:  Intrinsic motivation is positively related to R&D 
engineers’ creativity. 

Extrinsic motivation emphasizes on encouragement or 
external reward outside the self (Walker, et al., 2006). In line 
with Deci and Ryan (1985), the relationship between extrinsic 
and outcomes highly depends on the types of extrinsic 
motivation involved. Especially in formalized tasks, extrinsic 
rewards are seemed to be necessary to motivate employee 
creativity (Amabile, Hennessey, and Grossman, 1986). Thus, 
the fourth sub-hypothesis is formulated as below: 

H1.4:  Extrinsic motivation is positively related to R&D 
engineers’ creativity. 

 
D. Type of Employment as a Moderator
In general, there are two types of employment, namely 
permanent and contract. Different types of employment will 
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affect individuals’ actions as the reward system included in the 
contract affects the efforts applied (Holmstrom and Milgrom, 
1994) and knowledge applied (Conner and Prahald, 1996). 
The relationship between employee and organization is 
materially different for contract and permanent employee. The 
perceived obligation of loyalty in return of job security 
(contract and permanent) forms a relational psychological 
contract between worker and organization that has a link 
between the individual’s commitments to the organization 
(Rosseau, 1990). Based on past studies, contract employees 
place less priority on job-related factor, such as creativity 
contribution and knowledge sharing (Wakefield, Curry, 
Mueller, and Price, 1987). On the other hand, permanent 
employees are more likely act collaboratively in the interests 
of the organization than individually in their own interest 
(Ohana and Meyer, 2010). As such, this study conceptualize 
that permanent employment positively moderate the 
relationship between individual variable and R&D engineer’s 
creativity. Conversely, contract employment negatively 
moderates the relationship between individual variables and 
R&D engineer’s creativity. Thus, the hypotheses for this study 
are formulated as follows: 

H2: Types of employment moderates the relationship 
between individual variables (self-esteem, creative self-
efficacy, intrinsic motivation, extrinsic motivation) and the 
R&D engineers’ creativity. 
H2.1: Types of employment moderates the relationship 
between self-esteem and the R&D engineers’ creativity. 
H2.2: Types of employment moderates the relationship 
between creative self-efficacy and the R&D engineers’ 
creativity. 
H2.3: Types of employment moderates the relationship 
between intrinsic motivation and the R&D engineers’ 
creativity. 
H2.4: Types of employment moderates the relationship 
between extrinsic motivation and the R&D engineers’ 
creativity. 

3. Methodology  
The population of the present study will be the engineers 
employed in the R&D organization in Penang, the main 
industrial hub as well as being home to the Free Trade Zone. 
Based on Invest Penang directory, there are 200 companies are 
involved in the electrical and electronics sector (E&E). Of 
theses 200 companies, only 15 companies are with R&D 
facilities. The questionnaires were sent to these 15 companies 
with intended of 15 respondents from each company. The unit 
of analysis is the engineer working in R&D organization. The 
respondent will be sampled using convenient sampling method.  

4. Results  
A. Profile of respondents
Among 130 respondents, 51 are male (39.2%) and 79 are 
female (60.8%). More than half of the respondents are married 
(51.5%) while the rest are single (48.5%). Majority of the 
respondents are Bachelor Degree holder (64.6%). It is then 
followed by Master Degree holder (26.9%), PhD holder (6.9%) 

and Diploma holder (1.5%). All the respondents are R&D 
engineers (100%) with permanent employment type (89.2%) 
except fourteen (10.8%) of them are under contract 
employment. 
 
B. Descriptive Statistics
The mean score for R&D engineers’ creativity (M = 3.74, SD 
= 0.70) are perceived to be moderate by most of the 
respondents. And also, engineers in this study particularly 
gives weight to intrinsic motivation (M = 3.93, SD = 0.60), 
followed by self esteem (M = 3.75, SD = 1.05), extrinsic 
motivation (M = 3.61, SD = 0.67) and creative self-efficacy 
(M = 3.57, SD = 0.58). 

C. Multiple Regression Analysis
Regression was conducted to test the hypotheses for this study. 
Table I shows the regression analysis the results for regression 
analysis of individual variables on R&D engineers’ creativity. 
The four individual variables are able to explain 58% (R² = 
�������	-value = 42.17, p < 0.01) of the observed variation on 
R&D engineer’s creativity. All four individual variables are 
significantly contributed to the prediction of R&D engineer’s 
creativity. Self-
��

� ��� �� ������ �� �� ������� ��
����
� �
��-

���������������������������������������!������!�����������������
0.05) and extrinsic mo������!�� ��� �� ��59, p < 0.01), are 
significant and have positive relationship with R&D 
engineer’s creativity. Hence, the hypothesis H1, H1.1, H1.2, H1.3 
and H1.4 are strongly supported.  

TABLE I. MEAN SCORES AND STANDARD DEVIATIONS FOR THE STUDY 
VARIABLES 

Variables Mean 
(M)

Standard 
Deviation 

(SD)

R&D Engineer's Creativity 3.74 0.70 

Individual Variables   

Self-Esteem 3.75 1.05 

Creative Self-Efficacy 3.57 0.58 

Intrinsic Motivation 3.93 0.60 

Extrinsic Motivation 3.61 0.67 

 
Moderating effect analysis was also conducted to analyze the 
moderating role of type of employment. As shown in Table II, 
it seems that the type of employment does not moderate all the 
relationship between individual variables (self-esteem, 
creative self-efficacy, intrinsic motivation and extrinsic 
motivation) and R&D engineer’s creativity. The interaction 
terms are insignificant, hence the R2 is maintained. In sum, 
hypotheses H2, H2.1, H2.2, H2.3 and H2.4 are not supported. 
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TABLE II. REGRESSION RESULTS OF THE RELATIONSHIP BETWEEN 
INDIVIDUAL VARIABLES AND R&D ENGINEER’S CREATIVITY. 

5. Discussion and Conclusion  
All four individual variables were significant and positively 
�
���
"� �!�#*+�
�>��

�X�� ��
���������\^�������� !������!�� ���
= 0.59, p < 0.01), was found to be the strongest predictor. It 
was then followed by creative self-
�������� ��� �� ������ �� ��
��������
���
��

�������������������������"�����������!������!��
��� �� ������ �� �� ������ Extrinsically motivated engineer will 
perform to attain a desired grade or some other form of 
external rewards like money and recognition. Tangible 
incentives, tangible rewards and opportunities for promotion 
act as means to recognize engineer’s effort in tangible ways. 
In conjunction with Abbey and Dickson (1983) study, the 
extrinsic motivation was consistently correlated with R&D 
engineers’ creativity. Next on the list was creative self-
efficacy which highlighted that R&D engineers must possess 
the required technical skills, confidence and value orientation 
to be creative (Kirton, 1989). R&D environment needs R&D 
engineers to be creative due to job complexity. It is because 
R&D environment is in a setting which creativity is a priority 
and creative routine performances are closely linked. As such, 
the engineers conducting complex job would have greater 
creative self-efficacy. R&D engineers with high self-esteem 
believe that they will use the necessary capabilities to perform 
the task successfully. These engineers are likely to seek for 

challenges and adopt effective strategies to mediate the 
challenges (Bandura, 1994; Zeldin and Pajares, 2000). They 
would not be hurt easily by criticism of their creative ideas. It 
aligns with the past researches, self-esteem was positively 
related to creativity (Axtell, Holman, Unsworth, Wall, and 
Waterson, 2000; Gist, 1989). Intrinsic motivation is 
recognized as one of the core characteristics for engineer’s 
creativity which relates to workplace creativity (Oldham and 
Cummings, 1996) as well as level of enthusiasm for the 
activity (Amabile, 1988). In short, with appropriate intrinsic 
motivational orientation for job involving creativity, the 
emergence of innovative ideas and express more creativity 
will be enhanced.  
 
Employment type did not moderate the relationship between 
individual variables and R&D engineer’s creativity. One of the 
possible explanations would be related to the type of job that 
the engineer is working on. Additionally, one of the main 
characteristic of R&D job is that it is not a routine job. It is 
classified as job with high complexity (Hunter, Schmidt, and 
Judiesch, 1990) and analytic work (Gottfredson, 1986). Every 
R&D is different most of the time; otherwise organization 
would not have invested. Thus, the engineers, regardless in 
contract or permanent, who involved in the R&D would feel 
challenging most of the time and continue to deliver quality 
and creative performance. The result of this study offers 
several suggestions to E&E organizations in Malaysia. In 
particular, R&D managers could use the results from this 
study to instill R&D engineer’s creativity by setting the 
significant personality criteria while recruiting the new R&D 
engineers. 
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Abstract-South Korea’s construction industry won orders 
worth USD 58 billion in 2011, and as such, it has achieved a 
remarkable growth. However, despite such an impressive 
quantitative growth, value-added quality growth has been 
very slow. Thus, the Ministry of Land, Transport and Marine 
Affairs (MLTM) is pushing ahead with the construction 
informatization initiative (Construction Continuous 
Acquisition & Life-cycle Support - CALS) in order to 
systematically manage a wide range of construction 
information by stage and to enhance the efficiency of 
construction costs. This study aims to review the country’s 
construction CALS to explore a construction development 
direction.  

Keywords-Construction CALS, project management, 
land acquisition compensation, facility maintenacne, 
construction approval, and construction standards 

1. Introduction  
South Korea’s construction industry has contributed to the 

country’s economic growth and the people’s housing 
stabilization through the building of SOC and the 
construction of housing. In this process, the construction 
investment amount and the value of earned construction 
orders have remarkably grown. The value of earned overseas 
construction orders reached USD 58 billion in 2011, and as 
such, large constructors are actively winning overseas 
construction orders. Notably, the MLTM is setting a goal of 
winning overseas construction orders worth USD 70 billion in 
2012 by driving ahead with overseas construction initiatives 
and penetrating the Middle East and Asia construction 
markets where large-scale orders are expected. The 
government is preparing across-the-board support measures 
encompassing finances, technologies and diplomacy in order 
to achieve the 2012 goal. However, despite this impressive 
quantitative growth, due to a lack of engineering technology 
competitiveness, and not much transparent management, the 
country’s construction industry is backward and has yet to 
achieve value-added quality development compared with that 
of developed countries.[1]  

Thus, the MLTM has formulated national informatization 
strategies to improve the construction industry’s efficiency 
and advance its knowledge and informatization to create 
value-added construction businesses and bolster the 
industry’s competitiveness. These efforts have improved 
diverse knowledge and informatization systems and services 
for the general public. Notably, in order to cope proactively to 
changing domestic and international environments and to 
strengthen the transparency and efficiency of construction 
project management through informatization, the government 
formulated the master plan for construction CALS in 1998 
and has since implemented the construction informatization 
system. This study thus aims to review the country’s 
construction business informatization overview and future 
development direction based on the construction CALS. 

  

2. Background to CALS Introudction 
and Implementation  

The construction business knowledge and 
informationzation systems were needed in order to improve 
the construction business efficiency and to create value-added 
construction businesses. An informatization strategy was 
formulated to enable clients and constructors to electronically 
exchange and share the production information of the entire 
construction business process encompassing design, 
construction work and maintenance. The outcome of the 
strategy is construction CALS. 

In a bid to facilitate the informatization of construction 
work process and to effectively use the results of such efforts, 
the South Korean government formulates and implements a 
five-year master plan every five years.[2] The current 
construction CALS is stage 3, and supports the strengthening 
of linkage with diverse institutes and national policies.  

 
TABLE 1. Goals of Construction CALS by Stage 

Stage 1 Stage 2 Stage 3 

Build clients’ 
infrastructures 
(1998-2002) 

Computerize work 
process 

(2003-2007) 

Achieve  advanced co-
work and integration  

(2008-2012) 

Computerize single-unit 
works  

Build institutes’ 
systems  

Support linkage 
integration and policies  

Creative Education  
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3. Implementation of Construction 
CALS  

In order to exchange and share information on the whole 
construction business process, six construction CALS systems, 
including construction business management, construction 
approval, land acquisition compensation, facility maintenance, 
construction CALS portal, and harbor construction 
information integration system are now being operated. 
Currently, these are applied to some 1,000 projects in roads, 
rivers and harbors. They are outlined as follows.[3] 

 

 
Figure 2. Six Types of Construction CALS Systems  

 
Along with the systems, six types of standards are being 

implemented to exchange and share overall construction 
business data. They include electronic drawings, drawing 
information exchange, electronic documents, construction 
information classification system, devising of construction 
information models and common delivery criteria, and digital 
quantity calculation exchange standard. These standards are 
being utilized across the construction industry, and efforts are 
being made to establish some of them as international 
standards.[4] 

 

4. Construction CALS Development 
Direction  

The construction CALS should continue its development 
efforts to reduce the construction business costs, to improve 
the efficiency based on informatization strategies, and to meet 
the rapidly changing social needs. Thus, this study formulated 
the vision and goal of the construction CALS aimed at 
realizing the informatization of construction businesses that 
create the national wealth creation as a new growth engine.  

 
To achieve this vision and goal, five major strategies were 

determined. To effectively implement these strategies, 
detailed strategies will be devised. Five major strategies are 
outlined as follows. 

 Support the lifecycle of construction business from 
planning to maintenance: Use systems in managing major 
construction business process data, expand work-
classification system (WBS)-applicable projects, and link and 
integrate with the maintenance systems 

 Facilitate the use of accumulated design and 
construction work information : Analyze and process 
accumulated information to give feedback to planning and 
design stages  

 Link increased user convenience with IT: Adopt 
mobile, cloud computing, space information (GIS), and 
construction information model (BIM) 

 SOC construction business portal service :  Link with 
construction business systems for roads, harbors and railroads, 
run by the MLTM and institutes under its control, thus 
providing integrated services 

 Use and promote the construction CALS :  Organize 
construction business management systems to spread them as 
national standard models to local governments, etc., and to 
respond to additional standardization demand.  

 

 
Figure 3. Expected Vision and Goal of Construction CALS 

 

5. Conclusion  
The application of construction CALS provides the 

following expected benefits. First, it is possible to reutilize 
the existing information, gather information speedily, cut the 
construction period and reduce the cost. It is possible to cut 
the construction period by 15%~20% and a yearly project 
budget of KRW 177.7 billion. Second, it is possible to make 
speedy communications by sharing information across the 
construction business stages, and to cut user waiting time by 
30%~60%. Third, it is possible to eliminate paper documents 
and effectively use spaces and to reduce document 
distribution costs. Also, it is possible to improve the public 
and private-sector construction work quality, to help 
eliminate poor construction works, and to strengthen the 
country’s construction industry competitiveness.   

The construction CALS will respond to the ever changing 
social needs, and continue to expand and develop so as to 
establish itself as a new growth engine in the construction 
category in South Korea.  
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Abstract—This study investigated the effect of external 
carbon source and bed turnover rate on biological 
denitrification in the pilot-scale IPNR (Ilshin Phosphorus and 
Nitrate Removal) process. IPNR process is an up-flow reactor 
filled with Si-media which removes phosphorus physically 
and nitrate nitrogen biologically using secondary effluent from 
sewage treatment plant. Phosphorus (PO4-P) was removed 
using HFO (Hydrous ferric oxide) by adsorption as well as 
nitrate nitrogen (NO3-N) was transformed to nitrogen gas (N2) 
by denitrifying bacteria using external carbon source in the 
same reactor. Methanol was used as an external carbon source 
for denitrification with various dosing concentration and Si-
media bed turnover rate was varied from 6.4 ~ 7.75 day-1. The 
concentrations of PO4-P and NO3-N in the secondary effluent 
were from 0.1 to 1.75 mg/L and from 1.1 to 31.9 mg/L, 
respectively. The results demonstrated that high amount of 
NO3-N removed from 31.9 to 1.2 mg/L, at the same time PO4-
P removed from 1.75 to 0.41mg/L using secondary effluent. 
Denitrification was found more stable with 6.4 bed 
turnover/day and 130% over dosing of theoretical methanol 
dose for denitrification. 

Keywords-denitrification; carbon source; bed turnover 
rate; phosphorus removal 

1. Introduction  
One of the major concerns for wastewater treatment is 

removal of phosphorus and nitrogen which could cause 
eutrophication in river and lakes. According to EPA and 
Forsberg & Ryding, the standard for eutrophication is 0.02 ~ 
0.025 mg/L as T-P and 0.6 ~ 1.5 mg/L as T-N [1,2], on the 
other hand, the water quality regulation comprehenses 20 mg/L 
as T-N without winter ease and 0.2 ~ 0.5 mg/L as T-P had been 
enforced recently in Korea which means phosphorus and 
nitrogen needs to be removed below water quality regulation to 
control eutrophication. 

There are various processes operating in the world in order 
to remove phosphorus and nitrogen commonly divided 
chemical and biological treatment. Most of phosphorus 
removal process uses flocculation with aluminum sulfate 
(Al2(SO4)3, alum), PAC (Poly aluminium chloride), Fe2(SO4)3, 
FeCl3 and polymer followed by sedimentation. Flocculation 

and sedimentation process is simple and effective process for 
phosphorus removal however high cost due to uses of plenty of 
flocculant [3]. Equation (1) and (2) show the formation of M-
PO4-P precipitate using aluminum or iron salts for flocculant 
[4]. 

Al2(SO3)3 14H2O+2H3(PO4) � 2Al(PO4)+3H2SO4+18H2O (1) 

FeCl3 (6H2O)+H2PO4+2HCO3 � FePO4+3Cl+2CO2+H2O  (2) 

Biological nitrogen removal process includes A/O 
(Anaerobic-Oxic), A2/O, modified bardenpho, UCT 
(University of cape town), phostrip, VIP (Virginia initiative 
plat), SBR (Seqencing batch reacor), Bio-denipho and so on. 
These processes have developed with long period throughout 
the world. Nevertheless, operating these processes has some 
problem such as large site needs for installation, a lot of uses of 
external carbon source for denitrificaiton and unstable 
treatment results [5]. The principal of nitrification and 
denitrification which uses various carbon sources is well 
known in the world and it is shown below (3~6) [6]. Ammonia 
oxidation to nitrate requires 4.57 g O2/g NH4-N oxidized to 
NO3-N and consumes 7.14 g alkalinity (as CaCO3) per g NH4-
N oxidized. For denitrification 1 mole of hydroxide alkalinity 
is produced per mole of NO3 reduced or one equivalent OH per 
equivalent N. 50 mg alkalinity as CaCO3 per 14 mg N reduced 
or 3.57 mg alkalinity as CaCO3 produced per mg NO3-N 
reduced. 

NH4
++2O2+2HCO3

- ����3
- + 2CO2 + 3H2O           (3) 

5CH3OH+6NO3
- ����2+5CO2+7H2O+6OH-           (4) 

5CH3CHOH+12NO3
- � 6N2+10CO2+9H2O+12OH-     (5) 

5CH3COOH+8NO3
- � 4N2+10CO2+6H2O+8OH-       (6) 

To minimize the amount of external carbon source and 
chemical flocculant uses and footprint for installation, an 
efficient process for removal of phosphorus and nitrogen has to 
be developed. IPNR process is the one solution for nitrate and 
phosphorus treatment at the same time with high efficiency, 
less sludge waste and less flocculant and carbon source uses 
using less process site.  
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2. Materials and Methods  
A. Experimental setup

IPNR process is an up-flow single reactor and able to 
remove phosphorus and nitrate nitrogen simultaneously. The 
reactor was conducted by using FRP (Glass fiber reinforced 
plastic) tank of 2.7 m internal diameter and 5.5 m height. Fig. 1 
is the schemetic diagram of the IPNR process. IPNR reactor 
was filled with media which can occur adsorption between 
media and HFO, followed by PO4-P. By adding methanol as a 
carbon source, denitrifying bacteria can grow in the pore of and 
between the media and use NO3-N as an electron acceptor. 
Finally, PO4-P and NO3-N in the secondary effluent from 
existing wastewater treatment plant were removed, on the other 
hand, the sludge waste including HFO-PO4-P and denitrifying 
bacteria discharged as well as media was reused by air and 
water washing system. 

The pilot-scale IPNR process was installed in the A 
wastewater treatment plant in Yongin, Korea and has been 
operating for one and half years. The IPNR system treated 360 
m3/day-secondary effluent continuously. The secondary 
effluent from SBR (Sequencing batch reactor) includes 1 
mg/L-PO4-P and 5 mg/L-NO3-N approximately. In order to 
find the nitrogen removal efficiency with high concentration of 
NO3-N, some potassium nitrate (KNO3) was artificially added 
in the influent of IPNR process. Methanol addition varied from 
zero to 88 mg/L according to the influent flow and the 
concentration of NO3-N and DO (Dissolved oxygen). Bed 
turnover rate was adjusted 7.75 and 6.4 day-1 in order to 
increase the nitrogen removal efficiency as increasing the NO3-
N concentration in the influent. 

 

Figure 1. Schemetic diagram of the IPNR process 

B. Measurements
The pilot-scale IPNR process was monitored through 

chemical analytical techniques. Samples were taken regularly 
from influent (secondary effluent of SBR) and effluent (treated 
water through the IPNR process). pH and DO were analyzed 
on-site using an AQUA LYTIC AL15. Total-phosphorus, 
phosphorus, total-nitrogen, nitrate, nitrite, ammonium were 
measured using a HACH DR890. Suspended solid was 
measured according to standard methods (APHA, AWWA and 
WPCF, 1995) 

3. Results and Discussions  
IPNR process performance of the phosphorus and nitrate 

nitrogen was evaluated. The concentration of PO4-P and NO3-
N were monitored for 160 days after system was stabilized in 
order to obtain the results of simultaneous removal of 
phosphorus and nitrate nitrogen in this study. 

C. Phosphorus removal
2~7 mg/L FeCl3 was injected continuously according to the 

influent flow and PO4-P concentration. Once FeCl3 was added 
in the influent stream, FeCl3 transformed HFO such as am-
Fe(OH)(s), ferrigydrite (FepOr(OH)s nH2O), goethite ( -

FeOOH), lepidocrocite ( -FeOOH), hematite ( -Fe2O3). The 
HFO has positive charge and adsorbed with Si-media which is 
negative charge. Then PO4-P in the influent reacted with HFO 
and formed coagulant on the surface of the media in a few 
seconds and discharged through the washing system. Fig. 2 
demonstrated the principal of removal of PO4-P in the IPNR 
process. 

The removal of PO4-P was stable representing 90% 
removal efficiency except 46 ~ 70 days due to media bed 
plugging with high concentration of SS in the influent caused 
by unstable operation of SBR process (data not shown). As 
shown in the Fig. 3, the concentration of PO4-P in the influent 
was various from 0.1 ~ 1.6 mg/L and removed up to 0.01 mg/L.  

. 

     Figure 2.    Principal of PO4-P removal on the media in the IPNR process 
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Figure 3.    Variation of PO4-P concentration in the IPNR process 

 

D. Nitrate nitrogen removal
In order to remove nitrate nitrogen, the autotrophic 

denitrifying bacteria have to be grown enough in the reactor 
requiring inorganic carbon as food or energy source [7]. In 
addition, a suitable electron acceptor must also be provided. In 
many cases autotrophic mode of denitrification have been 
shown by facultative organisms which means that they use 
dissolved oxygen when it is aerobic condition or other electron 
acceptor like NO3-N or NO2-N in anaerobic condition [8]. In 
this study, methanol was used as a carbon source in the 
anaerobic condition. The theoretical concentration of methanol 
for denitrification representated on (7) [9].  

2.9 [NO3-N (mg/L)] + 0.9 [DO (mg/L)] (mg/L)    (7) 

 

The effect of methanol on denitrification was investigated. 
The methanol injection was gradually increased from zero to 
88 mg/L in order to find the optimized condition for 
denitrification. At the beginning of the period, the methanol 
was injected automatically according to the influent flow and 
the concentration of NO3-N and DO to grow denitrifying 
bacteria. DO was controlled under 1 ~ 2 mg/L for efficient 
denitrification. When denitrifying bacteria was stabilized 
methanol was increased through the stages ( ~ ). The 
amount of methanol injection is shown in Table 1. As the 
concentration of NO3-N increased in the influent, the amount 
of methanol injection was increased from 23.9 to 88.1 mg/L. 
Basically 100% injection of theoretical methanol 
concentration was enough to remove nitrate nitrogen in the 
low concentration of NO3-N. When the concentration of NO3-
N in the influent was 15~20 mg/L, however, the methanol 

injection was increased to 130% for stable removal of NO3-N 
(stage ~ ). When the concentration of NO3-N up to 30 
mg/L, the efficiency was decreased dramatically due to lack 
of carbon source (stage ). We found that 130% 
methanol injection of theoretical concentration was required 
for stable denitrification in the IPNR process.  This value 
could be cost effective compared with conventional biological 
nitrogen removal process because of less external carbon 
source uses. 

One of the important factors is bed turnover rate which is 
related with HRT (Hydraulic retention time). At the beginning 
of period, the bed turnover was 7.75 day-1 which made the 
denitrifying bacteria condition unstable. The denitrifying 
bacteria require at least 30 min to reduce NO3-N or NO2-N to 
N2 gas. For more stable denitrification reaction, the bed 
turnover decreased down to 6.4 day-1. Finally, we found that 
stable denitrification in the IPNR reactor. 

TABLE I. THE AMOUNT OF METHANOL IN THE PILOT-SCALE IPNR 
PROCESS 

The amount of methnoal
Stage number

Methanol injection percentage 
based on the theoretical 
concentration  (%) 

100 100 100 130 150 150 

Theoretical concentration of 
mothanol (mg/L)a 23.9 29.9 44.4 59.0 66.6 88.1 

Concentration of NO3-N (mg/L) 7 10 15 15 15 20 
Concentration of DO (mg/L) 4 1 1 1 1 1 

a. Calculate the concentration of methanol based on the concentration of NO3-N and DO in the 
influent
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4. Conclusion  
Phosphorus and nitrate nitrogen removal test of the pilot-

scale IPNR process suggested that approximately 90% of 
simultaneous removal for both PO4-P and NO3-N has been 
successful using secondary effluent from sewage wastewater 
treatment plant with 130% overdose of theoretical methanol 
concentration and 6.4 bed turnover/day. In the optimal 
condition, 1.75 mg/L PO4-P removed to 0.41 mg/L and mostly 
0.01 mg/L was measured in the effluent of IPNR process as 
maximum efficiency. Although 31.9 mg/L NO3-N was 
decreased to 1.2 mg/L, most of the data showed that 20~25 
mg/L of NO3-N removed to below than 1 mg/L which has 
95~96 % removal efficiency. It seems that more than 30 mg/L 
as NO3-N could be removed by adding more carbon source in 
this condition. It is possible that phosphorus and nitrate 
nitrogen can be treated at the same time and in the same reactor. 
Also, we found that there is no competition between HFO and 
denitrifying bacteria on the surface of media showing high 
efficiency of removal of phosphorus and nitrate nitrogen 
simultaneously. It could make cost effective sewage 
wastewater treatment plant for both PO4-P and NO3-N by 
decreasing uses of coagulant and carbon source as well as 
footprint for installation. 

ACKNOWLEDGMENT  
This project was named as “Field application of reactive 

filteration system for total phosphorus/nitrogen removal from 
effluents of sewage and/or wastewater treatment plants and 
reservoirs” and funded by Korea Environmental Industry and 

Technology Institute of Korean government as “Eco-
Innovation project, 2011”. 

REFERENCES
[1] U.S. E.P.A, “Water quality criteria research of the U.S. 

Environmental Protection Agency”, Proceings of an EPA 
sponsored symposium, EPA-600/3-76-079, 1976. 

[2] Forsberg, C. & S. O. Ryding, “Eutrophication paramters 
and trophic state indices in 30 Swedish waste-receiving 
lakes”, Arch. Hydrobiol., vol. 89, pp. 189~207, 1980. 

[3] Water Environment Federation, Nutrient Removal, 
Chapter 7. Chemical phosphorus removal, 2010. 

[4] WEF and ASCE,  “Design of municipal wastewater 
treatment plants-WEF manual of practice 8 and ASCE 
manuals and reports on engineeing practice No. 76, 5th Ed. 
Water Environment Feferation and Americal Society of 
Civil Engineers Environment & Water Resources Institute, 
2009 

[5] Francisco J. Cervantes, Spysros G. Pavlostathis and 
Adrianus C. van Haandel, Advanced biological treatment 
processes for industrial wastewaters, 2006. 

[6] Tchobanoglous, G., F.L. Burton, and H.D. Stensel, 
wastewater engineeing: Treatment and reuse, 2003. 

[7] Gilda Carvalho, Paulo c. Lemos, Adrian Oehmen, Maria 
A.M. Reis, “Denitrifying phosphorus removal: Linking 
the process performance with the microbial community 
structure”, Water Research, vol. 41, pp. 4383-4396, 2007. 

[8] H.S. Shin and J.W. Kwak, Nitrogen and phosphorus 
treatment technology, Environmental Management 
Research Center, Korea, 2002. 

[9] George T. Moore, “Nutrient control design manual”, U.S. 
E.P.A, Aug. 2010. 

 

20 Copyright © 2012 SciRes.



A Study on the Issue Analysis for the Application  of 
BIM Technology to Civil Engineering in Korea 

Ju, Ki Beom/KICT
ICT Convergence and Integration Research Division
Korea Institute of Construction Technology(KICT)

Ilsan, Rep. of  Korea
kbju@kict.re.kr

Seo, Myoung Bae/KICT
ICT Convergence and Integration Research Division
Korea Institute of Construction Technology(KICT)

Ilsan, Rep. of  Korea
smb@kict.re.kr

Abstract—As conducted in the field of construction, the 
utilization of BIM (Building Information Modeling) is 
becoming a hot issue for many public work projects. Also, its 
market seems to be expanded as BIM is applied in 
procurement constructions. In this study, it examined the 
current state of BIM application that is being utilized in Civil 
Engineering nowadays for the BIM technology application 
while analyzing the issues raised regarding its application. The 
analyzed issues - Break off of BIM data in each construction 
stage, lack of cooperative system, insufficient standard library 
and guideline, etc. - were classified in terms of process 
infrastructure and system, and each measure for improvement 
was derived. It is advised to establish the method of strategic 
approach and detailed action plan for the execution of the 
improvement measures. 

Keywords-BIM; Standard; BIM Technology; Issue 
Analysis

1. Introduction
Currently, in the same way as construction field, interests 

regarding the application of BIM (Building Information 
Modeling) in Korean civil engineering projects have been 
increasing and it has been recognized as the means of 
competitiveness as technological adoption is being accelerated. 

According to the presentation given by Korean 
Procurement, from the year 2012, turnkey design competition 
construction of over 50 billion won have to apply BIM as an 
obligation.  

If this trend leads on, it is considered that the application 
of BIM in civil engineering field will take place in the near 
future, but in the industry, preparations have not been made 
sufficiently and various problems recognized by practitioners 
still exists. 

In this research, reports were conducted by basing on the 
BIM market structure of Korean civil engineering field, and 
civil engineering companies that are using BIM or are in plans 
of using BIM in the near future have been reported based on 
their awareness, level, and problems regarding BIM, and 

improvement that can be made to effectively apply BIM onto 
the civil engineering field has been briefly suggested. 

For the research method, the BIM application status of 
Korean civil engineering has been investigated to analyze the 
problems. Secondly, problems are investigated through 
literature review. Thirdly, based on the survey regarding 
interests of BIM that was conducted by the Korean 
Construction Technology Research Center, similar surveys 
were re-surveyed in order to examine the changes over the 
past 2 years as well as recognizing changes in problems of 
BIM technology. Lastly, analyzed and examined problems are 
classified in order as the research was progressed. 

2. BIM Application STATUS In PUBLIC 
ORGANIZATIONS OF SOUTH KOREA

Since civil facilities are facilities maintained by the nation, 
public organizations become in charge of orders and 
maintenance management. Amongst the ordering information 
of the public organization, when 6 representing cases (refer to 
Table 1)  are observed, it is displayed that BIM technology is 
being applied in different civil facilities such as bridges, rivers, 
dams, and railways. Most are applied in the designing stage, 
and it has been reported that the major usages are for process 
management and stimulation and advertisement. 
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TABLE 1. ORDERING STATUS OF PUBLIC ORGANIZATIONS IN SOUTH KOREA 

In case of private construction companies, in order to 
certify the effects of BIM in bridges, subways, and harbors, it
has been reported that it is being introduced in form of 
experiments. 

The problems in BIM expressed in the application of 
public organization are based on the fact that most important 
usage are implemented in form of process application for 
advertisement instead of actual process management. This 
makes re-cycling insufficient, and was analyzed as a problem. 

3. Prblems and restraits in introduction 
seen through Resources
When problems from the thesis related to BIM presented 

in Korea are extracted, Son Bo Shik and the rest 1 (2008) 
stated that changes in the process, software selection, 
systematization of information, education, list of required 
condition, and parts about performance measurement are in 
the lacking state and are identified as important improvements 
that need to be made in order for BIM application to take 
place. Seo Jong Chul and the rest (2009) pointed out the 
problems related to the introduction and application of BIM as
related to education, secure of library, compatible data, and 
data ownership. They also explained that provision of standard 
development of equipments and institutional guidelines is 
urgent. Kim Hwa Sung (2010) pointed out the problems 
related to application of BIM during the construction stage as 
the lack of reliability in the design model, performance 
improvement on the program, delay caused by design switch 
for BIM, rising costs, problems in responsibility of drawing as 
well as mentioning that improvements and standards are 
needed in e related systematic improvements. In addition, Jun 
Gi Hyun and the rest (2011) pointed out the problems related 
to the lack of professionals, low efficiency compared to the 
costs, and adhesion of existing methods. 

Including the major information included above, the 
problems that are identified as problems are the lack of task 
process for BIM standards, standardization of information 
technology and resources, appropriate BIM ordering 
instructions including comprehension about the employer, 
price realization following the increase in costs, construction 
of library, difficulties in collaboration, contractor following 
the problems of ordering methods, absence of the 
subcontractors of the construction, problems in the evaluation 
method of completed BIM, classification system and absence 
of data format, absence of certification system, interface 
problems that require all the data that is needed in the analysis 
during the design phase, as well as explanation over various 
problems. The fact that these problems are being describe can 
be understood that the BIM application and research are 
actively conducted. 

I. ANALYSIS OF CHANGES IN PERCEPTION OF CIVIL 
ENGINEERING COMPANIES 

This research analyzed 3 criteria out of 90 survey criteria 
and researched on what kind of changes occurred in the BIM 
market during the last 2 years. These were the changes in 
interest regarding BIM, transformation of restraints, and 
changes based on factors. This survey was conducted on 20 of 
the top 50 civil engineering companies. 

A. Changes in Interets about BIM
During the last couple of years, BIM has been greatest 

interest for construction companies, so diverse efforts have 
been displayed in order to apply it onto practices of 
construction companies. According to research results, 
regardless of experience in application of BIM, the response to 
recognition of BIM was 83.2%, which is 5% greater compared 
to the results in 2010. Also, regarding the BIM interest report, 
the percentage increased from 93.5% to 96%. These results 
display that sufficient base expansion occurred for BIM 
technology (Fig 1). 

FIGURE 1. INTERESTS ABOUT BIM

Main Content Related Business 

Ministry of Land, 
Transport and 
Maritime Affairs

Review of the 
appropriateness of the 
accomplishment such as 
drawings and quantities

Multifunctional Adminisrative 
City
Four Bridges in Geum River

The Korea Land 
& Housing 
Corporation (LH)

3D Process Management  
(4D)  and Advertisement

Barrage Structural 
Reformation Proejct of 
Young San River 3in process)

Water Proof Construction 
Project in Saemangeum (7in 
process)

Korea Rural 
Community 
Corporation 
(KRC)

3D Process Management  
(4D)  and Advertisement

Restoration of Nakdong 
River(4 in process ) Young Ju 
Dam Construction of Industrial 
Water Supply in DaSan 
Coastal Industral Area

Korea Water 
Resources 
Corporation

3D Process Stimulation
Ho Nam High Speed 
Railways
Capital High Speed Railways

Korea Rail 
Network 
Authority 

3D Mileage 
Stimulation
“Design Utilization of 
3D Stimulation”

Outer Circular Highway in 
Busan

Korea 
Expressway 
Corporation 

3D Process 
Management  (4D)  and 
Advertisement

Restoration of Nakdong River
(4 in process) 
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B. Changes in Restraints regarding Introduction of BIM 
According to the survey (2009) results regarding restraints 

of BIM application that was conducted in the United States, 
lack of education and BIM professionals, BIM introduction 
expenses, lack of will to introduce BIM, and lack of costs have 
been considered as restraints that hinder activation of BIM. In 
terms of restraints in Korea as reported through the 2010 
Korean Construction Technology Research Center, lack of 
information and education, lack of standard and guidelines, 
lack of operators, lack of will of the executive officer, and 
absence of successful cases in practical application, and 
confusion and absence of government policy have been 
displayed in order. 

Even in 2012 reports, restraints have been analyzed as 
being similar. When 2 unique traits within the reported 
information are analyzed, the reason why the number of no-
requests from users has increased in contrast to 2010 is 
because the base has been expanded but due to the slowdown 
in the construction, the ordered amount was not satisfactory. 
Thus, it was considered that the cause could be found, and the 
fact that H/W, S/W has high costs is being displayed as an 
constant problem.   

FIGURE 2. RESTRAITS TO INTRODUCTION OF BIM

C. Changes in Needs Needed for Introduction of BIM 
In the needs survey regarding the problems have to be 

predetermined in order for BIM to become activated in Korean 
civil engineering field, the restraints of the will of the 
executive officer and decision-makers, technological support 
of solution, applied technology and standards have been 
reported as significantly decelerated, but areas such as the 
absence of government policy, economical efficiency in case 
of  practical application of BIM still remain as insufficient and 
are being questioned (Fig  3).   

FIGURE 3. NEEDS THAT ARE REQUIRED FOR INTRODUCTION OF BIM

4. Classification of Problems and 
IMprovement
When problems listed on chapter II, III, are combined, 

they can be classified into different problems such as problems 
on task process needed for application of BIM, lack of 
collaboration system and mind, lack of library, absence of 
standards, and absence of professionals. When each of the 
problems are divided, they can be divided into 3 kinds such as 
Improvements in project implementation, Improvements in 
Information Infra, and Improvement of system. 

TABLE 2. CLASSIFICATION OF PROBLEMS AND IMPROVEMENT

Problems Area

- Lack of Support System in Task Process needed for
application of BIM 
- Lack in Workability in the design model  
- Lack in the will of making changes happen
- Lack in Collaboration System and Collaboration Mind  

Area of Project 
Implementation 
Procedures

- Lack of Library - Lack of Compatible  Data
- Lack of Standard Guidelines          
- Lack in Functions of the Software
- Lack of Object Classification  
– Lack of Recycled Information

Information 
Infra 

- Lack of Professionals             
- Lack of National Policies
- Existence of Intellectual Property Rights such as data and
drawings
- Lack of Ordering Method and evaluation/verification
system of BIM data

System 

D. Improvement in terms of Project Implementation Process 
In the design where BIM is applied, the task process 

change from 2D design to 3D design has to be accompanied. 
However, currently, in the transition stage, costs have been 
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rising and problems have been rising for collaboration system 
during the stage where 2D design is changed into 3D. 
Regarding the problems of the process, adequate 
reconstruction of project conducting process regarding BIM 
design or through the IPD(Integrated Project Delivery),
introduction of overall ordering method, maximized process 
that consider changes in construction tasks and transformation 
of groups have to be searched. In addition, in terms of 
strategies of the nation, plans that consider the changes in the 
process have to be provided. 

E. Improvement in the Area of Information Infra 
Problems such as development of standard and guidelines, 

secure of data compatibility, and secure of library can be 
considered as problems that are relevant to base infra needed 
for the application of BIM. IFC standards and international 
standards are basically applied, but parts that have to be fixed 
to fit the domestic environment have to be researched first in 
order to prevent expansion and confusion of BIM base. In 
terms of improvement on infra, procedural improvement on 
development of standard guidelines and expansion of various 
standards are needed. 

F. Improvements on the System 
Improvements on ordering methods, provision of 

evaluation system, authentication system, education system, 
and advertisement which have to be improved in terms of 
systems are parts that have to be strategically approached by 
the government. All content in the system directly influence 
on the industry, cooperational system with the organization 
and applications on diverse committee as well as other 
considerate approaches are needed. 

5. Conclusion
In the current domestic situation as recognition and

application of BIM is expanding, this research has expressed 
the possibility of solving everything and diagnosed the 
problems regarding BIM. Also, research was process in order 
to verify these problems.

In addition, during the past 2 years, changes in awareness 
of issue were analyzed and by dividing the problems, the need 
of strategic approach was suggested. In order to solve these 
problems, improvement of performed procedures of the 
project, infra aspects, and system aspect have to be applied for 
complementary research and support has to be accompanied.  
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Abstract— Workload Control (WLC) has been developed 
as a production planning and control approach for make-to-
order manufacturing. Previous studies on WLC often assume a 
simplified shop where released batches are treated as 
independent jobs, which proceed through the different stages 
of processing without being split. Batch splitting allows 
released batches to be split into a number of smaller sub-
batches so that its operations at work centres can be 
overlapped and its progress accelerated. This paper 
investigates how WLC performs under batch splitting. 
Evaluating the performance of WLC in this context is an 
important step towards the alignment between WLC theory 
and practice. Thus, assuming a production situation with 
unbalanced utilizations of manufacturing resources, the 
effectiveness of different dispatching rules and job release 
strategies are examined using simulation. Results highlight the 
importance of controlled release of jobs to the shop floor and 
the importance of differentiating between bottleneck and non-
bottleneck work centres for purpose of dispatching. 

Keywords-order release; dispatching; batch splitting 

1. Introduction  
Workload Control (WLC) is a Production Planning and 

Control (PPC) approach specifically designed for the needs of 
the make-to-order (MTO) industry and job shop manufacturing. 
It aims at firmly controlling job flow times through the 
production system by means of input/output control decisions 
towards meeting the promised delivery dates.  

Several WLC methods, varying in the degree of 
sophistication, have been described in the literature [1]. A 
common denominator of these methods is the use of a pre-shop 
pool, where the jobs wait for a release decision, and a release 
mechanism [2]. The pre-shop pool can absorb fluctuations in 
the incoming flow of jobs, reduce disturbances caused by order 
cancellations, allow later ordering of raw materials and reduce 
the need to expedite jobs on the shop floor. The release 
mechanism make it possible to control the length of the queues 
on the shop floor, reduce shop congestion and increase load 
balancing among work centres, thus shortening and stabilising 
throughput times [3].  

Past research in the field of WLC, essentially simulation 
based, often assumed that released batches (or jobs) proceed 
through the different stages of processing without being split 
([4] and [5]). 

In contrast, this research investigates how WLC performs 
in shops where batch splitting is applied. Batch splitting allows 
released batches to be split into smaller sub-batches, which 
proceed independently, so that processing of its operations at 
work centres can overlap and its progress accelerated, as 
observed by [6]. Ref [7] also observed that batch splitting has 
great potential for helping improving due date performance. 
Ref [8] examined the impact of batch splitting in shops with 
varying flow dominance and concluded that flow shops are 
more likely to benefit from batch splitting than job shops. Later, 
[9] examined the performance of various release strategies in a 
DBR (Drum-Buffer-Rope) environment. They found that 
significant improvement in shop performance can be realized if 
batch splitting is allowed.  

The remainder of the paper is organized as follows. Section 
II briefly presents the focus of this research work. Section III 
outlines the simulation model and the experimental design 
before the simulation results are presented and discussed in 
Section IV. Finally the concluding remarks and directions for 
future research work are put forward in Section V. 

2. Focus of This Research  
No research is available in the field of WLC that 

investigates how to take advantage of batch splitting for 
reducing delivery times, while maintaining high delivery 
reliability. In response, this research study investigates two 
release strategies, namely immediate release and the periodic 
with intermediate pull release, and three dispatching strategies, 
assuming unbalanced resource (machine) utilizations levels and 
thus the existence protective capacity at non bottleneck 
resources. Experimentations are conducted for a general flow 
shop, which is usually considered as having most in common 
with the real life job shops [10]. 

We seek a better understanding of the impact of release and 
dispatching strategies on the overlapping of operations and thus 
on throughput times. Splitting a release batch into a number of 
smaller sub-batches increases the probability of overlapping of 
operations and allows reducing throughput times. However, 
this is likely to require additional time being spent on setups, 
which may negatively affect performance, especially if these 
setups are on the bottleneck resources. Thus overlapping of 
operations and setup avoidance can be seen as competing 
objectives.  

While protective capacity and setup times can be studied 
across different levels, only one level is studied here because 
the purpose of this paper is to provide exploratory results. 
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3. Simulation Study  
A simulation study has been set up using Arena® software 

to answer the research questions. During simulation 
experiments, data were collected under steady-state. The length 
of each replication was 30000 time units with a warm-up 
period of 4000 time units. The average values of 100 
independent replications are presented as the result of one 
experiment. Common random numbers were used as a variance 
reduction technique. 

A. Simulation Model
We consider a six work centre general flow shop [12] with 

two bottlenecks and a single machine per work centre. The 
simulation model was kept simple to avoid interactions that 
might inhibit the full understanding of the effects being studied. 

As jobs arrive to the production system their due date, 
routings and operation times are identified. It is assumed that 
all jobs are accepted and materials are available. As in 
previous studies [11] due dates are set using the TWK rule, 
Due Date = TNOW + c.TWK, where TNOW is the arrival 
time of the job, c is a constant and TWK is the total work 
content of the job. The value of c was set such that 
approximately 25% of the jobs were tardy under immediate 
released and first-come-first-served (FCFS) dispatching. This 
value was found to be suitable to show the relative behaviour 
of control strategies. 

Jobs inter-arrival times follow an exponential distribution, 
with the number of operations per job drawn from a discrete 
uniform distribution with a minimum of 1 and a maximum of 6. 
Six types of jobs are considered, each of which with an equal 
probability of being assigned to an arriving job. Released 
batches or jobs are split into smaller equal size sub-batches, 
which are then independently processed through the shop floor. 
The number of sub-batches in each release batch is drawn from 
a discrete uniform distribution with a minimum of 2 and a 
maximum of 4. Sub-batches are moved from one work centre 
to the next for processing without waiting for the entire job to 
be processed at the earlier work centre and thus allowing 
successive operations of a job to be processed simultaneous. 

On the shop floor capacities of machines remain constant 
over time. Processing times were drawn from a truncated 2-
Erlang distribution with a maximum that equals four times the 
mean value. The mean processing time at the bottleneck work 
centres was set to 1 time unit. The routings and processing 
times ensures that the average utilization at bottleneck work 
centre is 90% under FCFS dispatching and at the non-
bottleneck work centres is 80% of the utilization of the 
bottlenecks work centres. Each operation requires one specific 
work centre and return visits to same machine are not allowed. 
The setup-to-processing time ratio was set to 0.2 (20%). Setup 
times were assumed to be deterministic.  

B. Experimental Design and Parameters Settings
The experimental factors and simulated levels considered in 

this study are summarised in Table I. The release strategy was 
tested at two levels and dispatching was tested at three levels. 
These results in a full factorial design with 6, i.e. 2x3 
combinations of settings. Combinations involving the 

controlled release of jobs have been run at 10 workload norm 
levels, in order to generate performance curves. The resulting 
total number of simulation experiments was 33. 

TABLE I. EXPERIMENTAL FACTORS AND LEVELS. 

Experimental factors Simulated levels

Job release strategy IMR  PPR 

Dispatching strategy S1 S2 S3 

Worload norm levels Infinity, 14, 11.9, 10.1, 8.6, 7.3, 6.2, 5.3, 4.5, 3.8 

Two release strategies were investigated in the study, 
namely: Immediate Release (IMR) and Periodic with 
intermediate Pull Release (PPR) [5]. In the former, jobs are 
released into the shop floor as they arrive, which means 
uncontrolled release of jobs to the shop floor. In the latter, jobs 
are considered for release accordingly to its urgency and 
released only if the resulting workload does not exceed 
predefined workload norms. A planned release date (PRD) is 
determined for each job in the pool, by subtracting the planned 
throughput time of each work centre in the routing of the job 
from the job’s due date. Jobs are then selected for release 
according to the PRD. At fixed periods of time the workload at 
work centres is computed and the decision to release one or 
more jobs from the pre-shop pool is taken. Workload is 
accounted by the corrected aggregate load approach. The 
corrected aggregate load has shown to be a robust and an 
effective approach, see [12]. Pull releases also may take place 
between periodic releases, every time the workload of any 
work centre falls to zero. In this case, only those jobs within 
the pre-shop pool that have the first operation at the starving 
work centres are considered for release. The selected job is not 
subjected to workload norms.  

Priority dispatching influences the pattern of batches 
progress through its processing stages on the shop floor. Three 
dispatching strategies were considered in the study, namely: 

� S1: The earliest Planned operation Starting Time (PST) 
rule is applied to all work centres;  

� S2: The Setup Oriented Planned operation Starting 
Time (SOPST) rule is applied at the bottleneck work 
centres, whereas the PST rule is applied at the non-
bottleneck work centres; 

� S3: The SOPST rule is applied to all work centres.  

Note that PST acts by giving priority to the jobs that 
become most urgent at each work centre. It is a commonly used 
rule within WLC (see e.g. [5]) and is focused on reducing the 
variation of the lateness across jobs. The PST of a job j at work 
centre v is determined as follows: 

����� = �� � 	 �

����
   (1) 

Where Tw is the planned throughput time at work centre w, 
Sjv is the set of work centres in the remaining routing of j after 
work centre v and dj is the due-date of job j.  

SOPST was recently introduced by [5]. It scans the queue 
for a job of the same type of that being processed. If no job is 
found, the job with the shortest PST is selected. 
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Workload norms were tested at 10 levels of restriction 
including infinity, tightness steps were of 85%.  In addition to 
workload norms levels, WLC requires a number of other 
parameters to be specified for job release, namely [13]: planned 
throughput times for each work centre, a release period length 
and a time limit.  

The planned throughput times Tw were obtained based on 
the realised throughput times in preliminary simulation runs. 
These runs also indicate that there is no important change in 
performance due to adjustments in Tw. 

In all simulation experiments involving periodic release of 
jobs to the shop floor the release period length was fixed at 1 
time unit. This parameter defines the time interval between job 
release activations and thus the release frequency.  

A time limit is usually used to prevent jobs from being 
released too early. It allows defining the set of jobs in the pre-
shop pool that can be selected for release each time job release 
is activated. In the experimentation the time limit was set larger 
enough to avoid needlessly retaining jobs in the pool and thus 
to avoid increasing system throughput times, see e.g. [13]. 

4. Simulation Results  
This section examines the results of the simulation study 

described in the previous section. System performance is 
primarily measured by two types of criteria: the ability to 
provide shorter delivery times and the ability to deliver jobs on 
time. Performance measures used with regard to the former are 
the total throughput time (TTT), the release batch throughput 
time (TRB), the sub-batches throughput time (TSB). Performance 
measures with regard to the latter are percentage of tardy jobs 
(Ptardy) and the standard deviation of the lateness (StD lateness).  

TTT is the time a job (or batch) spends waiting in the pre-
shop pool plus the release batch throughput time TRB. This 
refers to the time that elapses between batch release and batch 
completion. Note that with batch splitting a release batch is not 
completed until all sub-batches that belong to the release batch 
are fully processed. TSB refers to the average throughput time a 
sub-batch spends in the shop floor.  

An overview of performance values, with 95% confidence 
intervals, for dispatching strategies under immediate release is 
presented in Table II. Results can be summarised as follows: 

� Strategies S2 and S3 allows reducing throughput times, 
TSB, TRB and TTT, relatively to strategy S1 (PST 
dispatching). These are setup oriented rules focused on 
avoiding setups and thus reducing machine utilisation 
rates, and therefore throughput times. The former 
applies the SOPST rule at the bottleneck work centres 
and the PST rule at the non-bottleneck work centres. 
The latter applies the SOPST rule to all work centres.  

� Strategies S2 and S3 also result in a lower percentage 
of tardy orders when compared with S1, even if the 
SOPST rule tends to increase the size of processing 
batches, and thus the variation of the lateness across 
jobs as observed in Table II. 

� The best overall dispatching strategy under immediate 
release is S2. It results in identical throughput times to 
that of strategy S3, while ensuring the lowest 
percentage of tardy jobs, i.e. about 5.3%. SOPTS 
minimizes the time spent on setups at the bottleneck 
work centre, while PST allows incurring in additional 
setups at the non-bottleneck work centres, which have 
additional capacity, by giving priority to jobs that 
become most urgent.  

Note that once IMR is applied, jobs do not wait in a pre-
shop pool and thus the TTT and TRB are equal. 

TABLE II. PERFORMANCE RESULTS UNDER IMMEDIATE RELEASE 

Perfomance  measure Strategy 1 Strategy 2 Strategy 3

TSB 10.4±0.13 8.6±0.07 8.4±0.06 

TRB 11.0±0.13 9.3±0.07 9,0±0.06 

TTT 11.0±0.13 9.3±0.07 9.0±0.06 

Ptardy (%) 7.8±0.43 5.3±0.19 6.8±0.19 

StD lateness 7.7±0.19 8.1±0.08 9.4±0.07 

Next we investigate the influence of controlled job release. 
Figures 1 show results of the periodic with intermediate pull 
release (PPR) method. A logistic performance curve was 
developed for each dispatching strategy, S1 to S3. Results are 
compared with IMR. 

The percentage of tardy jobs, total throughput time and the 
standard deviation of the lateness are plotted as a function of 
the average throughput time of release batches. A marker on a 
curve is the result of simulating the release method at a specific 
workload norm level. The right-hand mark on each curve refers 
to an experiment with infinite workload norms, i.e. meaning 
periodic unrestricted release. Tighter norms result in shorter 
release batch throughput times. Thus, the horizontal axis on 
each figure reflects the norm tightness level. Results can be 
summarised as follows: 

� From this curves it can be observed that controlling 
order release accordingly to the PPR method 
significantly reduces the percentage of tardy orders, 
relatively to IMR, even if it results in a high standard 
deviation of lateness, especially for tight workload 
norms. This essentially results from delaying orders in 
the pre-shop pool before release when workload norms 
are tightened. 

� The same as under IMR, dispatching strategy S2 
results in the lowest percentage of tardy jobs when 
PPR is in place, particularly for tight workload norms. 
Likewise, strategy S1 also shows the worst 
performance for the percentage of tardy orders, but 
only for infinite or extremely loose workload norms.  

� The best control strategy, resulting in the lowest 
percentage of tardy orders with the lowest batch 
throughput time, consists of combining PPR release 
with SOPST dispatching at the bottleneck work centre 
and PST dispatching at the non-bottleneck work 
centres, i.e. S2.  
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Figure 1. Simulation results: (a) percentage of tardy jobs; (b) total thoughput 
time and (c) standard deviation of lateness. 

5. Conclusions  
This paper presents the results of a simulation study of 

releasing and dispatching strategies in a general flow shop with 
unbalanced resource utilizations.  

Results highlight the importance of differentiating between 
bottleneck and non-bottleneck work centres for purpose of 
dispatching. Dispatching strategies that tend to increase the size 
of processing batches (i.e. setup oriented) should be applied at 
the bottlenecks work centre, while dispatching strategies that 
support the overlapping of successive operations of a job, and 
that may result in additional setups, should be applied at the 
non-bottleneck work centres. These work centres by definition 
have excess of capacity, which may be used to deal with the 
additional setups. 

Results also indicate that controlled release of order based 
on the periodic with intermediate pull release method performs 
better than immediate release for both the percentage of tardy 
orders and throughput times. 

Additional research is needed involving other shop 
configurations to increase understanding of the workload 
control concept in production systems with unbalanced 
resource utilizations and batch splitting. In particular the 
exploration of bottlenecks at different routing positions shall be 
evaluated in future work. 
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Abstract—The quality of service in the public sector has been a popular issue over the past two decades. All over the 
world, many governments and international organizations have set up some awards to evaluate the service performance 
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1. Introduction  
The quality of service in the public sector has been a

popular issue over the past two decades. All over the 
world, many governments and international organizations 
set up some awards to evaluate the service performance 
of the public sector and encourage public organizations to 
devote themselves to improving their service quality. For 
example, in 2003, the UN General Assembly initiated the 
United Nations Public Service Awards. In Europe, the 
European Public Sector Award was launched in 2007 by 
the Bertelsmann Foundation together with the European 
Group of Public Administration (EGPA) and the 
University of Administrative Sciences in Speyer. Besides 
these international public service awards, there are also 
public service awards in many countries respectively. In 
Australia, the annual National Awards were established in 
1986 and managed by the Department of Regional 
Australia, Regional Development and Local Government. 

Over the past three decades, the New Public 
Management has swept the world, and its impacts on the 
reforms of Australian public sector have been especially 
well-known and admitted. For the public sector 
authorities of other countries, the practices and 
experiences of Australia have been considered important 
references. This paper argues that, the quality award is 
one of the effective incentives to promote the service 
quality of organizations and by analyzing the public 
service award in Australia, we could understand the 
efforts the Australian public sector has made on the 
quality of service in recent years and get some inspiration.
This is the main motivation for this paper.

This paper is structured as follows. There have been 
some researches on the topic of the public sector quality 
awards, so the first part of the paper synthesizes the 
existing relevant studies. The second takes the National 

Awards for Local Government in Australia as an example 
to present briefly its development and current statement. 
The third section is the main part of this paper, and we 
will analyze important characteristics of the National 
Awards for Local Government, such as award themes, 
selection criteria, evaluation process, etc. Finally, a
conclusion will draw together the main contents 
mentioned and point out some possible solutions to 
improve the present award mechanism. Besides, in the 
end of this paper the author will propose some directions 
for further studies on this topic.  

2. Litteratue Review
In the field of public management, there have been 

some studies about the award mechanism of the public 
sector. For example, Bovaird and Löffler map existing 
pieces of evidence against an impact assessment 
framework and identifies the research gaps to be 
addressed by the academic community and public sector 
organizations [1]. Entwistle and Downe identify three 
tensions in the operation of the Beacon model and 
conclude that the relative persistence and success of the 
Beacon idea, in local government at least, is more a 
function of its effects on aspiration and morale than its 
concrete contribution to learning and improvement [2].  

Hartley and Downe examine a major English award, 
the Beacon Scheme, and focus on its attractiveness to 
applicants. The research constructed a database of
applications and awards of the local authorities over six 
years and using interviews and observation. The analysis 
examined trends over a changing policy context, along 
with differences in application rates across authorities and
perceptions of the scheme. The analysis is used to 
construct criteria by which the attractiveness of award 
schemes and their effectiveness in service improvement
can be conceptualized [3]. 
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Borins discusses the possible impacts of recognition 
and awards programs. The paper sets out how a 
benefit-cost analysis of any award could be undertaken, 
showing the significance of time required by applicants 
among the cost factors, and concludes with 
recommendations about how better to manage a number 
of the elements of awards, such as publicity, the 
composition of selection committees, the award itself, 
feedback given applicants, and a department's 
comprehensive portfolio of awards [4]. 

Wu, Ma, Su, Yang empirically analyze types and 
distributions of public sector innovations in China by 
examining more than 100 winners and finalists of the 
'Innovations and Excellence in Chinese Local 
Governance' Awards Program. The results show that 
managerial, service and collaborative innovations are the 
main types of innovation in the Chinese public sectors, 
though technological and governance innovations are 
emerging. State and party agencies at the city and county 
levels in eastern China appear more innovative than their 
counterparts in central and western China [5].

According to the presentation above, we can find that 
the award mechanism of the public sector in Australia has 
been rarely mentioned by researchers. So, this paper can 
help us understand how the public sector award program 
functions in Australia.  

3. Presentation of the National 
Awards for Local Government in 
Australia [6]

The National Awards for Local Government recognize,
reward and promote the innovative work of local 
governments across Australia. The year 2012 marks the 
26th year of these national awards. The Awards are run by 
the Department of Regional Australia, Local Government, 
Arts and Sport. Australian Government Departments 
sponsor different categories of Awards. For example, the 
category of the Innovative Infrastructure Development is 
Sponsored by the Australian Government Department of 
Infrastructure and Transport. 

It’s a pity that the information about the National 
Awards for Local Government on the official website is 
not sufficient, but this paper still tries to do its best to 
collect the related information as much as possible.

Judging the National Awards for Local Government in 
2012 involved a two-step process. The first step was the 
judging of the category awards. In 2012 there were 16 
categories were set up to judge applications in each 
category.

The following questions and criteria are asked of all 
project:  (1) Innovation: What aspects of the project 
demonstrate something new? (2) Process and planning:
What is unique about the process used to develop the
project? For projects that directly affect the community 
and other stakeholders, how were those parties involved?
(3) Benefits: What are the benefits of the project? Who 
benefits and how? (4) Transferability: What aspects or 
components of the project could be adapted or adopted 

for use by other Councils?
Some criteria for evaluating the projects submitted by 

local governments differ by categories. For instance, 
according to the national reports in 2002-2003, the 
projects in the category of the Sustainable Development
-Tourism Development should have: (1) stimulated 
economic growth and helped business generate 
employment; (2) maximised the market exposure of an 
existing attraction or region; (3) included a strategy to 
improve the competitiveness of the region's tourism 
product; (4) included a study of tourism-dependent 
businesses to identify benchmark indicators and to 
measure the economic effects of tourism; (5)  included 
strategies to improve the competitiveness of the region's 
tourism product.

The categories of the awards reflect the fields the 
Australian governments focus on in recent years. We find 
that there are some important issues the authorities care 
about for a long time and these issues comprise the 
dimensions as follows: 

The first one is the emphasis on the rights of minorities
such as women and the youths. These categories are 
sponsored by the Australian Government Department of 
Regional Australia, Local Government, Arts and Sport,
and by the Australian Government Department of 
Education, Employment and Workplace Relations
respectively. The winning projects in recent years reveal 
that many issues are related to labor and employment.
Besides, the indigenous people's affairs are also 
emphasized by the authorities. Indigenous culture, social 
values, customary practices and aspirations are expected 
to be recognized and respected.

The second one is the emphasis on the sustainable 
development. The sustainable development is a hot issue 
worldwide. The categories such as Asset and Financial 
Management, Energy Smart, Innovation in Natural 
Resource Management, Land-Use Planning - Addressing 
Disaster Risk and Enhancing Resilience relate to the 
ecological, environmental, economical dimensions. 

The third one focuses on the public service and 
infrastructure. The projects in these categories aim to 
ensure and provide a better life for citizens such as Active 
Arts, Excellence in Alcohol Management, Rural and 
Remote Health, Improving Services to Remote 
Communities, Innovative Infrastructure Development,
etc. 

4. Analysis of the characteristics of 
the National Awards for Local 
Government in Australia

After the brief presentation of the National Awards for 
Local Government in Australia, we try to find out some 
important characteristics and analyze them as follows: 
� A. The importance of the collaboration among 

different units
In recent years, the collaboration among regions 

sponsored by the Australian Government Department of 
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Regional Australia, Local Government, Arts and Sport
has been listed in the categories of the award. This award 
recognizes non-capital city councils collaborating on a 
regional basis with other councils, Regional Development 
Australia (RDA) committees, the community or other 
bodies to strengthen investment and development 
opportunities, share resources, build regional competitive 
advantage and create jobs. In fact, the ideas and the 
results about the collaboration in other categories have 
been very common. For example, in 2011, the award of 
the category “Excellence in Alcohol Management”
recognizes councils who work collaboratively with their 
community to respond to local alcohol issues.
� B. The use of information and technology on the 

work of innovation
Generally Speaking, technological innovation can help 

result in improvements in service delivery and cost 
control and make the user interfaces more friendly. From 
the details about the winners in 2011, we found that most 
of them knew well how to use the latest information 
technology on their innovative works. For instance, the 
project winning the National Award for Excellence was 
the Frankston Student Discount Card Scheme (Splash 
Card). This project was an excellent example of local
government using modern technology to engage its young
adults and gather information to connect them with local
jobs and other services.
A. The attention of the awards team to the new public 

issues
Compared to the past years, in 2012, local councils 

were given the opportunity to enter a number of new 
categories including Active Arts, Energy Smart, 
Excellence in Road Safety, Improving Services to Remote 
Communities, Innovation in Natural Resource 
Management, Land-Use Planning, Rural and Remote 
Health and Strength in Diversity. This means that the 
public affairs related to these fields become challenging 
problems and are more and more valued and the Awards 
Team pay great attention to the needs of citizens and then 
revise the categories of awards.  

Besides, the new category “Active Arts” means that the 
spiritual life of citizens is emphasized as well as the
material life by local governments. 
� C. The source of innovation from the low level of the 

public sector
This award is exclusively for the local governments 

and aims to encourage them to devote themselves to the 
innovative service. This award implies that compared to 
other levels of governments, local governments play a 
vital role in the life of citizens and they are the main 
sources of the service innovation. They are responsible 
for not only the delivery of services, but also building 
communities, planning for future challenges and
strengthening partnerships beyond council boundaries 
with business, community and all levels of government.
So, it is important to tap into local input to develop 
creative solutions to address emerging social, economic 
and environmental issues.

� D. Organizations of the small size can also do well 
on the innovation of public affairs 

According to the data in 2012, the 27 category winners 
were judged by independent judging panels and include 
11 winners from small councils with fewer than 15,000 
rateable properties. This result shows that, although it is 
considered that larger administrations should have more 
budgets and resources to undertake the innovative work,
the size of the local government doesn’t definitely reflect 
the ability to finish it. Smaller public organizations can 
still do well if they have good ideas and put them into 
practice well. 

5. Suggestions for improving the 
award mechanism

This paper helps us to understand the panorama of the 
National Awards for Local governments. However, during 
the process of the literature collecting and the paper 
writing, we find that the Awards Team should improve the 
the award mechanism on some aspects as follows:   
� A. The disclosure of information about the award 

activities should be improved
The Department of Regional Australia, Local 

Government, Arts and Sport has made a column for the 
National Awards for Local Government on its website, 
and people can consult the media releases and the projects 
of award winners in recent years. However, some 
information that people can get from the website are 
limited. For example, we would like to understand the 
latest evaluation criteria of every category but failed. The 
only clue is from the data 2002-2003 on the website. As a 
result, the Awards Team should pay more attention to the 
disclosure of information, and then other countries will 
easier know it.  

Besides, the Awards Team should also pay more 
attention to internal and external communication and 
awareness raising of citizens to let more people know the 
contributions the public administrations have made on 
public affairs innovation. 
� B. The emphasis on cost savings in the service 

delivery
We have mentioned that the projects are evaluated by 

the dimensions such as innovation, process and planning,
benefits, and transferability, etc. Nowadays, the pressures 
on public finance faced by public organizations are 
serious in many countries. To understand the ability of 
public organizations to well on the resource allocation 
and financial management, the Awards Team could add 
some criteria about the balancing cost change with 
change in service standards. By the award mechanism, 
more and more public organizations would emphasize the 
efficiency of fiscal control of the results achieved by the 
limited public expenditure. 
� C. To continue to pay attention to the application in 

other public organizations
From the presentation before, we know that the Awards 

Team evaluates what aspects or components of the project 

Copyright © 2012 SciRes. 31



could be adapted or adopted for use by other Councils
during the evaluation. After the award ceremony, the 
Award Team should continue to pay attention to the 
results of innovation transferring. That is to say, it is 
important to care about whether the ideas of winning 
projects could be effectively imitated and learned by other 
public organizations. The Awards Team should continue 
to release the news and reports about the application of 
the winning projects in the next several years.

6. Conclusion
In the future, researchers could do some further studies 

on the issues of public service awards. For instance, 
researchers could do comparative studies to analyze the 
public sector awards among different countries in order to 
get the latest worldwide development of the public 
service innovation and to learn the experience of one 
another. Besides, the Awards Team could also do some 
surveys on the officers, public servants or citizens to 
understand their attitude and views toward the projects 
participating in the Awards. To sum up, the topic of public 
sector awards is still worth researching.
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Abstract—The fashion clothing E-marketing is an
important part of the fashion sales. E-marketing brings wider 
world for the clothing sales. This paper analyses the 
characteristics, the promotion method, and development
suggestions of fashion clothing E-marketing. To sum up, the 
mature development of E-marketing promotes the 
development of the fashion clothing marketing.
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1. The Conception of and Relationship 
between Fashion Clothing and E-
Marketing
A. The Conception and Characteristics of Fashion Clothing

Generally, the clothes with novel styles and contemporaries 
are called fashion clothing. Fashion clothing must be composed 
of several fashion elements such as fashion style, fashion color, 
fashion pattern, etc. The fashion of clothing is a kind of social 
phenomenon and a kind of cultural, economic activity which 
transcends borders. It expresses people’s favor of some styles, 
colors, fabrics, ways of dressing, etc. These elements are 
becoming a kind of expansive, epidemic phenomenon in whole 
society by people imitating of each other. The more notable the 
features of fashion clothing are, the more it shows a diverse era 
of pursuing personality and fashion.

The novelty, short-lived, popularity, and periodicity are the 
features of fashion clothing. Novelty is the most notable 
characteristic of fashion. Fashion is based on the psychology of 
consumers’ pursuing of change and new expression. People 
hope to break through tradition and longer to approve of fresh. 
This, to clothing, mainly showed in the changing of style, 
fabric and color. So it’s important to know people’s 
psychology of caprice and requirement of seeking difference. 
Fashion clothing can’t fashion for a long time. If a kind of 
clothing is accepted by most people, it denies the novelty of 
fashion clothing. Then people tend to seek for new kinds of 
clothing and the fashion clothing will be abandoned which 
means the recession of the fashion clothing. Only if the 
clothing is accepted by most target consumers can they be 
really fashion. Generally speaking, a dressing style which 
experienced the process of rise and decline will turn up in a 

new look after several years. As this is the periodicity of 
fashion clothing.

B. The Conception and Effect of E-marketing
E-marketing is a new way of marketing management which 

is based on internet, using digital information and interaction of 
network media to achieve marketing purpose. Simply put, E-
marketing is a kind of marketing activity which uses internet as 
its main means to achieve certain marketing purpose.

E-marketing appeared after the present intermediary media 
such as newspaper, magazine, email, phone, television, etc. is a 
high technology media with powerful characteristics and 
adapts to the development of information age. It substantially 
takes advantage of internet to follow the tracks of the process 
of production marketing as pre-sale, sale and after-sale which 
includes market research, consumer analysis, product 
development, implementation of sales strategy, information 
collection and feedback etc. E-marketing is the product of the 
development of information technology. It is a business 
process which is based on modern marketing theory, using
network technology and function in maximum to satisfy 
customer demand as to expand market and increase profit.

C. The Relationship between E-marketing and Fashion
Clothing
Clothing E-marketing is a kind of clothing marketing 

activity which, clothing marketer, puts potential exchange into 
reality via modern communication technology and internet. E-
marketing is closely related to fashion clothing. It is a 
marketing method which introduces the theories and practices 
of E-marketing to the field of clothing and applies network 
technology to the design of clothing.

Clothing E-marketing mainly conveys the image and 
fashion elements of the products. This is especially effective to 
the fashion clothing which has particular functions or forms. 
Popular clothing is special in E-marketing because of their 
features of novelty, transience and so on. E-marketing caters to 
fashion clothing, as a result, the fashion clothing have a better, 
faster development, dissemination and sales.
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2. The Situation and Features Analysis of 
Fashion Clothing E-Marketing
D. The Current Situation of the Domestic Clothing E-

marketing
The development of the fashion industry in our country is 

relatively, to other industries, in the medium level. According 
to statistics, nearly 55% clothing enterprises in coastal 
developed areas have established their enterprise websites.
However, the rest in these areas has not realized the importance 
of the construction of enterprise website. And in the Midwest, 
the number of enterprises with websites is less than 15% on 
average. Zhejiang, Guangdong, Shanghai, Jiangsu and Beijing 
are respectively in the top five, followed by Hunan in the
absolute number of enterprise websites. The utilization rate of 
fashion industry is not high, but with the rise of Taobao, Paipai 
and Moonbasa, more and more individual operators begin to
involve in the E-commerce marketing. Since 2002, there are 
tens of thousands of online shops opened including about 20% 
fashion clothing.

E. Fashion Clothing E-marketing Features 
� The Speed of Fashion Clothing E-marketing. The 

efficiency of fashion clothing is short-lived. It’s about 
3 months to a year. The changes of fashion elements 
and fashion cycles are becoming faster and faster. 
However, E-marketing has catered to the features of 
fashion clothing. The sales channels of E-marketing 
promote the speed and convenience of clothing trades. 
And this greatly shortens the cycle of new products 
facing the market. It’s more and more convenient for 
the propaganda of products, buying patterns, payment 
patterns, feedback after sales etc.

� The Space of Fashion Clothing E-marketing. The final 
goal of marketing is to possess market shares. E-
marketing can exchange information beyond space 
restrictions with which marketing without space 
restrictions becomes possible and enterprises have 
more time and space on marketing. And to some extent, 
it avoids regional restrictions.

� The Popularity of fashion Clothing E-marketing. The 
traditional way to disseminate information has great 
limitations in the face of the public. Generally, it’s
difficult to spread in extensiveness because of the 
effects of geographical location, cultural differences, 
social background, language environment etc. While 
E-marketing can find audiences, the specific form of 
audiences, all over the world by the advanced 
technologies. Thus, E-marketing can take enterprises to 
the field of electronic business and expand market at 
home and abroad.

� The Rich-media of Fashion Clothing E-marketing. The 
internet can transmit a variety of media information 
such as texts, voices, images, etc. So the information of 
the trade can exist and exchange in many forms. And it 
can motivate the creativity and initiative of the 
marketer. It is convenient for propaganda since it has 

strong visual and auditory impact on consumers which 
can win deep impressions.

� The Personality of Fashion Clothing E-marketing.
Fashion clothing differs from man to man. Customers 
have their own preferences and they also have to 
consider of dressing and wearing effect. Fashion 
clothing market is more targeted and has more 
personality. E-marking avoids the disturb of marketer’s 
strong sales which can be one-to-one, rational, 
consumer-leading, unforced, progressive as well as low 
cost and humanized. It builds long-term good 
relationships between marketers and consumers while 
by communicating through information.

� The Interaction of Fashion Clothing E-marketing. By 
showing the pictures and information of fashion 
clothing products on internet, it offers relevant 
references to realize the interactive communication 
between designers and consumers. In addition, it may 
also take the test of dressing effects and consumers 
satisfaction survey and so on. Network offers the best 
tool for the joint-design of popular clothing, the 
products launch as well as all kinds of technology 
services. This is convenient for designers to grasp 
market trend and satisfy customers maximally.

� The Growth of Fashion Clothing E-marketing. With 
the maturity of the E-commerce environment in our 
country, the development of on-line shopping is 
entering into its golden time and the E-marketing sales 
of fashion clothing increases every year. Clothing 
enterprises and marketing teams are all updating
marketing networks and building information systems. 
‘The petty bourgeoisies” have gradually got their
scales to lead a new era of network consumption. In 
addition, the category differentiation in clothing field 
has not stopped especially the creativity of fashion 
clothing which is more in accord with the consumers’ 
psychology of shopping. And the E-marketing of
fashion clothing also has a huge development space.

� The Advancement of Fashion Clothing E-marketing.
The network is the most powerful marketing tool 
which includes various functions like channel, 
marketing, E-trade, interactive consumer service as 
well as marketing information analysis and 
supplication. It’s this feature of the network that makes 
fashion clothing spread efficiently in an effective time.

� The High Efficiency of Fashion Clothing E-marketing.
The Internet has stored a lot of information to help 
consumers to search, inquire, analyze, compare and so 
on. It’s easy to comply with the market and the 
demands of customers can be known effectively by 
updating products, classifying marketing or adjusting 
prices in time.

� The Economy of Fashion Clothing E-marketing. E-
marketing takes the exchange of information via 
internet instead of bartering in the past. The network 
can be used to launch information of the fashion 
products, transmit graphs, display products, put 

1.Scientific research project of Quanzhou Normal University: "Fashion 
network communication and marketing research" (item: 2009KJ08).
2.Construction Funds of Master Degree Awarded Unit of Quanzhou Normal 
University.3.Fujian university key project construction service routines "The 
port logistics information platform construction, Haqixi prefecture",Project 
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34 Copyright © 2012 SciRes.



advertisements and communicate with consumers. E-
marketing can reduce the cost of labor, printing, 
transport and delivery; can sale products without any 
real stores or rents; can save the cost of electricity and 
labor; and promote the efficiency of the deal by 
reducing the losses of circuitous exchange. Thus, the 
cost of E-marketing is one tenth in the comparison 
with relevant traditional business channels and practice 
in the same scale. And the strength of economy of 
operating cost in trade stands out.

3. The Promotion Model of Fashion 
Clothing E-Marketing
F. The Marketing Website Model

The Web site is a kind of marketing tool based on the 
Internet and almost all large and medium-sized enterprises and 
global institutions have set up their own Web sites to o attract 
as many page views as possible which meet the demand of 
users as well as make their own profits. To fashion clothing E-
marketing, first, most of the brand clothing enterprises have
their own official marketing web sites for launching the latest 
goods in time and realizing on-line shopping directly; Second, 
there are many professional marketing web sites which sale 
clothing mainly or at the range of clothing sales as Fashionmall, 
Amazon, Vancl, Moonbasa, etc. which also spread and sale the 
most fashion clothing. Third, some large professional clothing 
sites offer the information about the newest rag trade, such as 
the Global Textile, France Textile Information, Canada Leather, 
China fashion Brand, Chinese Export Trade, Chinese Clothing 
Brand etc. which provide chances of convenient trade to 
enterprises with enterprises, enterprises with consumers.

G. The Online Store Model
Except the function of sale products via network, online 

store is an efficient E-marketing tool as well. There are E-
commerce models like BtoC (Business-to-Customer) and CtoC 
(Consumer to Consumer). And there are online store platforms 
like Taobao, Tmall, Paipai, leho, etc. which are specially 
constructed for individuals or enterprises. Online store offers 
advantages for enterprises to expand online sales channel. In 
addition, the online shop which set up on the famous E-
commerce platform increases customer's trust. It’s a kind of 
complement for the enterprise web which lacks of the function 
of E-commerce and it not only has good effects to promote the 
image of the enterprise but also combine the enterprise web 
with online store.

H. The Search Engine Model
The search engine is a system used for collecting various 

information resources on the Internet and then feed back the 
results to system according to users’ search requests. The 
search engine marketing is a new kind of E-marketing model, 
which has been comprehensively and efficiently used for E-
marketing and promotion via search engine. Search engine 
marketing pursues for the highest cost performance, which is to 
get the most page views from search engine and produce 
commercial value with the smallest input. Clothing enterprise 

improves the popularity of its enterprise clothing brand through 
the famous Google, Baidu and a series of search which makes 
it break into the fashion market quickly to take the initiative.

I. The E-advertisement Model
Clothing advertisement is a kind of persuasive information 

spreading activity on the related clothing products or the 
clothing brand images by clothing manufacturers or dealers or 
other advertisements subject to payment via the network 
information with features of payoffs, dependence and
commerciality. Almost all the E-marketing activities are related 
to the brand images and the effect of E-advertisement is the 
most direct one among all relevant marketing methods about 
brand promotion.

J. The mailing list model
The mailing list is the earliest community form on the 

internet and an important tool in the internet which is used for 
the exchange and publishing of information among groups. The 
mailing list is a kind of E-mail marketing form based on the 
principle of users’ permission which means users are free to 
join and exit. E-mail marketing sends the sales promotion to 
users directly while mailing list achieves marketing goals by 
providing users with valuable information.

K. The BBS Communication Model
People used BBS for all kinds of enterprise marketing 

activities at an early age. BBS communication is a kind of E-
marketing activity which is used for enterprise to post its
products and service information on the network 
communication platform---BBS by text, pictures, video, etc., so 
that the target customers can know more about the products 
and service of the enterprise, and finally, to achieve the goal of 
propagandizing the enterprise brand and deepening the market 
cognition. BBS activity has strong capability to gather folks 
and almost all of the marketing appeals can be realized 
effectively through the BBS spreading since the topics of BBS 
are very open.

There are well-known BBS at home and abroad such as 
Chuan Zhen Yin Xian clothing BBS, Chinese Clothing BBS, 
Chinese Apparel People BBS, Spider Fashion Conception and 
so on. The setting-up of different columns or layouts and uses 
of the high popularity of BBS can offer enterprises or 
individuals with efficient marketing spreading services. The 
professional BBS posts to offer the spreading of fashion 
clothing, the communication of designers, the appreciation of 
fashion collection, the discussion of competition, and the 
realization of marketing activity, etc. in the BBS space. It
breaks through the traditional E-commerce model, uses the 
high popularity of community web sites and seeks for the new 
marketing model.

L. The online chat model
The software such as QQ, MSN, TALK, CHAT, etc. with

strong timeliness are the kinds of "one to one" private 
communication, which may be interconnected via locations of 
the Internets at random and at the same time. The biggest 
characteristic of them is their function of real time 
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communication on line with "peer-to-peer", "face-to-face". The 
core of spreading is verbal and non-verbal. Verbal
communication is through text mainly and non-verbal 
communication is by E-face, video, pictures and voice, etc. It’s 
a kind of multimedia spread.

QQ group and chat room are "one-to-many" which are 
convenient for announcing news, spreading information and so 
on. The group or chat room can be established for the social 
groups which have common hobby such as fashion designers, 
fellowship of relevant enterprises, trade flows, fashion 
predictions, professional communication, etc. These innovative 
Internet services and shifting value-added services have 
profound effects on people’s economic life and bring huge 
economic profits to the enterprises as well.

M. The Viral Marketing model
The viral marketing is a common E-marketing method.  It

doesn’t transmit virus in real but use the principle of public 
praises which spread rapidly like virus and use  the way of fast 
copy to convey information to thousands of, millions of 
audiences. Thus, viral marketing becomes a high efficient way 
of information spread. 

Viral marketing is almost free since it spreads among users 
spontaneously. This spread way of fast copy caters to the 
features of fashion clothing, so it has effects which can’t be 
ignored in fashion clothing E-marketing.

N. The Link Exchange Model
The link exchange is a simple cooperation between two 

web sites which has certain complementary strengths. It puts
the web site logo or key words of each others and sets the 
hyperlink on their own home page or inner sheet so that users 
can see their own web sites on the cooperating web site so as to 
achieve the goal of mutual promotion. The link exchange is 
helpful to attract customers who are surfing the net, to get page 
view, to increase the impression in users’ browses, to add 
advantages in the rank of search engineer, to increase the trust 
of visitors via the recommendation of cooperating web site.

Link exchange lies in the cognition and approval in the 
industry. The portal nets of clothing enterprises increase visitor 
volume so as to speed up the spread of new fashion clothing 
products.

O. The E-marketing Alliance Model
The present E-marketing alliance is at developing stage in 

our country which has obtained good effects. The alliance 
includes advertisement owners, website owners and advertising 
alliance platform. The advertisement owners offer reasonable 
expenses to website owners according to the real effects of 
online advertisement. The fashion clothing enterprises and 
marketing departments can develop the sale by applying this 
kind of propaganda. This kind of marketing model can save the 
costs of marketing, boost popularity, expand the influence of 
apparel products and improve the quality of E-marketing.

P. The Group purchase Model
The group purchase is a very fashion shopping way in 

recent years which has experienced the stages of rise, climax, 
decline and steady. The group purchase is a kind of marketing 
model which gathers the manufacturers, retailers, customers to 
the group purchase websites or group purchase navigation 
websites letting them communicate without distance about the 
products design and creativities transform to realize the sale 
and service of the products.

Lashou web, Wowotuan, Meituan, etc. are the relatively 
famous webs which include some information about fashion 
clothing. Customers get favorable prices by shopping in group 
which are lower than buying separately. It’s similar to form a 
small wholesaler by different people to get the wholesale price. 
The discount price attracts a large number of consumers to rush 
into the ranks of the group. 

Q. The Microblog Marketing Model
The microblog marketing uses the platform of microblog to 

do a series of marketing activities which include brand 
promotion, event planning, personal image packaging, product 
propaganda, etc. By registering a microblog in the name of 
individual, group or enterprise in the famous web site, they 
may update their own microblogs to communicate with the 
public or join the topic which is the interest of the public so as 
to achieve the goal of marketing.

Generally, the microblog of clothing enterprise has the 
features of rich pictures, video materials and huge impact of 
demonstrations. It can arouse the public attention through 
attention and forwarding; catch consumer’s eyes through 
product experience and street shooting theme; publish some 
fashion information to increase attention or use the popular 
events for marketing. Similarly, clothing enterprises, 
individuals and groups can establish their own microblog, by 
updating their dynamics to accumulate consumption group, to 
make the communication between consumers and retailers 
more smoothly, offer more convenient channels of fast clothing 
commodity information to the enterprise.

4. The Suggestions of Fashion Clothing E-
Marketing
R. Grasping the Features of Fashion Clothing and

Responding to the Market Demand Quickly
The popularity of apparel commodity cycle is relatively 

short, through E-marketing with faster spreading speed in a 
wide range of region can urge the exchange to realize the value 
of enterprises and meet the demands of consumers. From this 
perspective, E-marketing has relatively unique advantages 
when compares with the traditional marketing.

The success of an enterprise does not just rely on 
innovation but more on quick response. As for the fashion 
industry which is famous for its timeliness, ‘timeliness’ and 
‘seasonality’ consist of the notable features of clothing 
commodities and enterprises have to do information feedback 
efficiently, respond to market sensitively in the promotion of 
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fashion clothing commodities so as to stand steadily in the 
more and more fierce market competition.

S. Protecting Consumers Interests and Ensuring the Security 
of Network
Network security includes personal login identity, 

individual account, and capital condition, email address, 
network activities trace and users’ privacy information; the 
more important is consumers’ account safety in the transaction. 
The relevant departments and enterprises should strengthen the 
development and application of electronic money payment
system, improve its safety and reliability, and gradually make it 
mature and standardized. To promote the networked 
development of banks, to establish the full equipped electronic 
payment system in electronic trading payment and settlement 
means, it’s necessary for the government to work out 
corresponding policies, laws and regulations for online 
shopping and protect online consumers.

It’s an obligatory responsibility and obligation of clothing 
enterprises to ensure the security of network and protect the 
legal interests of consumers on the E-marketing.  Only if 
clothing enterprises indeed, cogently protect the security of 
network can they reduce the risk of network and ensure the 
healthy and rapid development of E-marketing.

T. Strict Self-discipline, Enhancing Supervision, and 
Improving the Quality of Clothing Products
The biggest hardship consumers meet in the online fashion 

clothing shopping is the quality of the product. The information 
and pictures on the web sites can’t reflect the quality of the 
product objectively. Therefore, the enterprises and sellers 
should be in good faith, self-disciplined, and ensure the quality 
of fashion commodities, transact with each other with good 
faith and mutual benefits. In addition, the relevant departments 
should improve supervision and speed up the construction of 
legal system of E-marketing to protect the interests of online 
shopping consumers so as to make consumers feel relieved to 
buy pleasing commodities.

U. Improving Sales Service System and Protecting
Consumers’ Rights and Interests
The key point of E-marketing is to improve the quality of 

customer services on the net in order to achieve customers’ 
satisfaction and loyalty, improve the efficiency of the 
marketing. The process of E-marketing service can be divided 
into pre-sale, sale and after-sale services. The pre-sale service 
mainly provides all sorts of relevant information services such 
as product propaganda and introduction and offer information 
through virtual E-market. Consumers compare prices and 
requirements and get products information in detail, promotion 
methods, logistics selection, etc. by exchanging information. 
The sale service includes trade negotiation, contracts execution
or orders submission, and dealing with the relevant formalities 
before the trade, etc. The after-sale service includes 
performance of the transaction agreement, quality assurance, 
service and claim, etc.

It’s one of the biggest worry of consumers online shopping 
because most of the retails are not perfect in the aspect of after-

sale service in the fashion clothing E-marketing. It is important 
to deal with the return or replacement of goods, compensation 
and quality warranties, etc. perfectly when consumers have 
encountered any practical problems. The competition of after-
sale service directly decides the success or failure of 
enterprises’ marketing. Except good products, good after-sale 
service has become a kind of core competitiveness of 
enterprises and the enterprises shall take into account their
quality of after-sale service seriously.. 

V. Setting up Network Interactive System and Improving
Network Business Environment
The exchange of apparel commodity E-marketing results 

from good interaction. The interaction appears continually 
throughout the whole process of clothing E-marketing which is 
based on the demands of consumers. By using text, audio and
video, the network interactive system displays the style, color, 
material, structure, contour, decorative detail, technology level 
and matching of clothing, offers online searching,
communicates with consumers actively on the net in time, and
take assessment and investigation of consumer satisfaction 
survey after service.

Lack of real environment and atmosphere of market, 
authenticity of the pictures and blurry of the effects are some 
problems in fashion clothing E-marketing. The clothing
enterprises shall establish "virtual gallery" or entity shop to 
show the images of the products, use vivid images in the net to 
make consumers feel personally on the scene, choose models to 
demonstrate the commodities by multi-aspect which can 
stimulate consumers’ desire to buy, offer facilitating conditions 
to improve the quality and quantity of consumers’ shopping.

W. Enhancing Technology of the E-marketing and Improving 
the E-commerce Trade Platform
The current clothing E-marketing stays in a low level like 

poor technology, low network utilization rate, negative 
efficiency and so on. Enterprises and vendors should
strengthen the construction of the web site, make novel layout, 
make it substantial in content, make it convenient to use, and 
reflect the spirit connotation of the commodities. And they 
shall also increase the investment in E-fitting technology, set 
up online fitting room or introduce fitting software to solve the 
problems of consumers’ experience and feeling and reduce the 
risk of changing or refunding. Consumers can see their images 
of getting the clothes by the fitting software so as to determine 
purchase intention. Besides, enterprises and vendors should 
enhance background database technology, integrate interactive 
database marketing mechanism, develop and improve interact 
E-marketing system, provide complete automatic application 
mechanism, and use the features, interaction and real-time 
response of network.

The enterprises and vendors should select, design, develop 
and lead-in the E-commerce platform of E-marketing, combine 
the sales data of E-commerce platform and the enterprise’s 
ERP(enterprise resource planning),SCM(supply chain 
management) via efficient exchange of information data to 
increase efficiency, save costs and integrate as well as apply 
enterprise’s resources.
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5. Conclusions
There are many benefits of E-marketing and there are 

various marketing models. The potential of our domestic 
clothing E-marketing is so great when compared with 
European and American countries where most of clothing 
retails are by E-marketing. While clothing E-marketing has 
been accepted by part of people as a new way of marketing, 
when it comes to the network popularization, the growth of its 
internet users and the consumption ability of the users, it still 
remains a huge market space to be expanded.

As a kind of special commodity, the E-marketing of the
fashion clothing has both general and special features. The 
speed, convenience and 24-hours service of clothing E-market 
is beyond comparison with other real market. It breaks through 
traditional business obstacles. And it has big attractions and 
influences on consumers, enterprises and markets.

Definitely, the current fashion clothing E-marketing also 
has some problems on technology, hardware, consumer’s 
psychology, delivery, etc. Thus, it’s important to combine with 
the traditional fashion clothing marketing and E-marketing so 
as to display their respective merits and reach an ideal "win-
win" model in the new economy era. 
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Abstract— Over the last fifteen years the construction of 
modern expressways in Slovenia has been one of the major 
construction projects aimed at connecting important parts of 
the country and opening them to Europe. Almost half of 
Slovenia is karst and more than half of the water for the 
supply of the population comes from karst aquifers. Slovenia 
is home to the classical karst region of Kras that gave its name 
for this unique carbonate rock landscape to numerous world 
languages and is also the cradle of karstology. We need to 
better understand this fragile karst landscape and do 
everything to preserve it since it is an important part of our 
natural and cultural heritage. 

Keywords-expressways planning; karstological 
monitoring; karst protection;  Classical Karst; Slovenia  

1. Introduction  
Special attention is devoted to Kras, a karst plateau rising 

above the northwesternmost part of the Adriatic Sea that is 
bordered on the southwest by a vast flysch area with elevations 
exceeding 600 meters. Lying between 200 and 500 meters 
above sea level, the plateau covers 440 square kilometers and 
in a broad sense belongs to the Outer Dinaric Alps. From the 
viewpoint of the theory of tectonic plates, the plateau lies at the 
northern deformed edge of the Adriatic plate and is the result of 
tectonic overlapping. Only Cretaceous and Paleogenic rocks 
are found here. They are characterized by exceptionally varied 
limestone that mostly formed in relatively shallow 
sedimentation basins with lush fauna and flora. On the Kras 
plateau there are no remains of the surface waters used in the 
past to explain the development of the plateau. Originally, the 
plateau was surrounded and covered with flysch and therefore 
flooded. Vertical percolation was minimal. The water table 
later dropped several hundred meters into the karst. At the 
contact between the carbonate rock and flysch, surface waters 
created characteristic and extensive contact karst. Today, all 
Kras rivers sink where they flow from flysch onto limestone 
bedrock and flow underground toward the springs of the 
Timava River in Italy. The largest stream is the Reka River, 
which sinks in the Škocjan Caves, while 65% percent of the 
water sinks from the surface in a dispersed fashion. From the 
ecological standpoint, Kras has one of the most vulnerable 
natural systems in Slovenia. 

The low karst of the Dolenjska region is mostly covered 
with a variety of alluvia under which a unique karst surface 
formed with stone forests as one of its most distinctive features. 
The water table is often just below the surface, and the valley 
systems are occasionally flooded. 

Karst areas also developed in the breccias that formed from 
the scree on the slopes of Mount Nanos. They lie on more or 
less permeable flysch, and water flowing at the contact carved 
the largest caves in this area. 

For a number of years, karstologists have cooperated in the 
planning and construction of expressways in the Kras region [1, 
2]. In the selection of expressway and railway routes, the main 
consideration is the integrity of the karst landscape and 
therefore the routes chosen avoid the more important surface 
karst features (dolines, poljes, collapse dolines, karst walls) and 
already known caves. Special attention is devoted to the impact 
of the construction and use of expressways on karst waters. 
Expressways should therefore be impermeable so that runoff 
water from the road is first gathered in oil collectors and then 
released clean onto the karst surface. 

We studied the impact of traffic routes on karst waters and 
determined the contents of polluted water flowing daily from 
the expressways. Small quantities of stagnant water found in 
caves along the expressways contained traces of mineral oils. 

During the construction of expressways we also perform 
karstological monitoring. We study newly revealed karst 
phenomena as an important part of our natural heritage and 
advise on how to preserve them if the construction work allows 
it. At the same time our new findings are of great help to the 
construction companies. We have acquired a number of new 
findings on the formation and development of the karst surface, 
epikarst, and the perforation of the aquifer. 

2. Exploring the Karst Surface and New 
Caves during Expressway Construction  

The removal of soil and vegetation from the karst surface 
and of course major earthworks such as the excavation of cuts 
and tunnels reveal surface, epikarst, and subsoil karst features. 
Our task is to study these features as part of the natural heritage, 
advise on how to preserve them, and of course share our new 
findings with the builders. These findings are used to overcome 
construction obstacles. 
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The karst surface is dissected by dolines and unroofed 
caves. Dolines are a sign of the current shaping of the surface 
by precipitation water that percolates vertically through it and 
passes through the vadose part of the aquifer to the 
underground water. Some dolines are more distinctly filled 
with soil than others. There are shafts and fissures at their 
bottoms through which water flows. The soil must be removed 
from the dolines and their bottoms reinforced with rocks 
arranged in a vault-like pattern; the mouths of shafts are often 
smaller than the chambers beneath them. The dolines are then 
filled with layers of rubble. Unroofed caves have a similar form 
or are more oblong. These are old caves that appear on the 
surface due to the lowering of the karst surface and no longer 
have the upper part of their circumference. The fine-grained fill, 
in this case old cave alluvia, must be removed and replaced 
with rocks and rubble. Otherwise, water could gradually carry 
the alluvia away and cause subsidence on the surface. 

The epikarst is crisscrossed with fissures that are more 
distinctive in Cretaceous limestone and less so in Paleogenic 
limestone, and many of them open at the bottoms and slopes of 
dolines. In most cases they are filled with soil and their walls 
are dissected with subsoil rock relief forms. Due to the 
lowering of the karst surface, many shafts are now located just 
below the surface. 

More than 350 caves were opened on the 70-kilometer 
section of expressway built in Kras in the last few years. 
Relative to the development of the aquifer, we distinguish 
between old caves through which watercourses flowed when 
the karst aquifer was surrounded and covered by flysch and 
shafts through which water vertically percolates from the 
permeable karst surface to the underground water. The deepest 
shaft found measured 109 meters. Some old caves are empty, 
almost two thirds of them are filled with alluvia, and one third 
are unroofed caves. 

Caves are opened when vegetation and soil is removed 
from the surface, and a large number of caves were opened 
during the excavation of cuts. Blasting caused their roofs to 
collapse, and cross sections of passages were preserved in 
embankments. The most shafts were opened at the bottoms of 
dolines when the soil and alluvia were removed. 

We studied all the caves, drew their plans, determined their 
shape, examined the rock relief, collected samples of alluvia 
for paleomagnetic and pollen analyses, and sampled flowstone 
for mineralogical analyses and age determination. We 
extrapolated the further extent of the caves on the basis of their 
shapes and the geological conditions, which is especially useful 
for road builders. 

3. Studies that Accompanied 
Construction Produced New Findings on 
Karst Development  

The unroofed cave is a special and frequent karst form. 
Today, this significant karst surface feature is a familiar 
phenomenon, but it had not been thoroughly studied before the 
construction of the expressway across Kras. Great attention has 
been devoted to unroofed caves since the occurrence of this 

phenomena turned out to be considerably higher than 
previously expected, and numerous articles on unroofed caves 
and the construction of new expressways are now available. 
The shape of an unroofed caves is the consequence of the type 
and shape of the cave and the development of the karst aquifer 
and its surface in various geological, geomorphological, 
climate, and hydrological conditions. The distinctiveness of the 
surface shape of an unroofed cave is dictated by the speed at 
which the alluvium was washed out of the cave relative to the 
lowering of the surrounding surface. If the speed was low, we 
can often see soil and vegetation or areas of alluvium and 
flowstone on the surface; where it was faster, unroofed caves 
on the karst surface resemble dolines, a string of dolines, or 
oblong depressions. Frequently they are an interweaving of 
various old forms such as caves and recent shaping of the karst 
with dolines and shafts. 

A large proportion of the caves were filled with alluvia, in 
most cases fine-grained flysch alluvia with intervening layers 
of gravel. We took alluvia samples for paleomagnetic research 
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originated in the Olduvai period. We therefore concluded that 
the caves were filled after the Messinian crisis approximately 
5.2 million years ago.  

In short, unroofed caves are an increasingly recognized 
feature of the karst surface, an important part of the epikarst, 
and an exceptional trace of the development of the karst aquifer. 

Determining the age of the alluvia helps us understand the 
oldest periods of karstification and has proven that the oldest 
caves in Kras are much older than earlier karstologists thought. 

4. Planning Road Construction  
Before construction starts we verify the accuracy of known 

data about caves in the field and add possible new 
measurements and explanations of their development. To throw 
light on the situation we present existing data on perforation of 
the aquifer and elaborate prognosis subsurface maps with 
special emphasis on the anticipated lithological and tectonic 
changes in rock composition and structure. Before the start of 
construction work we try to present the perforation of the karst 
as accurately as possible. We can determine the position of 
underground caves by drilling, and along with measurement 
indicators we also determine the type of potential fill material 
(flowstone, alluvia). To a certain extent we can anticipate the 
shape, type, and occurrence of caves in the vicinity using our 
knowledge of the known surface and underground features. 

Perforation (Fig. 1) puts a special stamp on the construction 
of expressways in the Kras region. In addition to its varied 
development, Slovenia’s karst is marked by tectonic and 
lithostratigraphic diversity and it is therefore difficult to 
determine in advance where caves will occur. As a rule, caves 
occur more frequently along the contacts of flysch with 
limestone. The perforation of the karst aquifer is therefore 
determined primarily on the basis of good and comprehensive 
knowledge of the karst and continuous intensive work in 
planning and constructing the expressways. 

When planning expressways, the link between surface and 
underground karst features requires the karstological evaluation 
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of the karst surface as well as the karst underground, the 
hydrological situation, and the presented variables. On all the 
expressway construction sites in Kras we encountered 
numerous karst phenomena including dolines, filled and empty  

 

Figure 1. During the construction many caves of different shape and size 
open and dictate further appropriate building works. 

caves, and sections of old and current drainage systems 
through the karst. The lowering of the karst surface exposed 
many karst caves that are now visible in the Kras region. In 
recent years, we have focused on unroofed caves “discovered” 
during the construction of expressways. We are certain that a 
quality karstological study of the area where a road is planned 
enables the better selection of a route and is one of the basic 
starting points for planning expressway construction in this 
unique and vulnerable landscape. 

We begin by assembling published literature, archives, and 
various unpublished studies to learn about the surface karst 
features, and thus identify dolines, collapse dolines, and other 
morphological features in particular. Through a field survey we 
establish the starting points for mapping the areas of the 
selected route. In the field, we evaluate different types of rock 
from the karstological aspect. On theme maps we present the 
known entrances to underground caves and supplement them 
with potential new entrances. We anticipate the branching of 
underground cave systems on the basis of surface mapping and 
explanations of the development of morphologically identified 
unroofed caves visible in the relief. On the basis of surface 
mapping we also consider possibilities for dumping waste 
material if necessary. 

We know from experience that during construction every 
route crossing Kras will sooner or later encounter underground 

caves or parts of cave systems. To a certain degree we can 
predict the shape and type of caves using our knowledge of 
surface and underground phenomena. We trace the caves in the 
wider area of the traffic route, determine their type, position, 
and role in the aquifer, their shape, rock relief, the alluvia and 
flowstone found in them, and present them on suitable maps. 
To make the maps easier to read, we present the previous data 
on the perforation of the aquifer and elaborate predictions with 
special emphasis on anticipated lithological and tectonic 
changes in the rock.  

Due to the special characteristics of carbonate rock, karst 
rivers and stream that sink in the studied area easily find direct 
routes into the underground (karst aquifer); it only takes them 
an hour to percolate through 100-meter thick rock beds. 
Although the flysch rock beds in Kras found in permanent 
direct contact with carbonate rock are often presented as 
exclusively impermeable beds, it must be emphasized that the 
flysch (often in thin beds) is only an isolated lens lying on 
permeable carbonate rock. Furthermore, it must also be 
observed that a smaller number of underground conductive 
channels do occur in flysch and that precipitation water 
collecting on flysch runs off onto carbonate rock. We therefore 
undertake hydrological mapping in the field. For this purpose 
we delineate and define the basic characteristics of 
hydrogeological units in the wider route area, identify 
hydrological objects (captured and uncaptured springs, surface 
streams, water caves, boreholes, measuring stations, etc.), and 
establish the physical and chemical properties of springs. When 
necessary we perform tracing experiments during low and high 
waters, primarily to determine the direction and velocity of 
underground flows in the wider area of the traffic route. With 
the results of field mapping and tracking experiments, we 
elaborate and upgrade the existing hydrogeological maps, build 
a database on the state of the environment, and assess the 
impact of the construction on karst waters. 

The basic guidelines for planning traffic routes include: 

-the selection of a route shall be based on a comprehensive 
assessment of the karst with emphasis on local features; 

-the selected traffic route shall avoid specific exceptional 
karst features; 

-the conservation of karst aquifers shall be one of the 
priority goals of planning.  

5. Preserving as Many Karst Caves as 
Possible  

The shafts were easiest to preserve and concrete plates were 
used to close the smaller entrances. It was similarly possible to 
preserve old caves with solid circumferences but caves located 
in fractured rock or opened during blasting had to be filled. 
Rock walls were used to close caves crossed by road cuts with 
entrances on embankments. Their circumferences were 
fractured to such an extent that they were unsuitable for 
visiting, and water could wash clay from caves filled with 
alluvia and deposit it on the roads. One well preserved cave 
was left open for travelers crossing the border with Italy to visit. 
The most interesting and best preserved caves were completely 
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secured and made accessible for visiting even though they were 
located under the expressway or even wound around a tunnel. 
They are accessible via concrete culverts closed at the roadside 
and in the tunnel with a door (Fig. 2). 

 

Figure 2. Preservation of caves. a. In road cuts the caves are hidden behind 
rocky scarps. b. The caves lying below the road with narrow mouth and if 

their rim is not too much damaged by blasting are covered by concrete lids. c. 
In the side of the tunnel pipe there is a special door leading to the caves. 
Below traffic belt caves are connected with large concrete pipes. d. Karst 

openings (bottom of dolines, tops of shafts) are often reinforced by arches of 
big rocks poured over by concrete. 

We also studied the consequences of blasting in caves, 
which will help us in road construction and the preservation of 
karst features in future. 

6. Protecting the Karst during 
Expressway Construction and Use  

Experience acquired tracing waters and accidental spillages 
of various substances on the karst surface drew attention to the 
great perforation of the karst aquifer, which the number of 
caves newly discovered during construction confirmed. Low 
permeability occurs only on individual relatively small patches 
such as the bottoms of dolines heavily covered with soil 
washed usually from a larger surrounding area, dolines on the 
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transformed into ponds during rainy periods, and smaller 
patches of clay that filled old caves. Maximum precautions 
must therefore be employed during both the construction and 
use of roads. Daily traffic leaves numerous environmentally 
harmful substances on road surfaces, and mineral oils were 
found in stagnant waters in caves located near traffic routes. 
Due to these findings and the persistence of karstologists, 
expressways are made to be impermeable. Pipes and gutters  
along the roads lead to wastewater collectors. Untreated water 
should never reach the permeable karst surface and the 
specifications for drainage systems must meet this requirement. 
The existing wastewater collectors are often too small and 
abundant precipitation can easily wash the sediments from 
them. 

7. Conclusion  
It is clear that the cooperation of karstologists in the 

construction of expressways in the Kras region has brought 
positive results. It is important that karstologists participate in 
the planning and construction of expressways and later that 
they monitor the impact of the expressways on the environment, 
that is, throughout the entire process of encroachment on the 
vulnerable karst landscape. This logical cooperation helps 
preserve natural heritage and increase our basic knowledge 
about the creation and development of karst and about the 
construction of expressways in this unique environment. There 
are many types of karst and each requires a unique approach, 
which calls for permanent and continuous cooperation between 
road builders and karstologists. Over the last ten years, the 
cooperation between the planners and builders of expressways 
and karstologists has resulted in knowledge used in the 
planning and implementation of other encroachments in karst 
areas. 
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Abstract:This paper takes the advance-payment 
collection business based on the logistics financial as the 
research object, on the assumption that the logistics 
enterprises pay the price with their own money,and the 
shipper repurchases the goods unconditionally when the 
delivery breaks rule. From the point of logistics enterprises 
to quantitative analyze its key indicators of risk 
management and control - advance payment rate, 
expectations for providing a scientific basis of decision 
making for the business risk of logistics enterprises in 
China, in order to solve the outstanding contradictions 
between a lot of money tied up in inventory and difficulties 
in financing of SMEs,and provide a decision support from 
the side of  management techniques. 

Keyword: logistics financial; advance-layment collection 
business ; advance payment rate 

1. Introduction  
There is a saying in the G20 summit held this 

year,saying that if you can find a key to increase 
employment, go out of the poverty and financial crisis of 
the world , then this golden key must be the healthy 
development of SMEs,so we can see the SMEs’ great 
importance to global economic development. However, 
currently, the difficulties in financing of SMEs has become 
a big bottleneck that restricting economic development 
significantly, although the banks and other financial 
institutions have adequate capital, face the shortage of funds 
for SMEs, only have the "prudent loan refused credit 
crunch" attitude. In recent years, with the rapid 
development of logistics industry,in order to find new profit 

growth point, logistics enterprises innovative value-added 
services and develop many new business model of funds 
shortage  for SMEs continuously, based on the theory of 
logistics financial. At present, some large logistics 
companies have started to provide logistics financial 
services, for example, Since 1999 the China Logistics 
jointly with the banks developed the first inventory pledge 
financing business , to the present, it has been cooperated 
with the Industrial and Commercial Bank, Construction 
Bank, Agricultural Bank , Merchants Bank and more than a 
dozen financial institutions, To carry out the inventory 
pledge financing business, release credit to SMEs and solve 
the financing problem. 

Because of its expertise, logistics companies have a 
great advantage in providing the logistics financial services. 
Drawing on the successful experience of UPS, logistics 
companies develop the advance-payment collection 
business can solve the financing problems of SMEs 
effectively. Currently there are some third-party logistics 
companies started trying to do payment collection business, 
such as postal EMS, home delivery, JiaJie fast delivery, etc, 
but no one has combined the advance and payment 
collection services.This paper is based on the 
deficiency,trying to study the decision-making problems of 
logistics companies when they carry out the 
advance-payment collection business.   

2. The Development Status of 

Advance-Payment Collection Business  
Advance-payment collection business as a business 
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model of logistics financial services provided by logistics 
companies,there are few literature devoted to the study both 
domestic and foreign. But in the practical application, it had 
indeed been well developed. The most successful is the 
UPS,in the advance-payment collection business, when 
UPS carry the shipment for shipper, it paid half of the 
advance payment for the delivery,then the delivery paid all 
the money to logistics companies when it receives 
shipment.Before UPS give the other half money to the 
shipper, it proceeds a time difference of capital movement, 
this part of the funds is in a deposition before the delivery 
period. During the precipitation period, UPS received a sum 
of money without interest.Then UPS utilizes the funds for 
loans through its own financial institutions, and the 
borrowers are still limited to UPS’ customers or delivery 
business. This business model not only accelerate the 
customer's working capital turnover, improve the client's 
financial situation,but also save the inventory holding costs 
and cost of operating logistics services network for 
customers. 

Domestic research mainly focused on the payment 
collection business. Feng Xia analyzes the development 
status and bottleneck of payment collection business carried 
out by TPL in China,give some related suggestion for TPL 
to carry out payment collection services. Wong Ka Kui and 
Chen Fulai take the healthy development of postal-delivery 
payment collection business into consideration, analyze its 
problems and the reasons for these problems,and explore 
solutions to these problems. Wang Junfeng also stand on the 
position of the postal, from the "dark hole" which hidden 
behind the postal business operation mechanism , proposed 
the "two major difficulties" and causes that restrict the 
development of the business,and discussed how to break the 
"two difficulties". What we can see from the research has 
been studied is that they are mainly discuss the problems 
and solutions of payment collection business simply, not 
analyzes its benefits and risks of the parties involved deep, 
perhaps it is because the unreasonable distribution of 
benefits and risk-sharing,that lead to a variety of problems. 
Therefore, this paper considers the logistics companies 
provide both advance payment and payment collection 
services (ie, advance - payment collection business), 
quantitative analyze its key indicators of risk management 
and control - advance payment rate, expect to provide a 
scientific basis of decision making for the business risk of 
logistics enterprises in China, and provides new ideas to 

solve the outstanding contradictions between a lot of money 
tied up in inventory and difficulties in financing of SMEs.

3. The Model Analysis of 

Advance-Payment Collection Business  
A. Advance - payment collection operations
processes

 Figure 1  Advance - payment collection operations processes 
Shipper and logistics companies signed a 

commission entrusted with the collection and distribution 
contracts , and deliver the goods to logistics companies;

 Logistics enterprises advanced by a certain 
percentage of the purchase price to the shipper according to 
the value of the goods;

 Logistics enterprises deliver the goods to the 
delivery on time; 

 Logistics enterprises give the remaining payment 
to shipper after deducting freight and procedures fees in a 
certain period(usually for 30 days).  

B  Logistics enterprises risk and benefit analysis
a) Benefit analysis 
In this business model, in addition to get cargo 

transport and other traditional logistics services fees, 
logistics enterprise also obtain a sum of money without 
interest because of delayed payment. Logistics enterprises 
through advance payment for the delivery and collection of 
money for the shipper to enhance the attractiveness of both 
buying and selling, expand the market share by special 
services and acquire new business revenue. 

b) Risk analysis 
Throughout the course of business,logistics enterprises 

are mainly facing the default risk from the delivery before 
the goods to the delivery, and after the shipper repurchases 
the goods unconditionally when the delivery breaks rule, 
whether the shipper can repay the advances.payment.

4. Advance-Advance Payment 

Collection Service Rate Analysis  
A. Expected return model in both
a)Basic assumptions
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 Logistics companies pay advance payment with its 
own funds;  

When the delivery breaks rule, the shipper 
repurchases the goods unconditionally, and the repurchase 
value is less than the initial value;

 Not consider the risk of default caused by the 
shipper ,such as cargo quality, quantity, etc;

The procedures fees is change with the return time 

change,that is )( Ttbk ��� � ,b is the industry average;

 Assume that the logistics enterprises are 
risk-neutral. 

b) Parameter setting 
TABLE 1   PARAMETER SETTING 

Symbol Meaning Symbol Meaning 

 Advance Payment 

Rate 
 Settlement period 

 

The initial value of 

the goods  

Expected return of the 

shipper 

 The repurchase value 

of the goods  

Expected return of the 

Logistics enterprises 

 The procedures fees 

rate  

One-way freight 

 The cost 

of logistics services  

Probability of default 

by delivery 

 One-year bank deposi

t rate 
 Probability of default 

by shipper 

 Delivery date 

 

Benefits of 

obtaining the cash flow 

advanced for shipper 

c) Expected return model in both
 If the probability of default by the delivery is 

Q ,Shipper repurchase the goods and its probability of 

non-payment is P ,then their expected return 
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 If the probability of paying the full price on time 
by the delivery is 1-Q, then their expected return 

0
)(

000 )()( wCeSCSkCVTE Tta ��	�	� �  

000)( kCVSSE ���  

Comprehensively,their expected return model is  

)1(
))(1()()1()(

0

)(
000

QQPwC
eSCQSkCVQTE Tta

�	�
��	�		� �

(1) 

00

000 )1()()(
PQwCkC

VQCCQSSE
	�

	����
            (2) 

Make )(TE 0, )(SE 0,we get the range of w 

)1(
))(1()()1()()()1(

00

)(
000

0

0000

QCPQC
eSCQSkCVQw

PQC
CCQSkCVQ Tta

�	
��	�		




�	�		 �

                                             (3) 
As the value of w  is determined by the logistics 

companies, first, the logistics companies determine the 
value of w  according to their own income maximum and 
the probability of default by the delivery, then shipper 
determines whether to accept the service according to the 
determined w  and the pressure of their own funding 
needs. 

B  Model analysis

a) Q =1 when the delivery break rule, 

00000 2)( PwCkCVCCSSE 	��	��   (4)          

��wCSkCVTE 000 )(2)( ��	�            (5)           

b) Q =0,when the delivery pay the full price on time, 

000)( kCVSSE ���                     (6)           

0
)(

000 )()( wCeSCSkCVTE Tta ��	�	� � (7)           

7 — 5 ,we can get this 

)1()()( 00
)(

0 PwCVeSCTE Tta ����� �    (8)           

Obviously,the formula (8) is always greater than zero, 
therefore, the logistics companies will be more concerned 
about the delivery‘s default probability for their own 

interests, that is the value of Q . As long as the delivery 

does not default,then they will be able to get higher returns. 
As the logistics enterprises paid some advance payment, 
they abandoned the time value of money ,so the following 
inequality holds on,that is  
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According to equation(9), we can find the value of w .
NUMERICAL  ANALYSIS 

    According to the expression of w  in equation (9) , 
we simulate a group of data to analyzes the values and 

trends of w  when Q and P were collected from 

different values. 

    We let 0c =100000 0v =1500 s =3000 a =3.5%

T =20 t =50  

Analyzes when Q =20% and P=10% 20% 30%

40% 50% 60%, the values of w .By numerical 
computing,we obtain the following results. 

 
Figure 2   The impact of default probability for shipper to the 

value of w  

From Figure 1 we can find that the value of w  

decreases with the increase of P , but the decline was not 
large. 

Analyzes when P =20% and Q =10% 20% 30%

40% 50% 60%, the values of w .By numerical 
computing,we obtain the following results. 

 
Figure 3   The impact of default probability for the delivery to the 

value of w  
From Figure 2 we can find that the value of w  

decreases with the increase of Q , and the decline was very 

large. Comparing Figure 2 and Figure 3, we can show that 

the value of w  is more sensitive to Q , the logistics 

companies will be more concerned about the delivery‘s 
default probability,which is consistent with the conclusions 
of Part IV.

5. Conclusion  
This paper describes the processes of advance - 

payment collection business, analyzes the benefits and risk 
of both Involved, pointed out the major risks facing the 
logistics enterprises is the default risk from shipper and the 
delivery , then set a model through the revenue function, 
solving the key indicators of risk management and control 
of logistics enterprises – advance payment rate,and through 
numerical analysis to explore the impact of the default 
probability from shipper and the delivery on the advance 
payment rate,the conclusion is that the logistics companies 
are more concerned about the delivery‘s default probability. 
This study can provide a scientific rationale to logistics 
companies that carry out advance-payment collection 
business,and show new solutions to shortage of funds for 
SMEs . 
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Abstract—Based on Porter’s Diamond Model, the thesis 
analyzes the influential factors involving competitive power 
of sports industry in Henan Province in terms of productive 
factors, demanding situation, relevant supporting industries, 
strategies and organization as well as competitors of enter-
prises, governmental factors, and opportunities; then it ex-
plores strategic measures to improve competitive power of 
sports industry for the purpose to promote healthy and speedy 
development of sports industry in Henan Province. 

Keywords-sports industry; competitive power of sports 
industry; Diamond Model; Henan Province 

 

1. Introduction  
Sports industry in Henan province has developed step by 

step since 1980s. Although it is late in beginning time, sports 
industry in Henan province develops very fast, with its field 
constantly expanding, its scale constantly enlarging, its quality 
improving, and its benefit obviously increase. Comparing to 
the sports industry in developed provinces, however, its com-
petitive power is weaker, with the following problems: small 
scale, imperfect structure and system and low degree of mar-
ket of sports industry. Based on Porter’s Diamond Model, the 
thesis try to analyze the factors influencing the development 
of sports industry in Henan province, and discuss the strategic 
measure to promote the competitive power of Henan’s sports 
industry. 

 

2. Analysis on Factors Influencing Com-
petitive Power of Henan’s Sports Indus-
try  

Diamond Model is suggested by the famous strategic 
management Michael Porter, who comes from Harvard Busi-
ness School of the U.S. Porter believes that there are four fac-
tors which decide industrial competitive power of certain kind: 
productive factors, demanding situation, relevant supporting 

industries, strategies and organization as well as competitors 
of enterprises and the performance of competitors. These four 
factors have bidirectional effect to form into diamond system. 
(See the following chart) Besides, there are other two affect-
ing factors: government and opportunities [1]. Opportunities 
cannot be controlled, while the governmental policy cannot be 
ignored. Therefore, this thesis analyzes the factors influencing 
the competitive power of Henan’s sports industry and the cor-
relations, so that we could know the current situation of sports 
industry in Henan province. 

 

3. Diamond System Influencing the In-
dustrial Competitive Power of Henan’s
Sports Industry  
A. Productive factors

The necessary productive factors for industrial develop-
ment fall into two kinds: one is primary factor of production, 
that is natural resources, climate, geographic position, un-
skilled or half-skilled labors of our province in sports industry; 
the other is advanced factor of production, including the 

Govern-
ment  

Related industry 
and supporting 

industry  

Strategy, struc-
ture and compe-
titior

Produc-
tive 

Demand 
condition  

Chance  

Creative Education  
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needed communication system, modern transportation, higher 
educational human resources and academic researches of all 
schools and so on. [1] Our province is abundant of labor re-
sources, unique natural resources and distinguishing national 
and traditional sports culture, which form the favorable pri-
mary factor of production for the solid competitive power of 
Henan’s sports industry. However, what matters in enhancing 
the industrial competitive power is the advanced factor of 
production, and our province is weak at that. At the view of 
the development of industrial competitive power, the impact 
of primary factor of production on the advantages of industrial 
competitive power is weaker and weaker; vice versa, the ad-
vanced factor of production is more and more important. 
Therefore, one enterprise can only rely on advanced factor of 
production so that they could have the high level competitive 
advantages of unique products and product technology and so 
on. However, the improvement of advanced factor of produc-
tion is in need of longer time on labor force, abundant and 
continues investment. From the current status of the develop-
ment of Henan’ economy, at the present stage the develop-
ment of Henan’s sports industry still relies on primary factor 
of production. Porter believes that, competitive advantages 
built on primary factor of production are always weak, while 
those based on advanced factor of production can long last. 
Meanwhile, only with continuous creation, the advantages of 
elements could last. [1] The essence of competitive power of 
modern sports industry is the completion of science and tech-
nology. To gain advantages of the international competitive 
power, Henan province must enhance high quality of sports 
industry. Therefore, Henan’s sports industry could not be con-
fined in primary factor of production such as labor resources 
and natural resources, but we could have the aid of advanced 
factor of production such as modern communication, higher 
education human resources and all academic researches and so 
on.  

B. Demanding situation

Demanding situation is the character required by the do-
mestic market on sports industry. In Porter’s Diamond Model, 
he points out that home market is the driving force for the 
industrial development, which could encourage the improve-
ment and innovation of one enterprise. [1] He also believes 
that if the scale of domestic market is sizable, the traits and 
organization of domestic market would affect the understand-
ing of one enterprise and the reflection on the demand of con-
sumers. According to data of investigation, the following is 
the existing feature of home demand in our province: great 
market capacity. But in the progress of cultivating advanced 
market, the demand in lower market is large with the competi-
tion in price, and lack of differences. What’s more, consumers 
do not usually find fault with products. Their taste and idea of 
products are increasing, but the supply of sports industry often 
lags behind their demand. What we also should pay attention 
to is that, because of the uneven consumption ideas of urban 
and rural residents, the total level of sports consumer is gener-
al low, which haven’t formed into creative force for enterpris-
es of sports products. So far, the sports material and service 

products in Henan province takes outcomes of low science 
and technology content and low additional value as principal 
thing. And their industrial competitive power mainly reflects 
in labor-extensive production and management, which is one 
of the factors that leads the barren competitive power of He-
nan’s sports industry. 

C. Relevant and supporting industries

According to Porter’s diamond theory, relevant and sup-
porting industries and advantageous industries shares weal 
and woe, and one advantageous enterprise is not alone, which 
develops with the domestic relevant mighty industries. There-
fore, the main industry develops only when its relevant up-
stream or downstream industries develop. This truth could 
also apply in sports industry. The definition of sports industry 
is one set with many organizations and departments that pro-
vide the productions and service on sports productions, so as 
to satisfy people’s demand on sports event, performing activi-
ties and participating in body-building. [4] The competitive 
power of sports industry could also separate from the supports 
forming by the relevant and supporting industries. In recent 
years, with the steady development of pillar industries in 
sports industry, relevant industries such as sports tourism, 
sports insurance, and sports brokerage industry and so on also 
develop and boom step by step, but facing with great pressure 
and challenges as well. Take sports tourism for example, with 
the rich sports tourism resources; Henan province has suc-
cessfully developed two unique activities of sports tourism: 
National Shaolin Wu Shu Festival in Zheng Zhou,China and 
National Annual Meeting on Shadowboxing in Jiao Zuo, Chi-
na, Shi Ren Mountain all have gained great economic benefit 
and band effect. Many tourism departments see the tremend-
ous business opportunities behind sports tourism. Other prov-
inces cultivate and develop their sports tourism as well, and 
because of the high substitutability of resources, which shock 
the infant sports tourism in Henan province. Thus it can be 
seen that is one of the factors that deters competitive power of 
Henan’s sports industry. 

D. Strategies and organization and competitive patterns of 
enterprises

According to Porter’s diamond theory, the structure and 
management pattern of one enterprise can adapt to the compe-
tition of market, only if its strategies could satisfy the need of 
different customs. The sports enterprises are the core of sports 
industry, and the competitive ability of sports enterprises di-
rectly affects the comprehensive competitive power of sports 
industry. That we could say that the strategic competitive 
power of enterprises is the core competitive power of sports 
industry. [6] With large population, Henan province has a 
tremendous market of sports products, but we do not have 
self-owned brand. What’s even worse, we do not have one 
national famous enterprise, and Henan’s products haven’t 
been seen at the sports Expo. The clothes of famous Henan 
player Deng Yaping have been produced by other provinces. 
Therefore, the urgent problems of Henan’s sports products are: 
how to make full use of the intangible assets, and how to de-
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velop famous products with market potential. Henan’s sports 
industry is weak in enterprise strategies, organization and 
competitive pattern: small scale of enterprises, the low market 
operation, and shortage in high level elites of management, 
poor products creative ability, hard skill creation and poor 
anti-risk ability and so on. 

In Porter’s diamond model, there are two variable factors: 
opportunities and government except the four basic factors. 
Having joined in the WTO, and successfully having held the 
2008 Olympic, gives the sports industry and market in our 
province sever challenges and developmental opportunities: 1) 
beneficial to furthering opening up, which makes Henan’s 
economy adapt to the economic globalization; 2) beneficial to 
capital importing and improvement of capital structure of 
sports industry; 3) beneficial to promoting the adjustment and 
optimize of inner structures of sports industry; 4) beneficial to 
enhancing all kinds of sports enterprises; 5) beneficial to in-
creasing citizens’ sports consumption. 

  The government factor is the last variable one in di-
amond model. Porter believes that government cannot create 
one competitive industry without foundation, and they could 
only lead and manage base on other factors in diamond model. 
[1] The role of government falls on the rational and on-time 
policy of sports industry, completion of laws and rules, their 
supports on sports industry and standardization of sports mar-
ket and so on. Porter’s competitive theory holds that the role 
of government is aiding factor, and we could not weaken gov-
ernment’s role according to the situation and economic status 
in our province. In the contrary, government plays a indis-
pensable part in the process of enhancing the competitive 
power of sports industry.  

From the previous analysis, in a short time span, Henan 
province would maintain the advantages of its primary factor 
of production characterized in labor resources and natural re-
sources, but we are lack of the advanced factor of production 
which has the competitive advantage. Though the potential 
market need of sports industry is large, our sports products 
and service products is still mainly low scientific contain and 
low adding value. They industrial competitive power has an 
expression in labor-extensive production and management, 
which makes the supply, fall behind the need. Besides, the 
weak of relevant and supporting industries has badly affected 
the enhancement of the competitive power of sports industry. 
Government plays an important role in the development of 
sports industry. Furthermore, sports industry faces both op-
portunities and challenges in front of WTO and 2008 Olym-
pic.  

4. The Strategic Measures that Enhance 
the Competitive Power of Henan’s Sports 
Industry  
A. To implement personal-training strategies, and to build a 
team of excellent entrepreneurs  

Talents are the keys to the development of sports industry. 
And the shortage of managing talents has restrained the de-
velopment of sports industry in Henan province. Therefore, all 
levels of governmental sports administrative departments 
should find and cultivate managing talents in all channels and 
forms, in specific; they could organize on-the-job training and 
further education for the managing departments. Also, they 
could recruit managing talents to work in sports operating 
department, and set up operating management majors in the 
sports academies or work with Finance and Economics Col-
leges to set up relevant majors to cultivate comprehensive 
managing talents in sports. So that, we could build a team 
with high quality, well business and familiar with internation-
al sports transaction, which could provide sufficient talents 
and mental support to Henan’s sports industry and the devel-
opment of sports market.  

B. To implement consumption-pushing strategies, and to 
promote the development of sports industry 

Fundamentally speaking, the cultivation and development 
of sports industry depends on the capacity and structure of 
sports consumption, that is, without the enhancement of the 
level of sports consumption, there is no development and 
booming of sports industry, and no to talk about the competi-
tive power of industry. The driving force of the development 
of sports industry is the popular and persistent need of sports 
consumption. In 21 century, citizens in urban parts and some 
advanced rural parts of Henan province, have the ability of 
sports consumption, whether it could convert into actual con-
sumption depends on the national sports ideas and consump-
tion habits. There are several things we should do to imple-
ment consumption-pushing strategies. First, we should grasp 
the opportunities of 2008 Olympic, and lose no time to inspire 
the intentions of sports consumption and transform their con-
sumption idea. Once we have the heat spots in sports con-
sumption, the development sports industry of Henan would 
speed up. Second, we should adopt kinds of ways to increase 
the level of citizens’ sports consumption that is, we should set 
up diversified sports service system, lead and guarantee they 
participate in various fitness activities, and expand the com-
munity sports to draw more people to participate so that we 
could expand the sports market. Third, we should give great 
impetus to the hypostatization of associations, and hold kinds 
of sports activities with the help of associations- increasing 
members, expanding teams and active the sports market. Fur-
ther, we should mating up contains of the teaching reforms in 
high schools and colleges, which add the proportion of enter-
tainment sports projects, and the skills in sports consumption. 

C. To perfect policies of sports industry and to provide neces-
sary policy support

The governmental industrial policies play an important 
role in pushing the development of industry. In recent years, 
sports administrative department have made efforts on the 
policies of setting up sports industry, and they have gained 
primary result. However, there are still shortages of policy 
support in several areas of sports industry, which restrains the 
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development of sports industry. Therefore, government could 
make the base point of policies at leading sports fitness, which 
needs whole set policies with enough investment, construc-
tions of investment in capital, society equity financing, taxa-
tion, sports lottery, and also sports funds, and to form multi-
level  system of policies and good atmosphere for the devel-
opment of sports industry.  

D. Fixed position and to formulate feasible development plan

Body building is the major function of sports, and spend-
ing money on health is the common concept. So providing 
fitness fields and sales of fitness production is one profitable 
market. [8] With large population, the sports consumption 
idea and standard in Henan province has increased, so that the 
situation of fitness recreation industry of sports develops well. 
Comparing to the seaside developed city, Henan province do 
not have high-quality and professional Gyms and can hardly 
carry on some famous sports events. Even some provincial 
level sports events usually have limited influence. That is to 
say, consumption level is decided by economic level, and in 
consumption structure of Henan’s sports industry, the appre-
ciating consumption falls behind participating consumption. 
As improvement of hard condition needs mass capital and no 
fundamental effect in short time, the development of athletic 
show industry of sports should go steady and step by step. 
Under these situations, Henan province should emphasis fit-
ness and entertainment market, and makes the athletic show 
market of sports the leading force, which advocates scientific 
and healthy concept of fitness and adjust their consumption 
structure. Besides, Henan province should also cultivate sports 
production market- to complete and expand the sports lottery 
market, to push forward the sports human resources market 
and to form the sports consultant market. To set up a well 
structured and functional sports market system is the neces-
sary step to optimize the structure of sports industry, and also 
the basic of the development of sports industry. 

E. Take strong precedence to the development of Wu Shu in-
dustry

Henan is the original places of two big sorts of Quan- 
Shao Lin Quan and Tai Ji Quan. It is well known that Shao 
Lin Kong Fu stands out throughout the world, and Shao Lin 
Kong Fu spreads all over the world. Here in Henan, we have 
strong atmosphere of Kong Fu and world-famous Chinese 
Kong Fu, which draw the attention of many Kong Fu fans to 
take part in Wu Shu competitions. The improvement of Wu 
Shu athletics pushes the development of athletic competitions 
and tourism economy forward. So far, Shao Lin Wu Shu of 
Songshan has set up a transnational culture and show media 
company, which performs hundreds of show abroad. Henan 
province also holds an arena contest named Wu Lin Feng, 
which has upheld the spirit of Shao Lin Wu Shu, and created 
great economic benefit. [5] Therefore, we should give full 
play to the advantages and resources of Wu Shu industry in 
Henan province, and develop tourism and training on “Shao 
Lin Kong Fu”. Furthermore, we should explore relevant mar-
kets of sports industry, so as to realize its society and eco-

nomic value in commodity economy society. Around Deng 
Feng city and Wen County in Jiao Zuo city, we draft shows 
and training of Wu Shu athletic competition and lay down the 
production and sales of Wu Shu production, and the develop-
ing measures of Wu Shu tourism. Last, we should advance the 
international competitive power of Henan’s sports industry at 
the breakthrough point of Wu Shu industry. 
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Abstract- Chinese Long River Delta has three Women 
Football Teams. The present situation of Chinese Long River 
Delta Women Football Team attending the 2005 spring train-
ing was investigated and studied through question-
naires,observations and visiting. The present management 
system fund sources, basic conditions of the coaches and 
players in the Chinese Long River Delta Women Football 
Teams are clear. It was found that at present the management 
system of Shanghai and Jiangsu Women football teams are 
come up to the professional management system. But Zhe-
jiang Women football hasn’t been very well popularized. An 
orderly system of succession hasn’t been formed. The unsta-
ble coach population requires to be trained and to raise their 
level. And their manage policy and measures is insufficient 
compare with Shanghai and Jiangsu women football team.

Keywords- The Chinese Long River Delta ;Women 
football ;Present situation

1. Introduction
Chinese Long River Delta is one of the areas with fastest 

development of economy and largest total economical scale 
in our country. Total GDP in 2009 is the first super-trillion 
U.S. dollars, accounting for 21.4% of China's GDP, ranking 
11th in the world. October Games Group score in three prov-
inces of the sport's overall strength is that Shanghai is No.5, 
Jiangsu is No.3, Zhejiangis No.8, which is in the forefront. 
Shanghai Women's movement has been in a leading position 
in China, who received nearly 30 national championship. In 
2009's October Games, Jiangsu Women have made consider-
able progress, accessing to adult runner-up. Moreover, in the 
youth group games below 18 years of age, Jiangsu has got 
women’s football championship, Shanghai women’s runner-
up, Zhejinag women’s acciss to twelfth. According to Hai-
geng spring training in 2010 with three teams during this se-
ries of studies, the three provinces should be based on re-
source sharing, complementary advantages, mutual benefit 
and common development, jointly promote the development 
of the Yangtze River Delta Women's Movement, play the 
Yangtze River Delta geographical region and economic ad-

vantages, and learn the successful experiences of the rapid 
rise of the Jiangsu team in order to improve the overall level 
of the Yangtze River Delta Women and jointly promote the 
development of the movement of women's football as a way 
to explore China's overall development status of their football 
development of reference.

2. Subjects and Methods  

A.. Subjects 

The subjects are the three women's football team in 2010 
by the Chinese Football Association Women's organizations 
in Kunming Haigeng national women football camp in 
Yangtze River Delta ( Shanghai TV station SVA women's 
football, Jiangsu China and Thailand women's football, Zhe-
jiang Hangzhou West women's football).

B. Methods

1)  Literature data method We provide reference basis for 
text analysis through accessing to literature data so as to 
understand the domestic and foreign scholars on women's 
football development research status. 

2)  Questionnaire survey method 

After the questionnaire reliability, validity and related 
statistical test, we issue related  questionnaires to three teams, 
coaches and athletes. Both recovery rate and efficiency were 
100%.

3) Questionnaire Survey Method

We exchange forum with the coaches of three teams and 
study the correlation between interview and communication 
with the leadership of the Football Association, Institute of 
experts, professional football coaches during the research and 
writing of women's football training period. 

4)  Questionnaire survey method 

We statistically process and analyze the investigation of 
the acquired data.
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3. The Results and Analysis  

A.. The Basic Situation of the Yangtze River Delta Region 
Women's Football

1). The Shanghai Women's Football

The team was founded in 1984. In December 27, 1998 
they changed its name to Shanghai based women's football 
club. The first team is the Shanghai SVA women's football. 
Shanghai based women's football has been the China's first-
class women's football team for many years, and in the do-
mestic competition it has made a brilliant record. Especially 
since the club was founded in 2000, 2003, 2004, the team has 
won the National League three degrees, championship, 
League three champion, created our country women's history 
record, thus it became our country the only" Grand Slam" 
team at present. The women's football club built by the 
Shanghai Municipal Sports School and Shanghai TV station 
benefited from the promotion of Sports Bureau strong indus-
try management and Shanghai television media. Currently the 
modern advanced facility somewhere  has been made accord-
ing to the Chinese Football Association for the occupation 
Club requests in Shanghai Qingpu District Scenic Dianshan 
Lake, including available one or two, three troops, and office 
building complex as well as a natural grass, one artificialturf, 
a piece of land and 6000 square meters of indoor football 
museum. 

2) The Jiangsu Women's Football

Its full name is Jiangsu Huatai Ladies Footbal Club, the 
accounting nets school football team, which is founded in 
1998 and consists of a few small players who has been in 
Jiangsu Taizhou city sports school football program short-
term training and juvenile athletes at Jiangsu sports school in 
athletics, volleyball, fencing and other items. Then several 
players were introduced from Wuhan and Zhejiang to form a 
team to enter the early in the national youth competition, and 
in 2000 began to participate in the adult game. This spring, 
training has got high quality from the coaches to athletes due 
to their actively training and diligent. As the host of October 
Games, Jiangsu women's football team has achieved the best 
results since their establishment ( ranking the fourth ). In Oc-
tober Games they have made adult female runner, young 
women football championship honors. The team is currently 
has its own training base in Nanjing, Jiangning and its soft, 
hardware facilities in the country have come full out in front. 

3) The Zhejiang Women’s Football 

Its full name is the Zhejiang Hangzhou West Women's 
football team, established in February 5, 2004, and it belongs 
to the Zhejiang province sports training a group of long-term 
training team. In 2007 it changed its name as the Hangzhou 
West Lake women's football. The West Women's foundation 
still came out in front in the construction of the country fe-
male super club. At present, both the West Women's football 
No.1 and No.2 team training is in the Tonglu stadium. In or-

der to meet the training, the training base was started last year 
with a billion budget, there will be a stadium with lights and 
grandstand and 5 training field, in which there is a plastic 
field. The West Women's consideration is also given to the 
players amateur life and not only the standardization of train-
ing, board and lodging. The club pay a visit to Hangzhou 
every two weeks with the players, it also held several activi-
ties similar to expanding outdoor fun activities, visiting Qian-
dao Lake. But  compared with Shanghai, Jiangsu on the over-
all strength, difference is comprehensive. In 2004 the national 
female ultra league and championship game, although only 
scoring, it did not record the position ( YOYO fitness failing ) 
yet even cannot get the preliminaries in October Games. The 
ten games won the twelfth of youth group (the last one ). The 
main purpose to participate in this year's spring training is to 
exercise team for the adjustment of the team, improve their 
ability after striving for two years ( School of technology and 
awareness, to improve anti ), something should be done in 
three years : balance, individual comprehensive technology, 
defense in place, high success rate, clearness of field team 
members responsibility. Then it can prepare for the "Twelve 
National Games" and strive to become the strong team of the 
women's football.

B. The Basic Situation of Yangtze River Delta Region Wom-
en's Football Coaches

1)The Shanghai Women's Football

At the beginning of 2002, the club restarted to appoint the 
coach group. It made 7 consecutive championships under the 
coach Lin Zhihua in the match, who hae been considered as 
best coaches of 2004 female ultra league tournament by the 
Chinese Football Association. Currently there are 4 coaches, 
2 research coaches, 3 university degree person or above, 2 
Senior title person, and 2 intermediate title person. There are 
4 coaches after association of coaches' post training, among 
whom there are 3 person in Class A and 1 person in class B

2) The Jiangsu Women's Football

The team's original coach is the national youth team 
coach Gao Rongming, who has been the women's football 
coach since the beginning of 1987 in Shaanxi, Sichuan, 
Shenzhen and other provinces and cities' team as the head 
coach and has won the national top three place. In recent 
years, she has always served as the national youth football 
coach and national team assistant coach. Present coach, Li 
Hongbing, whose distinctive features of coach work is the 
strong pertinence, puts the work to be in line with the actual 
situation. His training methods are combined with theory and 
practice to explain profound theories in simple language, 
which are easy to understand, and the players has overcome 
their blindness to increase awareness after understanding the 
football rules based on learning tactics and got great training 
and working effect. In 2009 Li Hongbing obtained the Nv-
Chao best coach. Currently there are 4 coaches, 1 university 
degree person or above, 1 Senior . 
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title person. There are 4 coaches after association of 
coaches' post training, among whom there are 2 person in 
Class A and 2 person in class B.

Table 1  The Yangtze River Delta region women's football team man-
agement and funding basic team

3) The Zhejiang Women's Football

Because the team was a young team, it has always 
changed its coaches and menbers since its establishment. It 
first hired Shen Lidong coach from the Football Association 
of Hubei, who has began coaching the Zhejiang women's 
football since 2004 February. It obtained great progress under 
the women's football coach Shang Ruihua's guidance in 2007. 
After the Olympics, Shang Ruihua left the West Women's. 
Wang Liping served as head coach who has previously served 
as assistant coach to former international. And her target is 
the 2009 National Games Qualifier. At the preliminary round, 
the West Women's goal is to enter the National Games finals. 
But in Sichuan and host team's key competition, because of 
the referee's two missing judgments, Zhejiang women has 
lost the qualifying with pity. Failed to reach the club 's goal, 
Wang Liping chose to leave. Then Li Huayun took the wom-
en's West pointer who was a former international football 
player.

C. The Basic Situation of Yangtze River Delta Region Wom-
en's football players

1) The Shanghai Women's Football

Now there exist 25 athletes in Shanghai SVA women's 
football team. There are more than 20 people, such as Sun 
Wen, Shui Qingxia and Pu Wei, selected for the national 
team in the history. Now the average height of the team is 
1.70 meters, a maximum of 35 years of age, a minimum of 16 
years old, and the average age is 23 years old. Because the 

national team preparing for the Olympics national youth team 
for World Youth Championship in 2008, it has been drawn up 
to 8 players. In the team, there are 12 people with university 
degree or above and 13 people with secondary education.

2) The Jiangsu Women's Football

Now there are 32 members in Jiangsu Huatai 's team, 
and it introduced six players from Qingdao and Sichuan in 
the end of 2002. In 2004 the team introduced international 
Teng Wei from Beijing, but it is still a young team. The rest 
of the team are below the age of 24 except that the 3 players 
are over the age of 27 and the smallest member is only 17 
years old, and the average age is 21 years old. now the team's 
average height is 1.67 meters. Jiangsu Huatai female football 
has transported many players to all levels of national teams: 
for example, Weng Xiaojie, Zhang Yanru Ge Yang, Xinzhi 
Weng and so on are transported to the national youth team 
who has won the 2004 World Youth Championship runner-up; 
six person such as Zhang Yanru, Weng Xiaojie, Ma Jun, 
Guan Jingjing, Wu Min and Xinzhi Weng are in the newly 
established national team in 2010. In the Team, there are 12 
people with university degree or above, 20 people with sec-
ondary education.

3) The Zhejiang Women's Football

Now there are 29 members in Zhejiang Hangzhou West 
Women Football team, and its average age is 17 years old and 
the average height is 1.66 metersas well as a maximum age of 
20 years and the minimum 15 years. Because team is built in 
a hurry, the team quality is not high with the low starting 
point. The main purpose is to exercise the team in the spring 
training and prepare for the 2010 contest. There is only one 
national team member, Zhu Qiao, who served as a goalkeeper. 
Players are mostly students in physical education College of 
Ningbo University.

D. The Training and Competition Situation of Yangtze River 
Delta Region Women's Football Team 

Because the three teams are different in management 
systems, management ways, channels, training properties, 
composition of the team and their main tasks, there should 
exist differences in establishing the training target, making 
training plan, selecting training content and method and train-
ing effects. According to the coaches and athletes' interviews 
we can find that women athletes is later than male soccer 
players in football training time. The women's football cover-
age is narrow, thus many women players are from other 
sports. Although they have good physical quality of football, 
their technical masteries are uneven, therefore they must 
spend a lot of time to improve and enhance the technical abil-
ity. Training 32 hours Weekly is the longest time in Jiangsu, a 
minimum of 15 hours in Zhejiang as well as Shanghai for 26 
hours.

1) The Shanghai Women's Football

The Shanghai women's football is made up by province, 
City Sports Technology Institute ( sports team ) management 

Team 
name 

depart-
part-
ment

Nature 
of team

pur-
pose

Source of 
funds

Annual 
ex-
pendi-
ture

Shanghai 
SVA  
Women 
Football 

club Enter-
prises

long-
term 
devel-
opment 

State appro-
priation 
enterprise 
sponsored

800000
0
100000
00

Jiangsu 
Huatai 
Women's 
Sports

Bureau 
of 
Jiang-
su 
Prov-
ince

state 
appro-
pria-
tion,
Enter-
prise 

long-
term 
devel-
opment 

State appro-
priation 
enterprise 
sponsored

600000
0 

Zhejiang 
West 
Lake 
women's 
Sports 

Bureau 
of 
Zhe-
jiang 
Prov-
ince

state 
appro-
priation
Enter-
prise 

long-
term 
devel-
opment 

State appro-
priation 
enterprise 
sponsored

100000
0 + 
500000
0 yuan 
Hangzh
ou 
West 
spon-
sorship
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of the semi-professional or amateur teen girls soccer team. 
Their training target and task are very clear, i.e. to train de-
velop and transport the talents for the first team. Therefore, 
they pay much attention to the equipped coaches, who are of 
political qualification, good business style and high level of 
professionalism. In the training management and daily man-
agement, training is more formal with high quality and the 
training time can be guaranteed with more than 20 hours in 
every week training. In order to defend the women's FA 
Cup,they immediately put on sports clothes on training field 
after arriving in Kunming with stationary luggage on the first 
afternoon. Why do they go to train so seriously? Because the 
emphasis on this year the Association Women's Football is 
completely different. Every team seizes every minute and 
second, thus they are certainly no exception. From the female 
soccer players' personal comprehensive ability performance, 
Shanghai team is the best one with a leading position in the 
tactical level, literacy in the whole country. Players are strong 
in controlling the ball ability individually, teamwork between 
players is very good, in midfield the organization is capable 
and passing is in place, and there are a variety of attacking, 
whose tactics level ranks the forefront in the teams.

2) The Jiangsu Women's Football

As the Jiangsu team has got great achievements in Oc-
tober Games, it payed close attention to training from the 
provincial leadership to coaches, it camp up to 32 people to 
participate in training in the spring. It has 32 hours a week 
training with warm-up match and teaching competition, 
whose YOYO test resulted the best. The Jiangsu team has 
been famous for its full stamina in the whole nation for a long 
time. The training and competition guiding ideology of the 
team is to take physics as basis, technology as the means, and 
use the advanced practice strategy and tactics accorded with 
their team. They have purposes to strive to follow the existed 
teams or any othe teams so as to compete and fight the physi-
cal fitness and physique in the high-speed motion, and master 
a variety of football skills and tactics after 1 to 2 years of 
efforts according to the play methods different situations used 
in different formations opponents. In other words, to create a 
physical technology is the team's struggled direction. Jiangsu 
women's football team is a young team with strong battle 
effectiveness and cohesion. It can fight a hard battle and it is 
a young team thus their style is quite hale and hearty. The 
team has super luxury lineup: from the keeper, Zhang Yanru 
you, Weng Xiaojie ( No1 and No2 national team goalkeepers ) 
and Ning Zhenyun ( former national team ), the guard line; 
Xinzhi Weng, Zhou Gaoping (national team main force ), 
Ruan Xiaoqing, Zhang Wei ( national youth team main 
force ), and Ge Yang ( former national team ); midfield, Zhu 
Wei, ( national youth team striker ), Yu Weimin ( ISA period 
the main national team main force ), and Song Xiaoli; the 
vanguard line, Ma Jun ( from Jiangsu 3 teams in 3 into the 
national team, can be competent striker, front waist, back 
waist and guard ), and Ding Jiahuan ( Elizabeth you selected 
the national team). Besides some young country members, 
basically not any team can match it.

3) The Zhejiang Women's Football

Because the team is the semi professional youth women 
football team which is administrated jointly with Province 
Sports Bureau and the enterprise, team menbers were in 
Ningbo University taking half a day on the literacy class and 
another half a day for training before 2005. Team members' 
individual ability is bad and the training quality is not high, 
thus it is difficult to achieve good results. With Hangzhou 
West holdings corporate sponsorship, the West Women's 
Football has made progress quickly, got a good sustainable 
development and has also attracted many powerful members 
to join. The the treatment of West Women's football players 
in the country is the forefront in the country, which is very 
attractive in the current football environment. The goalkeeper 
Zhu Qiao is from the Beijing women's football team and was 
selected in a new national team. Training time there is 15 
hours a week or so, players' ages are small and they in thin 
body, thus training effect is just so-so. The Zhejiang women's 
football is a new young team, as to this only 3 anniversary of 
the founding of the club, it is a normative construction team 
mainly in personnel training with sustainable development. 
Its first aim is to make known and then seek greater develop-
ment.

4) Competition

Competition is a controlled lever to guide training and ad-
just the training process. According to the present competi-
tion system developed by the Chinese Football Association,  
there are three main events in the women's senior team each 
year, respectively for the national championship, FA Cup, 
and female ultra league tournament.

  Both Shanghai and Jiangsu have got remarkable 
achievements. The Shanghai women's football has been a 
strong veteran player for many years, yet the alternation of 
the new and the old  made the achievement glided somewhat. 
Young players' condition has bigger fluctuation, and the men-
tality is not very stable, thus such players occupied a large 
part in today's Shanghai team. Of course, after several years 
of temper, and these players continue to grow so that the
Shanghai women's football team will open the opponent gap 
of the strength. Jiangsu women's football is a new force 
which suddenly rised, walking the grabbed right way from 
reserve in Jiangsu women's stable development environment, 
which has 4 echelon.  A province-wide recruitment constantly 
made the prosperity of the women of all ages with talented 
people in the level of national team. And the Jiangsu women's 
success also benefited other teams in the development of ref-
erence. It is a team based on the development of the cultiva-
tion of reserve talents and their own reliable talent. In contrast, 
the Zhejiang women's football team is a young team, al-
though it has abundant funds and hardware equipment guar-
antee, it also needs to introduce domestic and foreign out-
standing team improve the quality of training to obtain better 
result. It should draw more lessons of the successful devel-
opment experience from Shanghai and Jiangsu on the man-
agement and training.
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4. Conclusions and Suggestions  

A. Conclusions

1) The Shanghai Women's Football

The Shanghai women's football management system is 
getting clearer and more and more mature day by day, the 
professional teams are really enrolled into professional man-
agement system. Tactics is mature and stable. Players have
good psychological quality and they can take time on various 
conditions appeared in the field and get the key events of the 
game, showing good technical and tactical level and quality. 
Players' ability of controlling the ball is quite good, teamwork 
between players cooperates well, in midfield the organization 
is capable and passing is in place, and there are a variety of 
attacking. The Shanghai team received a good attack effect 
due to their high technology content, outstanding ability, 
scoring more staff, coupled with sophisticated style and rich 
's attack repertoire in the game .

2) The Jiangsu Women's Football

There are more young players in Jiangsu women's football 
team, who are stamina. Some promising young players are 
gradually growing and have begun to play some important 
position in the team according to different opponents using 
corresponding tactics routines when combined with courage, 
fast, simple, live characteristics of playing. But compared 
with the old players, they also appears slightly immature in 
some of the details about adjusting to changing circumstances 
in the field, and their mutual tacit understanding is not 
enough. In the actual psychology there exits apparent differ-
ence, causing performance instability. We hope that they can 
gradually form a set of the tactics with formations of com-
plete system through this further run-in work in the coopera-
tion degree and deepen understanding between new and old 
players, and further strengthen the midfield organization 
strength and anti consciousness so as to train player both of-
fensive and defensive ability, which can make the team a qua-
litative leap in the tactical fighting method.

3) The Zhejiang Women's Football

The Zhejiang women's football had already participated 
in the National Women's Football Super League in 1999, but 
the present situation is its narrow popularity, no successor, 
and it hasn't formed a good echelon construction, which will 
affect the sustainable development of Zhejiang 's women's 
movement. According to the economic strength of Zhejiang, 
it is not a problem for Zhejiang Province to start money to set 
up a women's football team, but it is an urgent problem to 
solve about how to collocate reasonable configuration of 
women's soccer characteristic and reform team management 
system. Based on this, the Zhejiang Provincial Sports Bureau 
and Football Association of Zhejiang province want to revi-

talize Zhejiang province women football movement  with the 
help Hangzhou West Group, and they need further study 
management system from Shanghai and Jiangsu so as to draw 
lessons of a rapid rise from Jiangsu 's experience.

B. Suggestions

Jiangsu women's football team has got many fruits in the 
October Games and support and sponsorship of government 
and other kinds of business. The Jiangsu team is very sound 
at all levels of reserve echelon. Now the Jiangsu 's football 
team has become China's specimens. The Yangtze River Del-
ta region should give full play to regional and economic ad-
vantage and get more applications and contractors of large 
women's football competition events. It can arouse social all 
circles force to enhance the interest in the development of 
female soccer and strengthen the news media propaganda to 
create an atmosphere to promote women's football develop-
ment in this way.

The three provinces and cities should be based on the 
principle of resource sharing, complementary advantages, 
mutual benefit and common development, clear the profes-
sional goal of reform, accelerate the process of women's foot-
ball occupation, strengthen coach and athlete's communica-
tion, give more a series of invitational tournament with for-
mat diversification, develop the common development of the 
Yangtze River Delta region of the women's football market 
with joined efforts, and encourage more people to pay atten-
tion to women's footbal. Thus it can expand the influence of 
women's movement and stabilize the team to increase in 
Yangtze River Delta area of women's football in participation, 
and jointly promote the development of Yangtze River Delta 
region women's football.
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Abstract— Utilizing the methods of documentation, 
questionnaire, and statistics and so on, this paper prosecutes an 
investigation of the current situation of reserved talents in 
competitive sports in Henan province to analyze the existing 
main problems and put forward the proper strategy for 
development aiming at providing theoretical basis and practice 
reference for its healthy development.
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1. Introduction
Under the condition of all-round social progress, day-by-

day commercialized, professionalizated and scientific world 
sports circle, how could the cultivating mechanism for sports 
talents in competitive sports adapt new situation and better 
realize sustainable development needs to be contemplated, 
designed and overall planned with wider view. Since Beijing
Olympic Games, although the scale of amateur training has 
been under way, the work point of national sports transferred 
from competitive sports to mass sports with invisible and 
formative change of many policies and measures. The change 
of the form of ownership and organization of amateur training 
and much contradict caused by the pattern of whole nation 
which was also unfavorable to the development of sports 
industry which resulted in the incommensurate problems 
between reserved talents and social development leading to the 
decline of the quality of reserved talents. Therefore, to explore 
the cultivation and countermeasures for development of 
reserved talents in competitive sports under the background of 
new era is the meaning of this subject.

2. Study Methods
A. Documentation method

The document, books related reserved talents were 
consulted as well as the papers and material of State Physical 
Culture Administration and Henan Municipal Sports 
Administration.. 

B. Investigation methods
1 Interview method  

The related leaders of Henan Municipal Sports 
Administration,    Luoyang Municipal Sports 
Administration, Jiaozuo Municipal Sports 
Administration, Nanyang Municipal Sports
Administration, the sports school and the coaches was 
interviewed to gain the related material by the way of visiting 
and symposium.

2 Questionnaire method

The questionnaires about some closeness and openness 
problems were designed and questionnaire surveys were 
undertaken on the related leaders, teachers and coaches to 
understand the current situation and existing problem of 
reserved talents. 

3 Logical analysis method  

The logical knowledge and method was applied to 
classification, compare and analyze the present material, the 
questionnaire and this writing.

4 Statistical analysis method

Statistics analysis software SPSS10.0 was applied to deal 
with the data from the survey.

3. The Result and Analysis of the Study
C. The survey of the current situation of reserved talents in 

competitive sports in Henan province
1) Lack of resource of reserved talents and low efficiency 

in the distribution of resources
The main resources of reserved talents come from three 

aspects. Firstly, the resources come from 11 national high level 
bases for reserved talents affiliated with sports system, 58 
individual training points at the provincial level, 19 training 
bases at the provincial level, 18 city sports schools, sports 
school in Henan province which are main fronts 1 . With the 
problems of mutual contradiction among the learning and 
training and the difficult way out, the number of the students 
decreased day by day. Lack of reserved talents and low quality 
of the talents are the outstanding problem existing in the 
development of sports school. From the view of the cities 
distribution, there are most reserved talents bases of 11 national 
high level bases in Zhengzhou (27.27%). From the view of 
program layout, the sports of bicycle accounts for most. The 
data reflects that the reserved talents in competitive sports are 
tend to centralize to the superior area. However, there are many 
reserved talents in some programs, but not excellent talents.

The project plan of soft science in Henan Provience.(Project
Nunmber:112400430077) 

Teaching reform project in Luoyang Normal University in 2010(Project
Nunmber:2010040)
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Secondly, the traditional sports programs school established 
together by sports system and education system is the area 
which could not be ignored to enlarge the scale of reserved 
talents.13 national traditional sports program school and 253 
provincial traditional sports program school were analyzed. 
The number of the students involved in the training has reach 
to about 37000 which the proportion account for about 7% of 
the total number basically reaching the average level. 

At last, the resources come from amateur training teams in 
middle and elementary schools, high level sports teams in 
college affiliated with education system which are the essential 
supplementary part. There are ten thousand students in college, 
middle and elementary school participating extra curricula 
exercises. However, the influence of social environment, 
training environment and lack of funds leads to the slow 
development of competitive sports in school in Henan province. 
The competitive sports level need to be improved urgently.

The similar programs among each city result in resource 
consumption with low efficiency in the distribution of 
resources. To fulfill the sustainable development of 
competitive sports not only needs plenty of reserved resources 
but also focus on the internal adjusting allocation of the system 
to collect resource advantage, reasonably arrange advantaged 
programs, further to improve the benefit of the allocation of 
resources.

2) The structure of coach is not reasonable and the 
scientific training level needs to improve. 

Form 1 The survey of the source situation of the coaches in 
sports system in Henan province

The source of coaches % No. 

Retired from specialized teams
Graduated from P.E. college

Learned from P.E. college after retirement 
Others 

35.21
33.23
20.30
11.26

1 
2 
3 
4 

The teams of coaches with high quality are the necessary 
condition for the better development of competitive sports. The 
situation of sports system has been analyzed due to the 
adequate professional coaches. The survey shows that the 
proportion of the coaches under 35 years old accounts for 
52.49% which demonstrates that the team is full of youthful 
spirit but also means rough task for the training and exercises. 
The proportion of the coaches with rich experience between 35
and 45 accounts for 28.13% which little less obviously. The 
percentage of the coaches with teaching over 11 years accounts 
for 85.5% which demonstrates a relative stable coach team in 
Henan province. Form 1 shows that the coaches retired from 
specialized teams have rich experience but with low academic 
level which would influence the further improvement. The 
coaches have learned from college after retirement with rich 
practical experience, academic knowledge and best effect of 
teaching. However, the percentage of this group is too low with 
unreasonable structure.

Constant improvement of scientific training level is the 
essential support for the enhancement of sports 
accomplishment. Scientific training should focus on scientific 
material, physical training, the recovery of fatigue, psychology 
training and sporting equipment and so on 2 . However, a 
large portion of coaches select material according to their 
experience or recommended by P.E. teachers. Only 29.13% of 
the coaches select according to the standard. The creative sense 
and scientific training level need to be improved.

3) Lack of means to adjust and allocate the resources of 
competitive sports

The resource investment of the competitive sports at this 
stage is still mainly from financial appropriation in Henan 
province. The market mechanism has not yet played its leading 
role with no good increasing income channel. The transform of 
the sports resources was used by society, enterprise and 
individual which is the inevitable outcome of the development 
of economy. The related policies shoud be enacted and 
standardized based on the situation of the level of economic 
development of the local place and the province.

4) The adverse effects of the disadvantage of the 
competitive system to the transport of reserved talents

With the effect of golden medal-oriented, there are the 
situation of “fake introduction” with impostors which dampen 
the grass-roots coaches’ enthusiasm and stifle the talents in 
some cities. In addition, some coaches are enthusing about in 
low-level contention for championship neglecting the long-
term cultivation of reserved talents. Therefore, the problem and 
unfavorable effect resulting from competitive system should be 
retested to further perfect the transport and communication of 
reserved talents.

5) The puzzle existing in the base construction

Firstly, many-layered administration, slow follow-up 
counterpart funds and obstructed channel of purchase make the 
devoted funds output slow lacking necessary supervision 
mechanism. Second, the scale of the training point is too large 
to take advantage of the pattern of whole province”. Third, 
the way of “appropriation based on medals” needs to be 
improved. Forth, the current registration system is unfavorable 
to the common communication among athletes.

D. The strategies of cultivation of reserved talents in 
competitive sports in Henan province
1) Set up view of talent to accelerate the overall 

development of reserved talents.

In the new era of knowledge-based economy, it is more 
important of possessing high quality human resources than the 
investment and accumulation of funds, than the possession and 
expansion of the market with the social focus of the 
development, cultivation and utilization of the talents 3 .
Therefore, the cultivation of reserved talents should be 
designed and planed from a long-term and broader view to set 
up new opinion and transfer the way from training first to 

the combination of knowledge and training which 
demands the players take sports on the condition of learning of 
knowledge.  
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2) Promote the diversification of the way of the distribution 
and allocation of resources to optimize the resources of 
competitive sports

As the subject of the distribution, sports administration at 
all levels in Henan province take good advantage of sports 
resources based on the overall condition to attract the various 
economic subjects to develop programs independently. At 
present, the current situation of the sports school conducted by 
government and wushu school conducted by society have 
represented the reasonable distribution which enhances the 
application rate of resources to form win-win setup of 
competitive sports.

Fulfillment of superiority complementary of sports 
resources could give full play to the maximum efficiency of the 
limited resources 4 . Based on the planning, the layout of the 
programs should be considered from the view of sustainable 
development to ensure the key project group, to reasonably 
plan the training net with the supports and guarantee of funds 
and policies, to ensure efficiency of these projects in terms of 
integration of human resources, financial investment and 
science intervention to achieve the goal of optimal resources. 
Based on the talent base of individual event at provincial level, 
Hebi city has developed quickly and has gained 3 gold medals 
of boxing in the 11th Games. The reasonable layout and 
optimization of the resources of competitive sports in various 
cities could not only decrease the consumption of resources but 
also pursue the maximum benefit.

3) Enlarge the scale of reserved talents by stages, level and 
points to improve the matriculate quality

Whether in nonprofessional sports school or traditional 
sports school, there will be the existential crisis with no 
economies of scale and will be no force of sustainable 
development with scanty reserved talents 5 . Therefore, the 
advantage of large population in Henan province should be 
utilized with better work of popularization to increase the way 
to create jobs and transfer the population advantage into talent 
advantage. Firstly, break the state of the scattered reserved 
talents to improve the talent exchange market. Bring the 
cultivation into the system of education to enlarge the scale of 
the teams of reserved talents 6 . Secondly, enlarge the scale of 
the steady students to improve the matriculate quality 
depending on the training base of reserved talents in different 
levels. What’s more, “sun-light P.E.”, a special activity of 
school sports in Henan province should be fully utilized to 
enlarge the scale of reserved talents and broaden the way of 
athletes, deal with the contradiction between the learning and 
training.

4) Introduce externally and unite internally to improve the 
coach training mechanism

Firstly, strengthen post training, build the system of 
training, create learning organization, strengthen the specific 
training work to high-end and compound coaches with high-
level. Secondly, perfect the talent mobility mechanism, 
optimize the internal distribution and establish strategic 
partnership with other provinces to accelerate the 
communication and cooperation of talent resources, introduce 

actively competitive mechanism with supports of policy and 
funds. Thirdly, introduce the famous coaches at home and 
abroad as consultant to train the athletes regularly whose 
training level will improve rapidly by the guidance.

5) Gradually reform the current competitive mechanism 
and strengthen the internal administration

Set up the major sports with secondary sports and take 
the comprehend test of basic skill and quality at the same time. 
Pursue registration system strictly to regulate the market and 
deal efficiently with the relationships of interest among the 
units and arouse the maximum enthusiasm of the athletes and 
coaches. Strengthen the internal administration with further 
efforts of the supervision.

6) Perfect the construction of cultivation system of 
reserved talents and fulfill the strategic transform of the 
combination of sports and education.

Build the coordination mechanism of exchange of benefit 
based on the principle of market and make the cultivation of
reserved talents become involved into the system of education, 
follow the road of the system of education cultivating the 
competitive talents and fulfill the strategic transform of the 
combination of sports and education 7 . Accomplish the real 
fusion of sports and education and gradually build the 
cultivation system of reserved talents of competitive sports 
with the specific situation of Henan province.

4. Conclusion
The current situation of reserved talents in competitive 

sports in Henan province seems not to be optimistic. The main 
existing problems are as follow: the lack of resources of 
reserved talents; the single means to adjust and allocate the 
resources; the unreasonable structure of the coaches and the 
scientific training level needing to be improved; the 
disadvantage of competitive mechanism influencing the 
transportation and communication of sports reserved talents; 
irregular construction and administration of the base and lack 
of necessary supervision mechanism when using funds. To 
fulfill the sustainable development needs to set up talent 
opinion to promote the overall development of reserved talents, 
to promote diversification of means of resource adjustment and 
allocation to optimize the competitive sports resources, to 
enlarge the scale of reserved talents to the point by stages, 
multi-level to improve the quality of the students, to introduce 
new resource to perfect the coach training mechanism, to 
reform recent competitive mechanism, to perfect the 
construction of system of reserved talents to fulfill the strategic 
transform with the combination of sports and education.
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Abstract—In order to migrate the enterprise legacy system to the web, a multi-agent based legacy system encapsulation 
model is proposed.  Firstly, the characteristics of legacy system are analyzed, and then the data and functions that need to be 
published are confirmed. Secondly the legacy system is wrapped into web components with common interface, and these 
components are managed by the application server. Thirdly, the clients can send requests to the application server, and re-
ceive the return result from the application server.  Due to adoption of wrapping technology for legacy system, original secu-
rity and stability of legacy system are guaranteed in the web components. Finally, the validity and practicability of the migra-
tion technology are verified through the application in the encapsulation of Matlab as web components. 
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1. Introduction  

At present, there isn't a uniform definition on legacy sys-
tem, in 1995, there was a definition proposed in [1]: if a sys-
tem is important to the enterprise, and at the same time, the 
enterprise doesn’t know how to update it to meet the new 
need, the system can been called as a legacy system. To leg-
acy system, nowadays, there are three basic models to re-
build it to meet the new need. 

� Giving up legacy system: the model will give up a 
legacy system and a new system is developed to re-
place it at the same time [2]. The model will produce 
waste to the enterprise's resource, so it isn't used by 
most enterprise. 

� Wrapping legacy system: the model will hide the re-
al implementation of legacy system, and its func-
tions are published as public interfaces, then we can 
access the legacy system through these public inter-
faces [3]. In the model, the security and stability of 
legacy system aren’t affected, and the rebuilding cost 
is low. 

� Rebuilding legacy system: in the model, before re-
building the legacy system, we must analyze its 
functions and demands, and then we can implement 
its functions in the new system [4]. In fact, for the 
half-baked documents of legacy system, it is very 
difficult to analyze its functions.  

In the three models, the second model is adaptive to en-
terprise. In the model, the inherent security and stability of 
legacy system are not affected in the new system, and this is 
very important to an enterprise. 

The reminder of this paper is structured as in the follow-
ing: section 2 gives some background information in legacy 
system integration technology, section 3 gives an introduc-

tion on the multi-agent based system encapsulation model. In 
section 4 gives a case study to describe how to encapsulate 
the Matlab as web components based on multi-agent tech-
nology, and finally, section 5 contains the conclusion. 

2. Legacy System Integration 
Technology  
A. XML Integration 

The Extensible Markup Language (XML) is a broadly 
adopted format for structured documents and data on the 
Web. XML is a simple and flexible text format derived from 
standard generalized markup language and developed by the 
World Wide Web Consortium. XML is expanding from its 
origin in document processing and becoming a solution for 
data integration. XML excels in inter-application data ex-
change because of its flexible and extensible method for de-
scribing data and its capability to communicate over the In-
ternet using the standard HTTP protocol. 

This flexibility makes XML a powerful mechanism for 
business-to-business (B2B) application integration. B2B 
integration is the automated exchange of information be-
tween systems from different organizations. B2B, for exam-
ple, improves external processes such as supply chain inte-
gration or shipping/logistics tracking. XML-based B2B is 
gaining momentum as XML vocabularies emerge in specific 
business domains such as finance. In addition, a growing 
number of commercial enterprise application solutions are 
embracing XML [5]. 

B. Database Replication 
Database replication is the process of copying and main-

taining database objects in multiple databases that make up a 
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distributed database system. Changes applied at one site are 
captured and stored locally before being forwarded and ap-
plied to the centralized repository. Replication provides users 
with fast, local access to shared data and greater availability 
to applications because alternative data access options exists. 
Even if one site becomes unavailable, users can continue to 
query, or even update, data at other locations. Database rep-
lication is often used to enable decentralized access to legacy 
data stored in mainframes. In this approach, local instances 
of modern databases are replicated parts of a centralized da-
tabase. We can get a similar effect using a remote database 
gateway, but it is sometimes undesirable to use a software 
layer to wrap legacy data. Instead, we want a local copy of 
the data that wraps and buffers the original data source. New 
applications using the data receive the benefits of local ac-
cess to a modern database instead of the problems of remote 
access to an obsolete data repository. 

C. Object-Oriented Wrapping 
Objects have been used to implement complex software 

systems successfully. Object oriented systems can be de-
signed and implemented in a way that closely resembles the 
business processes they model. Additionally, the use of ab-
straction, encapsulation, inheritance, and other object orien-
tation (OO) techniques make object-oriented systems easier 
to understand. 

To support object distribution, we need a more powerful 
means of communication than that provided by normal inter-
object communication mechanisms. Distributed object tech-
nology (DOT) is the combination of distributed technology 
with OO. In effect, DOT extends object technology to the 
net-centric information systems of modern enterprises by 
using object middleware. The most prevalent object middle-
ware is the Common Object Request Broker Architecture 
(CORBA) from OMG, with its platform-neutral object speci-
fication language, robust remote method calls, interoperable 
protocols, and rich set of services. The conceptual model of 
object-oriented wrapping is deceptively simple: individual 
applications are represented as objects; common services are 
represented as objects; and business data is represented as 
objects. In reality, object-oriented wrapping is far from sim-
ple and involves several tasks including code analysis, de-
composition, and abstraction of the OO model [6]. 

3. Legacy System Encapsulation Model 
Based on Multiagent Technology  

Based on multi-agent techniques, every function of lega-
cy system can be encapsulated as a web component, which 
may have various interfaces for different functions. The mul-
ti-agent based encapsulation architecture is shown Fig.1. 

External wrapper provides various interfaces to accept 
SOAP request, which can be managed by the client’s power, 
and inner wrapper are developed for the legacy system in the 
institutions. The SOAP requests from online user are trans-
mitted to external wrapper, and then retransmitted to inner 
wrapper. Then the inner wrapper decomposes the requests 
into a sequence of status values, according to which web 
component will change the state, and related web compo-

nents are called to respond to the request. Finally the result 
should be sent back to external wrapper which in the same 
way sends it to the online user.  

D. External wrapper 
External wrapper accepts requests and cooperates with 

inner wrapper. Its main tasks are to analyze and decompose 
the requests, including creating service detailed lists, decom-
posing request to status switch, defining communications 
protocols and the format of input and output, registering and 
issuing web components in the UDDI. 

External wrapper is closed to the actual operation plat-
form, and access request through inner wrapper, external 
wrapper is used to establish and maintain the safe communi-
cation among different web components. When communica-
tion happens among different legacy system systems, the 
conversion between bytes and certain data type must be run 
to ensure platform-independent. The communication infor-
mation is described and defined uniformly in XML. 

E. Inner wrapper 
Inner wrapper needs to coordinate with external wrapper, 

and interact with legacy system systems directly. Therefore, 
they should be standardized and adaptable to the operation 
environments of legacy systems. The architecture of inner 
wrapper is shown in Fig.2. 

 
Figure 1.  System encapsulation based on multi-agent technology 

The net communication agent receives service request 
from external wrapper, and sends it to service decomposing 
agent, which decomposes the service request to the status 
switch set based on transaction logic library. The net com-
munication agent is composed of external communication 
agent and inner communication agent. Then according to the 
status data, the monitoring operation agent manipulates relat-
ed subsystems and sends the needed output to external com-
munication agent. 

Based on multi-agent technology, the legacy system is 
encapsulated with common interfaces, and other systems can 
communicate information with the legacy system based on 
the common interfaces, but to the clients who don’t be famil-
iar with the common interfaces, we can’t send the request 
with right format to the legacy system and get the right result. 

62 Copyright © 2012 SciRes.



 
Figure 2.  The architecture of inner wrapper 

 
Figure 3.  The encapsulation architecture of legacy system 

For providing the access interface to clients, as shown in Fig. 
3, an encapsulation architecture of legacy system is proposed, 
as following describes how to clients to send the request to 
the legacy system and get the return results. 

� Clients send the request message to the application 
message with SOAP format. 

� Application server receives the request and sends it 
to the legacy system access middleware based on the 
JDBC, ODBC or OPC interface. 

� The legacy system access middleware sends the re-
quest the request to the legacy system wrapper 
adapter, which includes external wrapper and inner 
wrapper. 

� The legacy system wrapper adapter sends the request 
to the legacy system based on their common access 
interfaces. 

� The legacy system receives the request, and returns 
the result to the legacy system adapter, and finally, 
the result is returned to the clients. 

Based on the proposed encapsulation architecture, the legacy 
system is encapsulated as common web components, and 
then we can integrate the legacy system with other legacy 
systems, and these legacy systems can share message with 
SOAP format. Due to adoption of wrapping technology for 
legacy system, original security and stability of legacy sys-
tem are guaranteed in the web components. 

4. Case Study  
Matlab is professional software developed by 

MathWorks Corporation. It has powerful function on data 
analysis, data emendation, and image process etc. Based on 
the proposed system encapsulation model, we can encapsu-
late it as Web component to provide the computation func-
tions, linear regression analysis, nonlinear regression analy-
sis, matrix normalization, covariance matrix computation [7, 
8]. Regression analysis is mainly use to analyze real-time 
data for the product development process. 

 
Figure 4.  The encapsulation model of Matlab 

As shown in Fig. 4, the Matlab is encapsulated as com-
mon web components, as shown in Fig. 5, the SOAP mes-
sage can be sent to the Matlab common component to re-
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quest linear regression function, and then the result will re-
turn with SOAP message as shown in Fig. 6. 

 
Figure 5.  SOAP request message of linear regression service 

 
Figure 6.  SOAP response message of linear regression service 

5. Conclusion  
For encapsulating the enterprise legacy system as common web 
components, a multi-agent based legacy system encapsulation 
model is proposed.  Due to adoption of wrapping technology for 
legacy system, original security and stability of legacy system are 
guaranteed in the web components. Finally, the validity and practi-

cability of the migration technology are verified through the appli-
cation in the encapsulation of Matlab as web components. 
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Abstract—The man’s action, thanks to its creative 
capacities, gave a new order to the reality: the “created reality” 
does not present simply a different order, but is an authentic 
transformation. Which criteria had directed this transformation? 
Which will be the criteria of future transformation? The paper 
presents two possible ideas about creativity and argues in 
favor of a creative action educated and directed by an ethical 
criteria. 
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1. Introduction  
In the 1970s, Hans Jonas denounced the danger that 

threatened the existence in the world: the effective range of 
man’s action had terminated to be small. The power to act, 
amplified by the advancement of technology, was become able 
to modify the state of things. The long run of consequences was 
turning the “immutable” state of Nature: man’s action was 
creating a “second nature” that did not respond to the law of 
Nature.  But not only.  The chancing seemed endless.  

It was necessary to know the causal scale of man’s action. 
However, it was not only a “knowledge question”: it was not 
enough that the technological knowledge became a “predictive 
knowledge”. The power to act of the technological intervention 
posed an “ethical question”.  

The range ever more extended – perhaps without limits – of 
man’s action went so far in wandering to everywhere. Without 
direction, the capacity to change the essential immutability of 
Nature and the order of things put into play the proper life of 
the man. For this raison, in light of modern technological 
power, man’s action could not more be “ethically neutral” [1].  

The denunciation is still current today. Indeed, this 
denunciation was not considered seriously and it has become 
an emergency. Man is ever more a spectator – not the real 
protagonist – of his creative capacity [2]. The successes of 
technological action have not – often – a “reference” that gives 
them a position and a value: they are beyond of Man and risk to 
alienate the human existence. 

The actual human identity, however, is not alienated by too 
much technology: the problem is that the technological 
intervention has not questions about the final destination of its 

action. Each discourse on possibilities of man’s action is about 
its functions or its applications. 

It is necessary redesign the man’s action capacities in a 
“vision of the world” where everything has a position, a value 
and a relation with the limits of the world, but – above all – a 
final direction. 

2. An Instrumental Creativity  
The actual translation of creative capacity presents a 

particular condition. The attention is focused on the endless of 
changing. The creative action – with the power of its 
technological version – works with the aim to produce a 
continuous change.  

This “productive” creativity enhances its capacity of 
transformation, but sets aside its capacity of improvement. The 
creative action not always realizes the better transformation: its 
intervention does not pose the question what is better (or 
worse). It is become an instrumental creativity having the 
function to produce new changes. 

This creative action presents two main consequences: the 
first concerns the action’s subject; le second, the action’s 
results. 

A productive creativity transforms the subject in a “subject 
of production”.  The man is not more the changing author, but a 
changing maker. 

Also, a productive creativity transforms the results in 
effects without control. The limit of this creative action is the 
limitlessness and, above all, the possible immortality of its 
effects [3]. 

The creative capacity serves today to invent many means. 
But means to achieve what? The authentic power of creativity 
is to invent final aims. 

So it is necessary to consider the creativity not only as an 
instrumental capacity. 
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3. Creativity as Original Capasity  
A. A free action

The man’s action is a particular process. The changing 
caused by human intervention is not simply the necessary 
consequence of previous conditions: it is the expression of an 
act of freedom. In fact, man can do else: he is not bound to a 
specific result (how it happens in Nature) because he is capable 
to enlarging the boundaries of natural continuity and going 
beyond. 

When he acts, man initiates, begins, puts in motion 
something [4]. This start can not be fully anticipated by the 
previous events because it depends on the man’s initiative. Man 
– only the man – is capable to take the initiative. Man’s action 
has an only one cause: the man that did it. 

Each man is formed by this original capacity: he is capable 
to commence an action that could not happen else. Through the 
action of this extraordinaire capacity, the reality is not more 
only how it is, but it becomes how it could be [5]. 

The creative action can not be confused with an act of 
explanation. Thanks to the creative action, the changing can 
follow a “free” direction, namely a direction that the reality 
could not take without the free “interpretation” of each man. 

B. An unpredictable action
Concretely, the creative capacity that characterizes the 

human action translates in the creation of something  new e and 
unexpected. The action that transforms the order of reality, 
creating a “different” reality, is an unpredictable action.  

The creative action has not predetermined contents. The 
creativity does not allow anticipation: this action could not be 
an human action if anticipated. Moreover it does not allow 
computation: man could not be the author of his action if 
computed. 

Man becomes interpreter of reality creating a new and 
unpredictable version of reality: his interpretation does not just 
give a different order to things, but it gives them a sense and a 
value. The created order is vision of the world where every 
thing has a position and a meaning (not only a function). 

C. A perspective action
The renewal generated by human creativity can not be 

arbitrary. Creativity is not even a choice between many and 
indistinct possibilities. By acting, man gives to the reality of 
things a perspective. The chosen perspective has to be an 
authentic improvement. But which is the criteria of authenticity 
that must direct the creative action?  

Being human has to be an human being. By creating, man 
does not repeat a predetermined sequences of acts: his 
interpretation has to return the reality giving it a human version, 
namely a significance.  

This assignment of signification is an act of responsibility. 
In fact, the interpretation by which man creates is necessarily a 
response: it responds of humanity being but responds to each 
man too. 

By reason of this act of interpretation, creativity is always a 
judgment: this capacity recognizes the potential value into 
reality and takes a position to realize it. It is the reason in why 
the creativity acts as cause for. Man’s action is the only 
changing capable to act in the name of. 

Consequently, creativity is necessarily to be considered as 
decision and engagement too: it acts to put in place the 
recognized value and engages in the taken direction. 

Man’s action is not authentically creative when it does not 
respond, not decide, not engage: the action that is not 
responsible for human being is not authentically creative. Each 
man’s action must take a human direction. 

This act, however, is a capacity: therefore it remains a 
possibility. Its effective exercise is an educational task. 

4. Education for Creativity  
D. The practice of design

The creative changing is demand, research, design. The 
human changing is, at first, a form of thought that constantly 
asks: who? What? Where? At what time? How? Why?  

Il is necessary to educate to the demand. But the education 
has to educate to the most important demand: who is man? 
Nevertheless, the educational task is not solved in an act of 
cognition: the problem is not simply to know what or how is 
the man. 

The education has the task of cultivating the sensitivity 
toward human being: the attention is a fundamental practice in 
the creation of a human change. A inattentive action is 
insidious and devastating because it makes the change as a 
deformation. Only an attentive thought can research and 
recognize the man’s possibilities: being human is not a 
foregone conclusion, but it is novelty, surprise and also 
mystery [6]. 

Man must respond to these questions, but his creative 
action is not only a response: it is always a proposal because it 
design the image that will be the direction of human being. 
Design means, de facto, to choose the human destiny.  

For this reason, the education for creativity must exercise 
man’s action in situations where it is necessary a choice. But 
every choice is a judgment. 

E. The practice of judgment
The changing is truly creative only when man’s action 

gives to the changing a direction that meets the human sense. 
It becomes important, as consequence, to exercise the man’s 
capacity to judgment. The education must assume – once 
again – the task to build this capacity. 

This is what William Heard Kilpatrick asked since 1926 
when he wrote the pages of Education for at a Changing 
Civilization, in reply to the incessant scientific progress: If the 
progress of science is, as it seems, a growing tendency to 
criticize and to question institutions accepted until then,  
follows the demand that education shall if possible increase 
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the capacity to judge. Otherwise, destruction may flourish the 
expense of construction [7]. 

The judgment capacity that the educational process has to 
exercise is the capacity to distinguish between what 
“evidence” and what “denies” the human sense. 

However, the exercise of judgment is a very difficult 
practice. The judgment that gives form to the creative action is 
the act that gives commencement to the creative action: the 
judgment is the beginning and, as such, indicates the direction. 
Consequently the education for creativity is, first of all, the 
space for the reflection and the research of a unitary 
orientation. 

If the creativity starts through the practice of judgment, it 
means to transform the creative action in a real discipline. The 
creative process must be accomplished – all the time – as a 
process of fidelity, consistency and courage.  

5. The Future of Creativity  
F. The imperative

For man, creativity is not just a possibility, but a necessity: 
the human essence is in the creative action, in an action that 
redesigns the being human giving a sense, namely a different 
direction from the course of the Nature. In fact, if the change 
does not imply a creative direction, it remains mere extension 
of the past. If the change is just an extension of the past, it can 
not design a role, a position and a sense for the being human,  

Creativity is a necessity that has the power of the 
imperative. Only a creative direction raises the man from a life 
of repetition. Only a creative direction can open the space and 
the time for an action that designs and realizes the human 
being. In fact, the man that does not act creatively loses 
everything, that is, he loses the possibility to live freely and to 
give a meaning to own existence in the world. 

The story of each man depends from creativity. The history 
of humanity depends from the men’s creative actions. 

However, it is not sufficient the imperative of creativity to 
realize a new reality. It necessary to desire to realize the reality 
designed by the creative action. The man can realize a new 
world just when he desires sincerely the change and believes 
in what he desires. 

Then, it is necessary a “credo” to transform the succession 
of the changes in the realization of a design. 

G. The croassroad
Every change has to be marked by a direction: the 

direction is implied in the same idea of change. How can we 
design the human direction today? The choice can not be 
neutral because the question is an existential question. 

This neutrality is the problem of technology today. Of 
course, the technological intervention is one of the most 
significant expression of man’s creativity. However, it is 
thought and researched to be “ready to use”: it follows a 
freedom of the moment or a meaning appropriate to the 
situation. This to be “usable” has always a deadline and causes 
a untrue freedom and a evanescent meaning. Consequently, it 
is not a technology really compromised with an idea of human 
destiny. 

It becomes urgent that the technological expression of 
creativity compromises itself indicating clearly for which 
human being intends to act. 

Which human identity will the creative action propose? 
Which profile will the future image of human being have? In 
real terms, who will be the author and the receiver of the 
improvement realized by the creative action? 

The different responses meet themselves at a crossroad: the 
direction of creative action is marked by an image of human 
being that can be “individual” or “collective”. 

If the creativity will follow an individual direction, the 
creative action will become a competition: it will end with the 
victory and the supremacy of only one.  

If the creativity will follow a collective direction, the 
creative action will become a collaboration: it will work to a 
result to share with everyone. 

These directions present two radically different images of 
humanity and two radically different destinies of human 
existence: the future generations wait for our judgment and 
our design. 
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Abstract—In recent years, with the rapid development of 
economy and the continuous advancement of technology, the 
demand for high-level talents with expertise has been 
gradually increased in China. Master of Engineering (ME), the 
new education mode, has been developed rapidly. After 
briefing the status quo of the ME degree programs at home 
and abroad, this paper examines the current status of Master of 
Engineering degree programs in China from four aspects, 
namely the curriculum planning, graduation requirements, 
mentor qualities and the education system, by analyzing the 
results of a survey conducted in China’s universities. After 
pointing out the problems existed in the ME degree programs, 
this paper put forward four pieces of corresponding 
suggestions. 

KeyWords-master of engineering; degree program; 
curriculum planning; education 

1. Introduction  
In order to meet the need of China's economic construction 

and social development, change the situation of relatively 
simple type of engineering degree andimprovethe degree 
system with Chinese characteristics [1], the 15th meeting of 
State Council Academic Degrees Committee examined and 
passed the “Setting Plan for Master of Engineering degree”. 
Then Master of Engineering (abbreviated ME, M.Eng. or 
MEng)degree was decided to set up in China in 1997. 

ME degree programs focus on capacity-building, providing 
professional and technical personnel and managers who have 
qualifications in engineering for industrial, mining and 
construction sectors, especially for large and medium-sized 
state-owned enterprises. Master of engineering degree is 
divided into full-time ME degree and GCT ME degree. 

The history of developed countries in engineering 
education indicates: the emergence and development of 
engineering education is closely related to the historical stage 
of national industrialization and socio-economic development 
and in the phase of rapid development in industrialization, the 
demand of advanced applications for the enterprise and the 
society is increasing [2].The development of ME degree 
programs in China are in accordance with this law. Therefore, 
this paper explores the shortcomings existed in the ME degree 
programs in China and put forward suggestions by learning 
from the advanced experience of western countries, so as to 

improve the ME degree program which will play a more 
effective role in China’s economic development. 

2. Status Quo of ME Degree Programs at 
home and abroad  
A. Status quo of ME degree programs abroad

ME degree is a professional degree emerged recently in the 
United States. Generally speaking, studentscan earn the ME 
degreeby successfully completing a one-year program and 
those who want to pursue further study are provided with the 
opportunity to take the Doctor of Engineering degree programs. 
The curriculum of the ME degree program in U.S. is primarily 
structural, based on courses, and more emphasis on practical 
experience. Typically, business training, project designing and 
industrial internship experience are required for the ME degree 
instead of dissertation or general examination. 

The training aim of the high-level engineering education in 
Europe is quite clear. "Diploma engineer" system is used 
widely in Europe, has its fixed registration standard, known as 
the "FEANI" formula. The general formula 
is“B+3U+2E+2T”(or 1T1U, or 1T1E and so on). In the 
formula B indicates that it accepts education of high school 
level for 18 years, 3U indicates a 3-year engineering 
curriculum teaching 2E indicates at least a two-year 
engineering experience 2T indicates a two-year engineering 
training [3]. It is evident that the European countriesattachgreat 
importance to the connection between universities and 
industrial enterprises in order to train the students to be 
qualified engineers. Breaking the boundaries of the social 
division, the two parties make concerted effort to cooperate in 
providing high-level talents in the field of engineering. 

In Japan, a proportion of teachers in ME degree programs 
are specifically required to have professional experiences, 
preferably in a featured sector. Although both the professional 
and academic master degree programs require a minimum of 
30 credits, the professional ME degree does not require a 
dissertation [4]. 

B. Status quo of ME degree program at home
Since the pass of the "Setting Plan for Master of 

Engineering degree" in 1997, a growing number of colleges in 
China has developed ME degree programs. To be admitted, 
one must hold a bachelor degree and have related work 
experience. In 2009, in order to strengthen innovative ability of 
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MEstudents and improve the quality of the potential talents, 
China starts to set up full-time ME degree programs. 

MEdegree programs in China lasts 2 to 3 years, containing 
a series of coursework and a dissertation. The curriculum is 
designed primarily in line with the engineering field, with 
emphasis on the broadness of knowledge structure as well as 
practical ability of operation. Courses of the programs fall into 
three categories: basic courses, required core courses and 
elective courses. Teaching methods adopted are phase teaching, 
concentrated teaching andsub-paragraph scattered digestion. 
The research subject of the dissertation must be derived from 
engineering practice, with clear engineering background and 
application values. In the part-time ME degree programs, 
students are offered two-on-one mentoring, which means a 
supervisor from the college and an advisor form the enterprises 
will work together to help the students put the theories they 
have learned into practice. Besides, they usually choose the 
study direction and mentors based on the project they are 
undertaking in the companies. The full-time ME students, 
however, have only one mentor from the college and they 
make their choice by considering their interests of study and 
future career planning [5]. 

3. Empirical Study on ME Degree 
Programs in China  

With a brief look at the development of ME degree 
programs home and abroad, the author finds it necessary to 
further explore China’s situation so as to discover the aspects 
for improvement.  To better analyze the curriculum planning, 
graduation requirements andmentor qualities of ME degree 
programs in China, the author sent a total of 547 questionnaires 
to the students who are now taking the ME degree programs in 
certain universities in Beijing and Tianjin. A total of 478 
questionnaires were collected, of which 453 were valid for 
analysis. 

The survey has three parts and the results for questions of 
each part are shown in Table 1, Table 2 and 3 respectively. 

Table I shows that the current curriculum design is not 
reasonable, as it seen by the out-dated teaching contents which 
cannot keep pace with the developments of the courses, its 
narrow scope with limited interdisciplinary courses and its 
unpractical teaching standards by which the graduates are 
trained to be research fellows instead of engineers in great 
demand in industrial and mining enterprises. Furthermore, 
while the internet and other high-tech equipment have not been 
fully utilized as a supplementary means, the students get bored 
easily with the simple and single teaching method. Reform on 
the curriculum design and teaching method is urgently needed. 

TABLE I. VIEWS ON THE CURRICULUM DESIGN 

Question Yes No Cannot say

Whether the teaching contents 
are out-dated? 66% 10% 24% 

Whether there are plenty of 
interdisciplinary courses? 32% 48% 20% 

Whether theinternetand other 
high-tech equipmenthave been 
properly used? 

27% 68% 5% 

 

 

TABLE II. VIEWS ON GRADUATION REQUIREMENTS 

Questions High Medium Low

Requirements on depth of the study 74% 22% 4% 

Requirements on innovative ideas of the 
dissertation 25% 33% 42% 

Requirements on feasibility of the 
research 28% 30% 42% 

The strictness ofmid-terminspection and 
evaluation 32% 26% 42% 

 

Currently the graduation requirement for ME degree is 
simply getting a pass in the dissertation; therefore most of the 
graduates are not able to handle the operation of engineering 
projects in enterprises due to the lack of practical 
experience.According to the results shown in Table II, 
universities set a high standard for the depth of the dissertation, 
but a much lower requirement on creativity and feasibility and 
mid-term inspection and evaluation seems neither strict nor 
effective. As the universities are provided with autonomy to 
manage the education of ME, while the society’s role of 
supervising on the education quality has not been brought to 
full play, we can only rely on the consciousness and the self-
discipline of the universities to ensure the education quality of 
the ME degree programs.   

The students’ views on mentoring are illustrated in Table 3. 
The results show no difference between the mentors for Master 
of Engineering and those for Master of Science, since the ME 
mentors are neither required to have practical experience in 
industrial sectorsnorgiven the training opportunity to learn to 
train “application-type” talents. Nearly all the mentorstake 
other work responsibilities, including, but not limited to, 
teaching, conducting research projects and taking charge of 
administrative affairs. Mentors’ lack of time and energy as well 
as the lack of connection between colleges and enterprises lead 
to the fact that the students of ME degree programs can’t get 
useful instruction in their research and practice, which means 
that the mentoring system doesn’t produce the expected effect. 

TABLE III. VIEWS ON MENTORING 

Questions Yes No Cannot say

Whether the mentors take other 
responsibilities, such as teaching, 
conducting research projects and taking 
charge of administrative affairs 

99% 0 1% 

Whether the mentors can provide the 
students with constructive suggestionsin 
engineering practice? 

34% 56% 10% 
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Whether the students can get timely 
advices and instructions from the 
mentors? 

27% 68% 5% 

 

4. Lessions and Suggestions  
C. Readjustthe curriculum of ME degree programs

The current curriculum planning reflects that the programs 
give priority to impart theoretical knowledge, while ignoring 
practical skills training. To improve the ME degree programs 
in China, the coursework should notbe limitedto the existing 
materials, but focus on situation faced by enterprises.  Teachers 
should elaborate the fundamental theories, technical methods 
and examination methods, especially new knowledge, new 
technology, and new craft to students, via lecture in classroom, 
experiment, discussion and seminars. Practical courses can be 
taught in enterprises. Aiming at help the students gain practical 
experiences and solve the problem they are facing in 
enterprises, the curriculum should be designed on the principle 
of "widening the aperture, highlighting the point and focusing 
on application". In order to meet the needs of application-
oriented talents, colleges should make a specific curriculum 
planaccording to the “order” for some enterprises and 
institutions [6]. 

D. Reform the graduation requirements for ME degree
Most ME degree programs abroaddo not require a 

dissertation for graduation;instead, a practical project design is 
needed. In this way, after gaining the ME degree, students’ 
knowledge and skills can rapidly transform to enterprise's 
productive forces, so as to enhance enterprise efficiency. By 
contrast, all of the Chinese ME students have tocomplete 
dissertations and pass the defense, without linking the theory to 
practice. Therefore, the graduation requirements should be 
reformed. Students can choose to submit a dissertation, a 
project report, a transformation plan for technical process or 
other forms of work for graduation evaluation according to 
their own professional areas and interests. The graduation 
dissertation or projects should be practice-oriented, instead of 
only emphasizing on theoretical depth. The most important 
thing for the students is to grasp the overall operation of the 
projectand build their expertise in specific field. Thus the 
graduates with ME degree can take charge of the operation of a 
project as soon as they join the company and save the cost of 
personnel training for enterprises. 

E. Enhancethe quality of the facultyteam of ME degree 
program
The teachers of ME degree programs should both have the 

teaching ability and a wealth of experience in engineering 
practice. In west countries, most mentors have vocational 
experience and colleges are even encouragedto employ part-
time mentors who work in companies at the same time. To 
learn from their successful cases, colleges in China should 
enhancethe quality of the faculty team of ME degree program 
at three levels. First, teachers, especially young ones should be 
provided more opportunity for training and participating in the 

real projects. Colleges should systematically send some young 
teachers to related companies to take part in research and 
development of the new products and technical innovation, so 
as to enrich their work experience.Second, schools should 
invite outstanding entrepreneurs, senior managers and senior 
technical staff to give lectures, hold panel discussions and even 
to be teacherfor the ME degree programs. Last but not least, 
mentors should be seriously selected and carefully trained, and 
their responsibilities should be specifies, so as to guarantee the 
mentoring quality.  

F. Improvethe education system of professional degrees in 
the field of engineering
In the education system of professional degrees in the field 

of engineering, ME degree programs and Doctor of 
Engineering degree programs should not only be established 
and developed, but also be integrated with the Engineer 
Diploma building a more close relationship with industries. For 
example, those with a ME degree should be waived of the 
theory test and gain the engineer qualification certification after 
passing the test for operation, while those who have gained 
doctor degree in engineering could directly process the 
engineer qualification. The ME degree programs will be more 
attractive with the implementationof one of the 
principlesdeclared in“The Interim Measures for Approval of 
Professional Degree Setting”, which refers to the Clause 10 
that “those industrial sectors concerningprofessional degrees 
should gradually take the professional degrees into 
consideration as part of preferred qualifications for 
employment [7]. 

 

5. Conclusion  
This paper starts with an overview of the status quo of ME 

degree programs in China and abroad and conducted and in-
depth analysis from four aspects, namely the curriculum 
planning, graduation requirements, mentor qualities and the 
education system, by examining the results of a survey 
conducted among students taking ME degree programs in 
China.In order to learn lessons from the successful cases 
abroad and solve the problems existed in the ME degree 
programs in China,  the author proposed four pieces of 
suggestions, including readjusting the curriculum, reforming 
the graduation requirements, enhancing the quality of the 
faculty team and improving the education system of 
professional degree in the field of engineering. In the critical 
moment of China’s economic transition, ME degree programs 
have the most potential in the professional degree education. 
With the development and improvement of the programs, they 
will play an increasingly significant role in guaranteeing the 
successful transition of China’s economy and the steady 
growth in national comprehensive capabilities. 
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Abstract—The world has been always changing fast in such 
a wild pace that we will soon be left behind without 
continuous learning and developing which means it is 
absolutely necessary to be life-long learner for us in 21st 
century. The construction of life-long education system and 
society with learning atmosphere is a vital goal for the future 
development and reform on education in 20 years in China. 
The aim of this study is, while analyzing the necessity of the 
students' life-long learning (LLL) ability, to put forward some 
feasible and concrete measures which can improve the life-
long learning ability of college students. 

Keywords-lifelong learning; college students education; 
education reform 

1. Introduction  
Life-long education, a "Copernican revolution" in the field 

of education, is the modern education trend which influences 
the development and reform of the world education extensively 
and profoundly. It is an inevitable requirement for 
contemporary science and technology, economics, culture and 
highly social development. Once it has been put forward, 
"Lifelong education" with a new educational concept and 
abundant education connotation overturned people axiology on 
traditional education. The school education in the 21st century 
has to adapt to these changes and challenges mentioned above 
to meet the professional change in the process of social reform 
and the economic development. The university should pay 
attention to the cultivation of the students' life-long learning 
ability which teaches students how to study, think, innovate, 
survive promising, so that the learners can keep learning in 
their later life. 

The construction of the lifelong education system is a 
rational demand of the development of times. The dazzling 
changes in science and technology today gave rise to a rapid 
increase in the amount of information and caused some site-
specific information to lose their up-to-datedness in a fairly 
short time. Information is a life style, a form of thought and life 
in an information society. In such a period, the production and 
use of valid information is important. And the individual who 
is able to learn is one characteristic of the information society. 

Learning is becoming a kind of decisive factors that promotes 
the development of society and economics, boosts the progress 
of human civilization and the comprehensive development of 
people. With the rapid development of knowledge revolution, 
the total amount of knowledge is increasing sharply with 
geometric and the updated speed of knowledge accelerated 
dramatically. One-time learning, traditional concept that goes 
all the day, study, employment and life pattern have been 
behind, and LLL is becoming the basic need for subsistence 
and development. 

According to some researches, school education received 
accounts for only about 10% of a man’s necessary knowledge, 
of which the remaining 90% will be received while working. 
For this reason, one of the new paradigms accepted both in 
higher educational institutions and -in general- in the entire 
educational system today is ‘lifelong learning’. As a high-level 
training institution, higher schools have the responsibility to 
strengthen and develop the students’ LLL ability which is a 
central part advancing the higher education quality. While the 
lifelong education and LLL are becoming a social trend, the 
improvement of college students' ability, especially LLL ability, 
will help students to work and live better. LLL helps people to 
achieve other goals, such as taking an active part in civic life, 
leading a more sustainable lifestyle, and improving their health 
and wellbeing. 

2. Definition of LLL  
Generally speaking LLL means that learning should take 

place at all stages of life cycle (from the cradle to the grave) 
and, in more recent versions that it should be life-wide; that is 
embedded in all life contexts from school to workplace, the 
home and the community. With the development of the idea 
and practice of lifelong education, there are some definitions 
for LLL stated in the following:  

� Lifelong learning is a process in which individuals retain 
their development of knowledge, skills, and interest in 
their lives and opportunities of learning(Richardson, 1978) 
which deepens the theory of lifelong education from the 
standpoint of the educates. The main aim of LLL is to 
reinforce and improve the life quality of individuals by 
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enabling them to bring their own potential to the utmost 
level. 

� LLL is thought as involving all tactics that are put in place 
to created opportunities for people to learn throughout life. 
It should be a process of conscious continuous learning 
that goes throughout one’s life and directed towards 
offering both the individual needs and that of the relevant 
community, that will not only develop individuals to 
become responsible to themselves and their communities, 
but understand and involve actively at all levels of their 
societies (Abukari, A., 2004).  

� Learning in which a person engages throughout his or her 
life. It includes but is not limited to learning that occurs in 
schools and formal educational programs (Idahoe, 2009). 
Therefore Lifelong learning is the process of learning 
which occurs throughout all one’s life. In this case, LLL 
refers to formal and informal learning.  

3. Features of LLL  
European Commission sums up the lifelong learning ability 

as ”the eight key abilities” in the communiqué of 
Modernization of the education and training: for Europe's 

prosperity and social harmony , saying that ”the eight key 
abilities are core skills, knowledge and attitude that must be 
mastered by each European while making a hit in the 
knowledge society and knowledge economics.” These abilities 
are listed as follows:  

� Ability to communicate with native language;  

� Ability to communicate with foreign language;  

� Primary ability in mathematics, science and technology;   

� Information technology ability;  

� Ability to study;  

� Interpersonal and cross-cultural communication ability, 
citizen accomplishment;  

� Work spirit;  

� Cultural expression.  

So LLL ability, not only gives an eye to man's whole life, 
but also covers all the aspects of the human development, is 
such a ability that enable learners active, positive, creative, and 
comprehensive. To put it in other words, the individuals should 
be equipped with the basic information and skills for the sake 
of better understand and process information, and should be 
able to render the learning process more productive for 
themselves. Without these skills, either the possibility of 
learning decreases; or one can learn less with more effort. 

In this respect, some of the features of LLL can be 
summarized as follows: 

� Subjectivity: LLL emphasizing conscious learning 
activities of individual and autonomy learning is that 
learners, the center of lifelong learning, choose the time, 

place, and style for learning according to their own needs 
and take the learners' demand as the orientation. 

� Continuity: LLL includes a process from ‘cradle to grave’ 
without constraining it to specific time periods, 
organizations or institutions. 

� Multiple integration: LLL runs through not only the whole 
of one's life longitudinally, but also all the aspects of 
learning, connects the school study, family study, social 
learning and other occasions of the study together, which 
is also multiple integration of stereo. 

� Purpose: Lifelong learning emphasizes the individual role 
in the process of life-long learning. In other words, 
conscious learning arranged by individual intentionally is 
more valuable. A lifelong learner has a continuous 
aspiration for learning and the responsibility for his/her 
own learning. 

� Creativity: Lifelong learning requests learners to adjust 
their own learning goals, study contents, learning 
strategies, learning methods, to ensure the pertinence of 
learning and improve the learning effects. Key notions 
related to LLL are as follows: individuals’ ownership of 
the need for and the content of learning, related to the way 
for thinking rather than what to think about.  

4. Schools and Lifelong Learning  
The traditional education is that higher education is the 

culmination of education, which can provide benefit to the 
people of the knowledge that will be used in their entire life 
which means traditional higher education lays stress on 
"knowledge teaching", a kind of "professional education" or 
"discipline education". Lifelong education widens the field of 
vision for people from the traditional school education and 
expands the extension of education greatly. The school 
education is not the end, but the beginning of lifelong due to 
the saying “studying from the cradle to the grave”, The report 
announced in "higher education of the developing countries 
"by World Bank in 2000 points out that higher education is the 
fundamental basis education in the modern world, which is no 
longer a luxury but a taste. 

Colleges and universities are the fatal part and core force 
to construct the lifelong education system and create the 
learning society as the "producers, wholesalers and retailers" 
of knowledge, which carries a big weight in producing, 
accumulating, spreading and applying knowledge. However, 
just as Christopher `K, Poole and Arthur` J. Cropley said, we 
tend to think that carrying out the best solution of lifelong 
education will be realized by designing the special plan for 
adult education and providing time to achieve learning 
opportunities, while ignoring the fact that the main body of 
students in institution of higher education are still traditional 
full-time college students entering into the institutions of 
higher learning directly from the middle school. It is the main 
mission for the higher school to prepare themselves for bigger 
tasks prior to life-long learning which is not only a 
significance to people's modes of learning, but also their 
learning contents. Facing to turbulent waves of lifelong 
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education and the learning society, colleges and universities 
must vary as the traditional teaching notion changes referring 
the instruction of knowledge as their responsibilities, and put 
forth efforts to foster student's LLL ability.  Iman, the 
UNESCO assistant officer, points out that the concept of 
learning to study means that the educated people will know 
where they can quickly and accurately find what they really 
don’t know. It is estimated that 80% of the time is 
used to impart knowledge and the remaining 20% of 
the time is used to acquire the learning methods and research 
techniques. This situation will definitely be changed in the 
future in education system at all levels, especially in higher 
education stage. The rapid spread of information will 
necessitate individuals who are able to know how and where 
to obtain information, and who are selective in their choice 
rather than all-knowing individuals, in other words, there will 
be a need for individuals who are able to learn learning 
(Numanoglu, 1999). 

5. Discussion  
Model of instruction should give priority to learners. In a 

lifelong learning oriented school, some of the basic factors are 
putting the student and his/her needs into the centre, a self-
directed learning through learning how to learn, and life cycle 
(Bryce &Withers, 2003). Higher schools should change their 
main direction from education of imparting knowledge to 
developing learners' learning ability which means learn to 
study, learn to behave, learn to live and learn to develop. In 
order to achieve this, a skill-based curriculum and supportive 
educational programs should be prepared as well. So colleges 
and universities should shift traditional teaching methods 
which centers around the teachers, classrooms and teaching 
materials to advocate participatory teaching. They should also 
inspire students to think for themselves, pay special attention 
to develop the students' innovation spirits, develop their ability 
to acquire and apply knowledge and information, develop the 
ability of independent thinking ability and the innovation 
ability in the teaching activities, so that they can get the 
necessary knowledge and skills to be used while they 
participate in the change economic development and the social 
life. In addition, colleges and universities should not only 
carry out various kinds of extracurricular activities that make 
the best of positive roles of all kinds of professional clubs, 
folk groups and other informal organization, but also improve 
the students' self management ability, organization skills and 
explored consciousness on their own initiative . In short, in the 
most general sense, schools should be organized in such way 
as to provide students with social skills, learning skills and life 
skills, and the skill of how to seize opportunities.  

Attach importance to apply to the new technology of 
science and technology. Specifically, in order to develop 
learning skills, the use of educational software and modern 
information and communication technologies at schools, and 
the use of national and international nets should be encouraged 
(Bryce, Frigo, McKenzie, Withers, 2000). Modern information 
technology has found an increasingly wide utilization in the 
field of education, especially with the development of 
education network, which have broken through the space and 

time limitation of school education and provided 
unprecedented materials and technical conditions so that 
everybody can study in everywhere ever and again flexibly. 
On the one hand, colleges and universities must carry out the 
information and technology education to improve the students' 
information literacy. On the other hand, they should develop 
network technique and distance education while taking full 
advantage of modern information technology means including 
computer technology, network technology and multimedia 
technology. 

The main term in the realization of LLL activity is 
information literacy, as information society consists of 
individuals who learn all their lives. Those who learn all their 
lives long are able to employ the information easily that is 
needed for solving a problem or making a decision. 
Information literacy which is a skill of obtaining, using, and 
conveying information is the basis of lifelong learning. In 
order to put the principals of LLL ability into practice, we 
need to encourage individual and social development, and also 
master a computer-based world (Knapper and Cropley, 2000). 
To sum up, for a lifelong learning, social environments should 
be created in which individuals are given the opportunities to 
develop themselves both personally and socially, and 
individuals should be rendered competent in computer literacy 
as dictated by the needs of information society. 

Make the most of abundant resources of the school library. 
School libraries which possess many special points of 
superiority such as abundant literature materials, flexible 
learning styles, warm and thoughtful navigation service of 
information and convenient places to study and so on, have 
proved to be important places of LLL. The colleges and 
universities should adhere to the principle of the supremacy 
for readers and cater for learners in real earnest. First of all, 
the libraries should train the student of their scientific reading 
methods. In the next place, the libraries should provide some 
professional instructional bibliographies timely and effectively 
for the students to help them to solve the problems in the 
process of studying and life. Finally, the school libraries 
should do more efforts in the cultivation of the readers’ 
accomplishments of information, such as giving a lecture 
about retrieval information to students regularly, designing 
and making a good library homepage of this school, 
recommending excellent websites about education to the 
students and so on.  

LLL results from integration of formal, non-formal, and 
informal learning to create ability for continuous lifelong 
development of quality of life. In the past, education meant 
formal educational institutions that served people within a 
certain time period; on the contrary, in the information age the 
existence of educational/teaching environment without regard 
to time and place prevails. Formal learning includes but is not 
limited to participation for, post high school education 
provided by colleges and universities; community, military or 
occupationally sponsored programs; professional counseling 
and proprietary schools. Informal learning includes, but is not 
limited to, seeking advice from an expert, experienced peer or 
adult; using a library or other resource centre and setting up a 
self-directed learning project -leading toward valuing LLL 
(Pongratz, 1996). 
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At present, continuing education are found in many 
universities which has become the important component of the 
common university in China while becoming to be the main 
force carrying out continuing education. However, taking one 
with another, common universities, are still not playing a full 
role due to problems such as weak initiative, single mode of 
running a school, narrow avenue of running a school, overall 
little effects and so on, which means it is still a long time to 
meet the needs of launching a learning society. Thus, common 
universities should be charged with more responsibilities of 
education for adults after graduating from universities. 
Colleges and universities should reform the personnel training 
mode, promote to set up the educational mechanism of 
combining learning with research and production, strengthen 
the communication between education and non-academic 
education and expand social learning opportunities. The ability 
to cater for the development of the economics and the society 
has to be enhanced for universities enabling themselves to be 
important carriers of lifelong learning. Ultimately colleges and 
universities should open up new curriculums and teaching 
materials which reflect the new knowledge and technology 
combine the teaching contents with the reality of production 
and life together quickly. 

6. Conclusion  
In the 21st century, we all need to be lifelong learners. Our 

world is changing around us in such a frantic pace that if we do 
not continue to grow and develop; we will soon be left behind. 
We need to keep our skills sharp and up to date so that we have 
an edge in all we do (Eggelmeyer, S. 2010).In conclusion, 
higher education is undertaking the important function to 
diffuse civilization, train talents, innovate science and 
technology and cater for the society which take on the lofty and 
divine mission in the construction of life-long education system. 
Higher education must emancipate the mind, change the idea to 
cultivate high quality talents who possess solid foundation, 
innovative thinking and practice ability. 

REFERENCES
[1] Abukari, A. (2004). Conceptualising Lifelong Learning: 

A Reflection on Lifelong Learning. (pp.1-21), 1st 

International euredocs conference sciences: 
Transformations experienced by higher education and 
research institutions in European countries, Paris.  

[2] Bryce, J.&Withers,G. (2003). Engaging secondary school 
students in lifelong learning. Australia: Australian 
Council for Educational Research. 

[3] Bryce,J., Frigo,T., Mckenzie, P.&Withers, G. (2000). The 
era of lifelong learning: Implications for secondary 
schools. Australia: Australian Council for Educational 
Research. 

[4] ������� �*`
�>���� 	��������� ��!��������!��� ���!����!��
society and education. Kastamonu Education Journal, 
13(1), 55-66. 

[5] Colardyn, D. & Bjornavold, J. (2004). Validation of 
Formal, Non-Formal and Informal Learning: policy and 
practices in EU Member States. European Journal of 
Education, 39 (1), pp.69-89. 

[6] Crowther, J(2004). “In and against” lifelong learning: 
Flexibility and the corrosion of character. International 
Journal of Lifelong Education, 23(2), 125-136. 

[7] Eggelmeyer, S. (2010, November 11). What are the 
benefits of lifelong learning? Expert Answer. Retrieved 
2011 Sep. 30, from:http://continuing-
education.yoexpert.com/lifelong-learning/what-are-the-
benefits-of-lifelong-learning-445.html. 

[8] Hildebrand, D. S. (2008). The powerful benefits of 
lifelong learning. Winnetka, California; USA, Retrieved 
2011 Sep. 30, from: 

[9] http://www.officearrow.com/training/the-powerful-
benefits-of-lifelong-learning-oaiur-861/view.html. 

[10] Idahoe (2009). Glossary, Idaho electronic compus, Idahoe, 
USA. Retrieved 15 May 2011 from: 

[11] http://www.idahoe-
campus.state.id.us/tools/glossary.html#learner. 

[12] Knapper,C.K, & Cropley, A.J. (2000). Lifelong learning 
in higher education, 3. Ed. London: Kogan Page. 

[13] Nordstrom, N. M. & Merz, J. F. (2006). Learning later, 
living greater; the secret for making the most of your 
after-50 years. Colorado; USA, Sentient Boulder CO 
Publishing. 

[14] Numanoglu, G. (1999). Bilgi toplumu-egitim-yeni 
kimlikler-II: Bilgi toplumu ve egitimde yeni kimlikler.  

[15] Pongratz, E.M. (1996). Lifelong learning in young adult 
literature. Unpublished doctorate thesis, The Pennsylvania 
State University. 

[16] Richardson, P.L.&others. (1978). Lifelong learning and 
public policy.Wacshington:D.C.U.S.Government Printing 
Office. 

 

Copyright © 2012 SciRes. 75



Research on Personnel Cultivation of Higher Engineering 
Education in China

From Perspective of Problems and Solutions based on
Training Process

 

Zhang Xue 
School of Basic Medical Sciences  

HeBei United University 
Tangshan, China 
rosets@163.com 

 
 

Abstract—In the past 10 years, higher engineering 
education has developed rapidly, and made the contribution to 
the modern engineering education system. However, 
cultivation of higher engineering education students meets 
new problems. Therefore, it is essential to deal with the 
problems to improve the quality of higher engineering 
education, and good advice should help engineering graduates 
more suitable to society.  

Keywords-higher engineering education; personnel 
cultivation; problems and solution; training process 

1. Introduction  
In recent years, with the rapid update of science and 

technology, engineers play an important role in promoting 
economic and social development. Therefore, the cultivation of 
engineering talents decides the level and speed of engineering 
technology, and has influence on the industrial competitiveness 
power. The higher engineering education occupies an 
important position in higher education structure, and becomes 
the main channel for cultivating engineers, thus supporting the 
development of engineering science and technology of the 
nation. Therefore, many countries are promoting engineering 
education reform and development, trying to cultivate the high-
quality engineers to maintain the advantage in competition. 

2. The Definition, Characteristics and 
Status Quo  
A. the Definition and Characteristics

The higher engineering education is a specific education 
based on technological science, with the aim of cultivating 
engineer who can transfer science and technology into 
productivity [1]. It emphases on application in practice from 
theory, points at the capability of solving on-site engineering 
problems, focuses on team-spirit training.  

Faced with the rapid and great changes of 21st century, 

American Engineering and Technology Certification Board 
made 11 assess standards for the new engineering education 
talents, including: (1)  the capability of the application of 
mathematics, science and engineering knowledge, (2) the 
capability of design, laboratory analysis and data processing, 
(3) the capability of designing component, system or process 
as needed, (4) the comprehensive capacity of various training, 
(5) the capability to validate, guide and solve engineering 
problems, (6) the knowledge of profession and social 
responsibility, (7) the ability to express and communicate 
effectively, (8) the understanding of the impact of engineering 
problems on the global environment, (9) the ability of life-
long learning, (10) the knowledge of today’s problems, (11) 
the capacity of application of various techniques and modern 
engineering tools to solve practical problems. Thus, the 21st 
century requires engineering graduates to have composite 
knowledge structure, comprehensive ability, and higher 
engineering quality [2]. 

 

B. the Status Quo
At present, the higher engineering education in China 

developed rapidly, making a lot of success. Firstly, in China, 
the education scale expands rapidly with engineering at 
university holding the largest share. In 2010, engineering 
students was about one-third of the total number of college 
students, the largest share of higher education. Secondly, 
education structure gets optimized. Professional master's 
degree based on application and practice has been affirmed and 
developed rapidly. Master of Engineering accounted for the 
largest share in 2010, with the total enrollment of 3.86 million 
people. Now we start the pilot of Doctor of Engineering 
Graduate Education [3]. Thirdly, the graduates have made 
significant achievement after graduation in the field of coal, 
metallurgy, petrochemical, manufacturing, electricity and 
transportation. 
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3. Main Problems of the Cultivation  
Higher engineering education in China has made 

achievements, as scale expands, quality improves and 
efficiency increases. But compared with developed countries, 
there are still large gaps and many problems as below: 

C. Unclear Cultivating Objective
China once followed the example of the Soviet system to 

set professional major, which focuses on the professional 
personnel target training [4]. After the reform, we found its 
limitation and began to explore the general education, the way 
of the United States. However, China's corporate research and 
development strength is relatively weak, and the engineer 
cannot be easily cultivated in the enterprise. In China's higher 
engineering education system, there is still a large controversy 
on how to train scientists or engineers. And it is a question to 
cultivate generalist or specialized personnel.  

There is not enough coordination between degree, system 
and multi-level training requirements in engineering education. 
The training objective of the multi-level education and the 
division is not very clear, lack of characteristics. And there is 
still blind pursuit of high-level tendency. For example, some 
universities of technology are blind to the integrated direction, 
resulting in a single level and only one mode, unable to adapt 
to the diverse needs of the society. 

D. Old Teaching Content
The problem exists in both traditional and emerging majors. 

The course content updates behind the times, and the theory is 
divorced from working practice. Many so-called new or 
revised materials is still in the original system with the content 
lack of knowledge that reflects the disciplinary development of 
cutting-edge new science, new technologies and new thinking. 

E.  Lack of Practical Process
In higher engineering education curriculum system, the 

theory classes occupy too large proportion, but the practice 
classes including hours of design, experiment, practice, trainee, 
graduate design share small parts. Too much emphasis on the 
theory of knowledge, while ignoring the practice of knowledge, 
results in theory not fully with practice. And practical lessons 
are just to test, review, consolidating to knowledge. Therefore, 
the graduates of Higher Engineering Education are mostly lack 
of practical ability, creative spirit, and practical problem-
solving capability in integrated and complex project. 
Meanwhile, the drawback of communication and teamwork is 
demonstrated more prominent. 

F. Single Teaching Method
Teaching method and model is usually an injection of 

knowledge education, which put too much emphasis on 
knowledge scheduled to teaching and acceptance of knowledge. 
The lack of interaction between teachers and students is the 
main problem, and it is difficult for students to actively 
participate in teaching activities. Traditional teaching methods 
and models are hard to help develop students' divergent, critical 
and creative thinking which is conducive to innovation ability. 

Besides, the above approach ignores the differences between 
different students, and it is not conducive to the personality 
development of students. 

G. Away from Enterprise Needs 
Engineering education which is not closely linked to the 

enterprises, and lack of forward-looking perspective on the 
market, has been revealed as a serious problem in the job-
hunting market. For example, enterprises need a lot of 
engineering and technical personnel, but the graduates of 
Higher Engineering Education, cannot find the job which 
matches with their highly educated degree, due to the obsolete 
knowledge and little innovation. 

4. The Training Paths to Explore  
Under the present circumstances, Higher Engineering 

Education in China must establish a reasonable education 
system and training mode in line with the requirements of the 
times, in order to meet the requirements of engineering and 
technical personnel in the context of globalization. 

H. Clear Training Objectives
Higher engineering is a system, which includes professional 

education, undergraduate education, graduate education and 
postgraduate education. Engineering education at all levels 
should accurately locate their own training objectives. Higher 
professional education focuses on the cultivation of skilled 
personnel with the initial training of engineers. Undergraduate 
training completes the basic training of engineers. Graduate 
education cultivates senior specialists of the highest level. To 
be specific, master degree has higher requirements on the depth 
and breadth than the undergraduates and for doctoral students, 
the goal emphases on science and technology researchers and 
teaching staff.  

Graduate education should be not limited to a single scholar 
model, but further adapt to society. The interdisciplinary 
Master of Engineering, Doctor of Engineering will gradually 
become an important form of graduate training. Higher 
Engineering Education mainly aims at training personnel who 
will work at first line of production, so it is important to build 
good foundation of knowledge and expertise, as well as to 
strengthen practical ability to work. Graduate as a complex 
talent with an interdisciplinary cross-professional degree will 
be welcomed by enterprises. 

I. Optimize the Teaching System
Higher Education of Engineering has its own training 

objectives, academic settings, teaching content, teaching 
methods and management system. It is essential to adjust 
professional setting, expand professional caliber, broaden the 
basis of discipline, and change to adapt to the needs of the 
community project, which fully reflects the requirements of 
knowledge, ability and quality. 

It is advisable to revise teaching plan according to the 
modern engineer training objectives, and to determine the 
proportion of various types of courses. It also should increase 
in the experimental design, trainee, internship and other 
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practice hours and update teaching content by using the 
cutting-edge, advanced and practical new textbooks. Thus, it is 
indispensible to focus on interdisciplinary integration, broaden 
their knowledge, and enhance adaptability. 

The re-application, re-practice, and re-solve the problem 
should be highlighted. Teaching method such as on-site 
teaching, case teaching, and participatory teaching should be 
used. To strengthen the application of modern teaching 
technologies and means, such as computer-aided teaching, 
online teaching, and to encourage students to identify and solve 
the problem in practice should be high lightened. 

J. Enhance the Project Training   
Higher Engineering Education requires engineers to lay a 

solid foundation of knowledge, with the actual ability to solve 
the engineering and technical problems. It is urgent to train 
qualified engineers for Chinese universities to strengthen the 
teaching of engineering practice, and modern engineering 
training for students.  

Engineering training is the real factory production process 
to train students to have engineering practice competencies, 
skills, and to develop the awareness of students' engineering 
process. China's universities should cooperate with industrial 
enterprises in the field of project, curriculum design, case 
studies, production practice and graduated design, closely 
combined with engineering practice.  

Modern engineering training enable students to fully 
experience the innovation process, to develop students' 
awareness of creative thinking and innovation capability. 
Students operate by themselves, and to design, process, 
produce, learning not only innovative design in production, but 
also a comprehensive system throughout the training process. 
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1. Introduction
The process industries are those industries where the 

primary production processes are either continuous, or occur 
on a batch of materials that is indistinguishable. At present, 
process manufacturing is common in the pharmaceutical,
chemical, food, beverage, and biotechnology industries. PAC 
(Process Analytical Chemistry) and PAT (Process Analytical 
Technology) are two important conceptions related to the 
quality analysis and control in process industries. In 1987, 
Callis firstly divided PAC into 5 stages on the basis of various 
analytical operation areas and ways [1], which are named as 
off-line, at-line, on-line, in-line and noninvasive analysis. On-
line analysis also can be divided into intermittent and 
continuous analysis. PAC is the art and science of making 
measurements for the purpose of control of large scale 
chemical processes. The first real-time measurements in a 
production environment were made with modified laboratory 
instrumentation. In the last decade, multi-functional, automatic

and portable instrumentations have been developed for 
immediate analysis. Under the background, PAT emerges at 
the right moment. Quite different from the common techniques, 
it becomes a framework for innovative development, 
manufacture and quality assurance in September 2005 defined 
by FDA. Current level of product quality is generally adequate 
for the intended use, but the process by which the producers 
achieve relative level of quality is inefficient. So FDA mainly
wants to propel pharmaceutical manufacturers through this 
framework to adopt innovative technologies for process
control without fearing production delays or validation risks.
Four PAT tools are needed for generation of process 
understanding as follows [2]:
(1) Multivariate data acquisition and analysis tools;  
(2) Process analyzers; 
(3) Process monitoring and control tools;  
(4) Continuous improvement and knowledge management 
tools.  

On the basis of guiding principle of “Quality by Design
(QbD)”, the FDA is encouraging pharmaceutical industry to 
build up a system for “designing, analyzing and controlling 
manufacturing through timely measurements (during 
processing) of critical quality and performance attributes of 
raw and in-process materials and processes, with the goal of 
ensuring final product quality.” To be clearer, it is urgent to 
adopt industrial process analytical technology and improve 
quality and production efficiency in the first half of 21st 
century. 

2. PAT Development Situation both at 
Home and Abroad

During the last 20 years, the number of papers about PAT & 
PAC indexed in Web of knowledge is rapidly increasing
(shown in Figure 1). This obvious trend has proved that real-
time 
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Figure 1. The number of  papers about PAT & PAC indexed in Web of 
knowledge during the last 20 years.(Keywords including "process analytical 
technology", "process analytical chemistry", "process analytical technique",

"on-line analysis in pharmaceutical", "real-time monitoring in 
pharmaceutical" and "process control in pharmaceutical")

monitoring and analysis techniques are attracting great interest 
from academic and industrial circles. Actively advocated by 
FDA, more and more pharmaceutical factories begin to pay 
attention to the importance of PAT in the production process 
of drugs, and make effort to realize relative proposed PAT 
applications. For instance, AstraZeneca has completed the 
construction of PAT system in one of its factory, and near 
infrared (NIR) spectroscopy is employed to control blending 
of active pharmaceutical ingredients (APIs) and employ an 
open-ended coaxial probe in situ monitoring and control of 
moisture content in pharmaceutical powder processes. Pfizer
is handling its quality control through "Right First Time" 
(RFT) program, a global quality and efficiency improvement 
component of PAT. Sanofi-Aventis has successfully applied 
PAT tools in production process of solid oral dosage forms,
including monitoring impurities and thickness uniformity of 
tablets. In China, Tasly Group is cooperating with Tianjin
University to upgrade the old automated production line of
dropping pills and real-time control system. Northeast 
pharmaceutical group is inviting tenders for modern PAT 
system which will be used in the biggest production line of 
Vitamin C in the world. Recently, the integration of PAT and 
economic management methods also propelled the 
development of process monitoring and control. For example, 
many aspects of the industry have adopted Six Sigma.
Similarly, both PAT and 6� are process oriented approaches to 
achieve efficiencies, reduce cycle time and improve quality. 

In all the PAT techniques, spectroscopic instruments and 
methods play the role of the major force, and possess obvious 
advantages such as rapidity, simplicity, non-destruction and 
portability. These advantages make them more suitable to 
perform in-line and noninvasive analysis. Near infrared (NIR) 
and mid infrared (MIR) spectroscopy have been recommended 
as the most popular spectroscopic tools for predicting quality of 
diesel/biodiesel blends (density, sulfur content, and distillation 

temperatures), and the former has also been used as an analyzer 
to determine the effect of key operating conditions on recovery, 
selectivity, and productivity for production [3]. It will take 2 
hours to check aluminum-plastic packaging according to the 
methods in European pharmacopoeia, but only 2 min is needed 
by NIR analysis. Compared with high-performance liquid 
chromatography (HPLC), NIR can save 98% of quantitative 
analysis time for cephalosporin. Furthermore, NIR analysis is 
increasingly used in the identification of herbal materials and 
quality control in production process of traditional Chinese 
medicine. Moreover, ultra-violet spectroscopy, nuclear 
magnetic resonance (NMR), Raman spectroscopy, mass 
spectrum (MS), attenuated total reflectance (ATR), Fourier 
transform infrared spectroscopy (FTIR) and focus beam 
reflectance measurement (FBRM) have been used as process 
analyzers in above applications (see Table I). 

TABLE I. WORLDWIDE PAT METHODS AND THEIR USAGE PERCENT [4] 

PAT Methods Percent PAT Methods Percent

Spectroscopy 38% Particle Size 6%

Electrochemistry 28% Mass spectrum 4%

Software 12% Others 6%

HPLC 6%

On the other hand, the development of optical-fiber and 
acoustic sensor is driven by the continuous need for simple, 
rapid, and continuous in-situ monitoring techniques to monitor 
density, refractive Index and temperature of liquids and
solvents. Recently, the use of laser optical fibers as a probe or 
as a sensing element is increasing in pharmaceutical industrial 
applications. Excellent light delivery, long interaction length, 
low cost and ability not only to excite the target molecules but 
also to capture the emitted light from the targets are the main 
points in favour of the use of optical fibers. The biggest hurdle 
to use optical methods online is the problem of “window 
fouling”. In order to solve this problem, GEA Pharma Systems 
(GPS) invented the Lighthouse probeTM. It is the only probe on 
the market that can clean its observation window online and is 
suitable for R&D up to continuous production. It stretches from 
a stand-alone on-line LOD sensor to a complete integrated
solution capable of using online multivariate models. Moreover, 
Custom Sensors & Technology is a company that can supply a 
GMP compliant light-induced fluorescence (LIF) sensor to 
address a wide range of fluorescent process analytical problems 
- in particular tumble blending within the pharmaceutical 
industry.

3. Impetus from CPAC for the 
Development of PAT&PAC

CPAC (Center for Process Analysis and Control) is a 
academic alliance which was established at the University of 
Washington in 1984 and is focused on developing tools that 
enable process optimization, control and quality improvements. 
CPAC Satellite Workshop in Rome concerns on multi-
disciplinary and multi-industry developments of micro-reactors 
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and micro-analyzers which impact future high throughput
research and novel approaches to production, particularly in the 
pharmaceutical industries. By virtue of its contact relationship 
with industrial circle and government agencies, it devotes to 
help every member to develop new PAT techniques using its 
own resources. CPAC initiatives and platform projects mainly 
includes bio-process monitoring, micro-reactors and 
instrumentation, new sampling/sensor initiative for process 
optimization studies and chemometrics for on-line process 
analysis. Up to 2006, CPAC has contributed to the study of 135 
PhDs and published more than 400 research articles. Its 
members attended the FDA committee related PAT and 
training for the inspectors and commentators of FDA who are 
responsible for writing opinion book about PAT [5].

The development of enabling technologies for the 
processing industries is being effectively propelled by CPAC 
with an emphasis on process optimization and process 
intensification. From 1996 to now, CPAC holds a special topic 
meeting in every summer. In 2012, there are even four 
important meetings in schedule, which includes Rome Meeting 
(March), Spring Meeting (May), Summer Institute (July) and 
Fall Meeting. Relative meetings organized many surveying
scientists, automation engineers, data analyzer and micro 
instrument manufacturers to discuss the multi-disciplinary
interaction, specific implementation program, and new 
conceptions together with advanced techniques, etc. Through 
advocating such activities, wisdom is pooled for mutual benefit
and the consciousness of PAT has been popularly accepted and 
grown stronger.  

4. Need for Domestic Education to 
ADAPT International PAT Requirment

Since pharmaceutical engineering specialty was established 
among Chinese higher learning institutions in 1998, there have 
been 150 universities enrolling students and 12-15 thousand 
graduates in every year. Educational levels are ranging from 
college students to doctoral students. University type includes
comprehensive universities, universities of science and 
engineering, medical and pharmaceutical universities, normal
universities, and even universities of post and 
telecommunication. Because of the short history of Chinese
pharmaceutical engineering education, it is inevitable there are 
some problems. Teaching level, teacher resource and 
experience are very various, and some course contents follow 
and copy those of medicine and pharmacy-related specialties.
Both engineering characteristics and the relationship with 
pharmaceutical industry are not enough. In this regard, the 
writers believe that it is necessary to take the following
countermeasures to solve above problems. 

(1) Closely follow the developments of the 
pharmaceutical industry, strengthen the construction of 
pharmaceutical engineering education

PAT is entering the stage of industrialization and 
globalization. In the next few decades, the implementation of 
PAT will be an important change occurring in pharmaceutical 
field, which will have significant impact on relative industry.
Current pharmaceutical companies need a long process to fully 

understand and implement PAT program. So it is urgent to
increase inputs in the education and training of pharmaceutical 
engineering talents. In the present situation, a few domestic 
colleges and universities open the course of PAT and PAC for
the education of pharmaceutical engineering. Process analytical 
chemistry is generally introduced as a branch of analytical 
chemistry briefly, but few Chinese teaching materials have
been published or used. 

It is worth mentioning that Capital Normal University has 
began its positive attempt, and PAC becomes an elective 
specialized course for the students (2007 senior students) major 
in applied chemistry and teacher in 2010. In this process, they 
found that some problems that exist in the curriculum and
teaching contents: PAC is an interdisciplinary course  
involved in process engineering, analytical chemistry, control 
engineering, systems engineering, instrumental analysis and 
testing, information science, applied mathematics and other 
disciplines, which requires students with quite a discipline 
basis. But the relevant professional students are short of 
groundwork supported by corresponding courses; the course 
contents mainly come from foreign textbooks and journal 
articles, such as the monograph “Process analytical 
technology” edited by Katherine A. Bakeev and published by 
John Wiley & Sons, or those reviews published in the
American Journal of Analytical Chemistry. The domestic 
classes have not the appropriate teaching materials. PAC & 
PAT are closely related to the actual production process, so a
common university laboratory can not meet the requirements of 
the relative corollary experiments well. Ideal teaching 
experiments need to be designed and conducted with the help 
from industrial quality control department; On the other hand, 
laboratory conditions are needed to be improved and the actual 
environment of industrial scene needs to be simulated. Above 
explorations have provided a valuable reference for solving the 
problems in the PAT teaching contents and course settings.  

PAT pharmaceutical engineering education has lagged 
behind relative technical development, so it is necessary to 
introduce PAT concept into pharmaceutical engineering 
education and find the gap between the requirements of PAT 
and existing curriculum contents as soon as possible. It is 
needed to deeply analyze the similarities and differences 
between domestic and foreign pharmaceutical engineering 
curriculums and contents. Under the joint promotion from 
educational guidance committee, universities and 
pharmaceutical industry circle, it is hopeful and achievable to 
improve and reform the pharmaceutical engineering education 
and training to meet the CGMP requirements at all levels.

(2) Pharmaceutical industry should play a more active 
role in the PAT pharmaceutical engineering education

Traditionally, the task of personnel training and basic 
science education is mainly taken by universities. Meanwhile 
enterprises are responsible for the induction training and 
training for new technologies. PAT in the pharmaceutical 
industry obtains its continuous development in the GMP 
process. As the initial proponents and the ultimate 
implementers of PAT, the enterprises need to play its due role 
in pharmaceutical engineering education. Referring to the 
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practice experience of CPAC in recent 20 years, it is best to 
establish the relevant departments to organize and promote the
cooperation among industrial, academia and research people 
for PAT R&D and education. Only on the basis of the actual 
requirements in the industrial production, the production 
practice and field experience, good teaching books can be 
written to satisfy the requirements from teachers and students
to combine the advantages of the resources and teachers, unless 
they will be completely divorced from reality and useless. As
another way to establish relationship with universities, the 
enterprises should provide more internship trainee
opportunities and establish related bases for students to help 
them improve understanding of the PAT apart from classrooms,
just like the efforts from academic unions, industry and 
enterprises of CPAC in these 20 years. There was also a 
foreign example that University of Dallas (Texas) cooperated 
with the Dow Chemical Company to publish the textbook of 
“Process Analytical Chemistry (PAPAC)” and distributed it to 
teachers to help them teach PAC to the students in 2002. The 
course materials are written based on PAC R & D team's 
knowledge and experience in Dow Chemical Company [6]. 

(3) Raise the level of teachers and cultivate teacher-
engineer complex talents

The team of qualified teachers is essential for training high-
level talent. Due to historical reason of pharmaceutical 
engineering, in Chinese colleges and universities the majority 
of teaching staff is short of engineering concept which is 
mostly with pharmacy background. Teaching of drug analysis 
is very different from which of process analysis. On the other 
hand, some teaching staff majoring in engineering control are
inapprehensive for the specificity of drug production. PAT 
involves many disciplines, and needs a strong foundation and 
knowledge in different practical fields. Facing the shortage of 
professional PAT teaching personnel in the domestic 
pharmaceutical engineering education, it is urgent to improve
the PAT level of employed teachers and cultivate teacher - 
engineer composite teaching personnel. More training and re-
education are much-needed for most of teachers to make them 
fit the role, meanwhile teachers must spontaneously devote into 
relative learning, training and research to improve their own
level. Some experienced senior engineers also can be hired as
visiting professors to teach on the podium. In a word, only the 
qualified and excellent teaching team can ensure to handle the 
disciplinary teaching contents and realize educational
objectives in the greatest extent. In addition to the teachers' 
self-learning, the related departments need to propel the plan 
and organization of education, visiting and training with 
specific purpose. 

(4) Improve the conditions of PAT practice teaching
PAC & PAT are closely related to the actual production 

process, which require related teaching to have 
strong practical and operational. The existing conditions of the 
vast majority of university laboratories can not meet the 
process analysis technology requirements of the experimental 
course. Old experimental contents about off-line analysis 
should be decreased or deleted. Many process analysis
instruments and equipments are needed; otherwise the students

will always indulge in empty talk and master nothing. For 
instance, our department has purchased fiber optic 
spectrometer and employed it in PAT teaching to show its 
application both in the extraction process of natural medicines
and synthetic process of chemical bulk drugs on our self-made 
industrial control simulation platform. More investment needs 
to be added in the laboratory construction and improvement of 
the experimental conditions, on the other hand educational
agencies need to actively contact pharmaceutical companies, 
and even environmental monitoring departments to design 
relative teaching experiments and strengthen the practical 
application of PAT methods.  

5. Conclusions
PAT has become one of the new trends of the U.S. cGMP

reform in the 21st century. It is entering the stage of 
industrialization, which will have a significant impact on the 
pharmaceutical industry. In order to meet the requirements of 
the PAT development, China's pharmaceutical engineering 
education needs to adapt to the development of the 
pharmaceutical industry, and continue to adjust and update the 
curriculum, the teaching contents and teaching modes.
Pharmaceutical industry should be actively involved both in 
the PAT pharmaceutical engineering education and in the 
research program; through various forms, the knowledge basis
and PAT level of pharmaceutical engineering teachers should 
be greatly improved, which can make them become complex 
interdisciplinary talents as soon as possible; the improvement 
of laboratory construction, practices of teaching and learning 
conditions should follow up in the same pace. Only in this 
way, it is realistic to train more and more professionals to 
meet cGMP requirements.
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Abstract—To improve the capability of the students on 
studying the basic knowledge and practice in pharmaceutical 
engineering, we analyzed the teaching aim and characteristics 
of pharmacy administration. Improved methods and 
approaches of teaching were proposed in this paper. 
Furthermore, we discussed how to push the teaching 
innovation. 
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1. Introduction  
Pharmacy administration is a comprehensive discipline in 

the pharmaceutical engineering filed, it is also a crossing edge 
subject generating from mutual cross effect of pharmacy, 
sociology, economics, law, management and behavioral 
sciences ect. This subject has wide coverage and substantial 
content, and it almost involves in all fields of pharmacy and all 
organizations of pharmacy administration. On one hand, the 
subject is a compulsory course for students majored in 
pharmacy. On the other hand, it is a necessary subject of the 
national licensed pharmacist examination. Therefore, the 
abilities of analyzing problems through primary theories of 
pharmacy should be necessary quality for pharmacy workers, 
which can enable them to accumulate management experience 
and enhance the actual work ability. 

In theory, compared with other subjects, pharmacy 
administration has many terms of relevant regulations, which 
are boring, dispersive, and incoherent to learn. So to improve 
pharmacy administration teaching methods and teaching 
quality has become an urgent problem needed to be solved as 
soon as possible. And pharmacy administration is a subject 
with the characteristic of application and practice, so it has 
great significance to explore the teaching methods that 
combine theory teaching with practical application for 
improving education quality, pushing forward quality 
education and developing students' innovation spirit and 
practical capability. 

 

2. The Reform and Innovation of 
Teaching Methods  

Pharmacy administration is a subject which largely 
contained the nature of social science and its content is mainly 
expressed with words. It is boring for students to learn. In order 
to effectively inspire the initiativity, positivity and creativity of 
students, to develop students’ creative spirit and practical 
ability, and to strengthen the quality education, we ameliorate 
our teaching methods as the following aspects. 

A. The heuristic teaching method
For the purpose of developing students’ self-learning ability, 

literature searching ability and the ability of collecting, sorting 
and analyzing information, we may adopt the heuristic teaching 
method, which can attract attention of students and effectively 
inspire studying interest of the students. During the process of 
teaching, teachers must play the leading role, and encourage 
students to think actively and solve problems by themselves. 
According to the characteristics of the course content, we select 
relevant sections, and apply the “Question discussions” method 
into teaching practice. First of all, teachers ask questions 
according to the basic requirements of this chapter and 
encourage students to preview with questions. Then a 
particular student is specified to elaborate his opinion. Finally 
the teacher makes a concluding speech. For example, when the 
teacher gives a lesson about “legislation of drug 
administration”, he can put forward some questions, such as if 
you're going to establish a pharmaceutical production 
enterprise, how will you bid for it in accordance with the 
procedures provided by law and carry out production 
management lawfully, if you’re a drug supervision 
administrative personnel, how will you supervise and regulate 
drug-production enterprises, drug-handling enterprises and 
medical establishments, etc. 

B. The case teaching methods
Pharmacy administration also is a subject which has wide 

application. Combining typical cases with reality oriented 
explanation in the teaching can make the abstract knowledge 
become vivid tangible events from abstractness into speciality, 
from boring to interesting, and then more easy to understand. 
The great advantage of the case study method is to change the 
traditional teaching methods only by improving teaching mode. 
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The change adequately captures the enjoyment, practicalness 
and application of teaching and achieves the "combination in 4 
aspects" in pharmacy administration, namely “combination of 
theoretical study and practice”, “combination of imparting 
knowledge and cultivating ability”, “combination of the 
teachers’ guiding role and students’ main role”, “combination 
of classroom teaching and extracurricular independent 
learning”[3]. When teachers teach their students about the laws 
involved in pharmacy administration, they can use the case 
study method. For example, when giving a lecture about drug 
administration law, teachers can select typical cases, ask 
students to have “group discussion”, choose a student to 
summarize his team’s viewpoint, and then teachers again make 
out a summary according to the student speech and list items of 
relevant laws. So that everyone can learn and master laws in a 
relaxing and jovial atmosphere. 

C. The multimedia teaching method 
Due to the special requirements of drug production, the 

number of field personnel in the production workshop 
restricted strictly and before entering the workshop, people 
need to change clothes cumbersomely. So the on-the-site 
teaching is limited. However, the multimedia technology can 
eliminate the time-space limitations of the teaching. By 
collecting photos and video at the job site or summarizing the 
illegal cases of drugs, successful cases of drug-production 
enterprise, cases of drug administration and some other 
relevant content that is not described in books to make 
multimedia courseware according to the syllabus, which can 
enrich the class. This vivid penetrating teaching method brings 
students fresh feeling, extends the students' scope of 
knowledge, improves students' learning interest and cultivates 
the students' observation, analysis and problem solving ability. 
Besides, the use of modern multimedia teaching technology 
can save time, increase the teaching information, make 
teaching more intuitive and more palatable, so as to increase 
the teaching effect and efficiency. 

D. The field teaching method 
Pharmacy administration is a highly pragmatic subject. The 

boring lectures often make students difficult to understand. 
Through visits internship and practice will consolidate and 
enhance the students’ understanding of theory, increase 
students' interest in study, widen students’ vision and thinking 
and cultivate students' practical ability, which will lay the solid 
foundation for their work in the future. For instance, it is boring 
to learn the rules of the Good Manufacturing Practices 
(GMP)of drugs, if the teacher could take students to visit the 
production front line and invite technicians who have certain 
theoretical level and practical experience as instructors, it will 
enable the students to get deeper understanding of requirements 
of GMP to production management, quality management and 
creation management, besides it will let students have the 
further understanding of job responsibilities, work assignments, 
work flows and job requirements. In this way, teachers will be 
able to make the knowledge explains thoroughly, the students 
can understand easily, remember firmly and know well about 
pharmaceutical factory as quickly as possible, which could 
help the students to quickly integrate into the new work 
environment and carry out their work successfully[4]. The 

introduction of the field teaching method not only increases 
students' perceptual knowledge, but also deepens the 
understanding of pharmaceutical quality system. 

3. The Concrete Methods of Deepening 
Teaching Innovation  
E. To strengthen the teaching material construction of the 

Pharmacy administration
As a subject with great comprehensiveness, pharmacy 

administration refers very extensive scope, the research content 
is not in-depth and the teaching material is too comprehensive 
and quite scattered. Therefore, it is necessary to set research 
key points in the process of the subject construction to make it 
gradually consummation. In addition, pharmacy administration 
is intersecting science, it is highly complementary, correlated, 
confluent with other subjects. Along with the development of 
subjects, we should combine different research directions on 
the basis of studying relevant knowledge widely for integration 
and accumulation. Only in this way, we can greatly promote 
the development of the subjects. Moreover, the teaching 
material of pharmacy administration should keep track of the 
recent development trends, absorb international advanced 
theory, research methods of pharmacy administration and 
update the subject content according to the latest national drug 
policy, the latest “Methods of Medicine Registration and 
Management” and drug advertising management approach, in 
order to make pharmacy administration study more timely and 
accurate. 

F. To improve the methods and means of teaching 
The traditional teaching mode of pharmacy administration 
pays attention to theories, and makes light of practice. In order 
to solve the problem, teachers should change the traditional 
method of teaching by introducing the case study method and 
increasing the proportion of case teaching, through which 
management theory of pharmacy administration could be 
mastered and the quality of teaching will be further improved. 
Although, at present, the case study method has been adopted 
by some college teachers, the teaching content is so obsolete 
that can’t keep up with world developments in pharmacy 
administration. The quality of the teaching cases is critical to 
the success of the case study method, so when collecting the 
cases, we must pay attention to the authenticity, typicalness, 
novelty, and generality of the cases. In teaching, modern 
education tools will be used to broaden information collection 
channels, explore and neaten new teaching cases, then built a 
case base and improve the level of the case study method 
utilization. In addition, the modernization of teaching methods 
is one of the important targets to achieve the aim of teaching 
innovation, which requires teachers must keep pace with the 
times and make full use of multi-media techniques and 
methods. But now teachers still fail to give full play to its due 
role, making multimedia courseware and video still be much 
limited. In the future, great breakthroughs should be made in 
courseware making and the use of network resources. 
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G. To teach in a joint teaching and advance with the times
Due to pharmacy administration is a subject that has 

strongly policy-natured and topicality, which requires the 
instructors to read professional magazines, newspapers and 
update the relevant policies and regulations, such as "Methods 
of Medicine Registration and Management", administration 
regulations on drug distribution ect, so as to present the latest 
and the best teaching content for students. At the same time, 
pharmacy administration is a applied and practical course, it 
almost involves in all fields of pharmacy and all organizations 
of pharmacy administration, therefore, teachers should go to 
the drug regulatory agencies, drug manufacturers or hospitals 
to study and understand the latest development of this field. In 
the process of teaching, the introduction of social investigation 
combines theory with practice and deepen the students' 
understanding of the social practice and knowledge [5].  
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Abstract—In order to better support the development of 
higher education of Chinese pharmaceutical engineering and  
encourage the career development of young personnel in 
Chinese pharmaceutical engineering field, ISPE and Sichuan 
University jointly organized the first China Student Poster 
Competition in Pharmaceutical Engineering at the end of 
August 2011. The academic competition helps to arouse and 
foster college students’ interest and potential, and also attracts 
enterprises to put forward their technical difficulties and hot 
points in manufacture. The excellent professional knowledge 
and sincere voluntary spirit of ISPE members ensure the 
smooth going of this competition, and increase teachers and 
students’ understanding for ISPE. 
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1. The Training of Pharmaceutical 
Engineering Personnel and the Role of the 
Student Competition 

Since the pharmaceutical engineering major was first set 
up in 1998, there have been more than 210 universities that set 
the profession for the undergraduate education, which 
becomes the fastest-growing major in chemical and 
pharmaceutical category. However, it is an urgent problem in 
how to improve the quality of personnel training, promote the 
student scientific research and innovative thinking, and 
explore new training mode in the pharmaceutical engineering 
education.  

The academic competition helps to arouse and foster 
college students’ interest and potential, competitive awareness, 
innovative spirit, practical skill, sense of teamwork, and 
broaden knowledge, so academic competition has significant 
importance for comprehensively improving the quality of 
personnel training. Sichuan University has undertaken the 
undergraduate innovative research projects for many 
years, and proved that these projects played a positive role for 
personnel training of scientific research and innovative 
thinking. Supported by Ministry of Education and schools, a 
few universities also started to perform various 
undergraduates’ innovative scientfic research activities. 
However, the effectiveness of these activities is basically 
evaluated internally by school, and the lack of mutual 
communication between universities is mainly due to the 
limitation of communication platform.  

In the area of pharmacy, pharmaceutical group of the 
National Pharmaceutical Experiment Teaching Demonstration 
Center organized nationwide Pharmacy / Traditional Chinese 
Medicine students experiment competition in 2009. In the 
chemical field, there is a biennial national undergraduate 
chemistry experiment competition. Both the events achieved 
favorable results. In this context, there is an urgent need to 
have a nationwide student competition or platform for 
pharmaceutical engineering profession to promote the further 
development of student research activities. In the chemical 
field, there is a biennial national undergraduate chemistry 
experiment competition. Both the events achieved beneficial 
results. In this context, there is an urgent need to have a 
nationwide student competition or platform for pharmaceutical 

*The paper and relative studies was supported by the 
project on the construction of pharmaceutical engineering 
feature specialty authorized by ministry of education of China 
(2010-2012).  
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engineering profession to promote the further development of 
student research activities. 

 

2. The First China Student Poster 
Competition in Pharmaceutical 
Engineering 

International society for pharmaceutical engineering (ISPE), 
as the world’s largest non-profit organization in pharmaceutical 
engineering area, has been committed to the training of 
technical experts, and guides the global technology innovation. 
So far, ISPE has gathered more than 22,000 professionals from 
over 100 countries. 

Sichuan University is one of the few institutions in the first 
enrollment of pharmaceutical engineering major in 1999. Over 
the years, Sichuan University has conducted a series of 
education researches in pharmaceutical engineering personnel 
training, the professional curriculum, practical teaching, 
school-enterprise cooperation, internationalization and so on, 
and gradually forms its “Science and engineering integration, 
practice-oriented, innovative training" school characteristics. 
On the basis of these achievements, Sichuan University has 
the opportunity to participate in the 2010 national 
pharmaceutical engineering characteristic specialty 
construction project. Among domestic colleges, Sichuan 
University took the lead in establishing cooperative relations 
with international pharmaceutical engineering association, 
ISPE, and launched a series of exchange activities, such as 
establishing the only ISPE student chapter in China, 
undertaking the translation of the ISPE professional English 
vocabulary and the “ISPE raw material drug production 
guidance”. Every year, several ISPE senior industry members 
give lectures at Sichuan Univerisity. ISPE China office has 
provided Sichuan university’ pharmaceutical engineering 
students with ISPE technical publications at the value of 
$2,000, funded totally five students attended ISPE China 
Annual conferences and arranged visits and practices at 
Chengdu Institute of Biological Products, Chengdu Kanghong 
Sagent Pharmaceutical, and the Chengdu Rongsheng 
pharmaceutical company. Two members of the Current ISPE 
China Council are pharmaceutical engineering professors from 
Sichuan University and the current chairman of ISPE China 
Branch of students and youths is a pharmaceutical engineering 
teacher and two graduates of pharmaceutical engineering from 
the university served as members in the Branch. The 
professors and students have played an important role in the 
ISPE China Council and the subsidiary professional 
committee. Due to the extensive communications, teachers 
and students achieved a deeper understanding about the 
international pharmaceutical industry and the regulatory 
development.  

In order to better support the development of higher 
education of Chinese pharmaceutical engineering, to 
encourage the career development of young personnel in 
Chinese pharmaceutical engineering field, to widely promote 

the creative thinking and research skills of students majoring 
in pharmaceutical engineering, to effectively lead the 
transformation of Chinese pharmaceutical engineering 
education system, to strengthen the training of the future 
pharmaceutical engineering professionals, and to promote the 
process of internationalization of Chinese pharmaceutical 
industry, ISPE and Sichuan University jointly organized the 
first China Student Poster Competition in Pharmaceutical 
Engineering at the end of August 2011. There are 42 students 
(including undergraduates, masters and doctoral students) 
from 11 colleges (including Zhejiang University, Tianjin 
University, Sichuan University, East China University of 
Science and Technology, South China University of 
Technology, China Pharmaceutical University, Shenyang 
Pharmaceutical University, Hefei University of Technology, 
Wuhan University of Engineering, Zhengzhou University, and 
Taizhou University) enrolled in this competition. The first, 
second, third Prize and award of Excellence were decided by 
24 domestic and foreign professors and pharmaceutical 
industry experts through the tele-reviewing and video 
conferencing review. The first prize winner was funded to 
participate in the ISPE global annual conference held in Dallas 
in November 2011.  

3. Inspiration of the First China 
Pharmaceutical Engineering Student 
Poster Competition 
3.1 Strengthening of the Mechanism for Training 
Engineering Talents 

The poster competition is open to all students majoring in 
the field of Pharmaceutical Engineering. The contents include: 
(1) the application of process analytical techniques in 
pharmaceutical manufacture; (2) industrial scaling up and 
optimization for API manufacture; (3) industrial dosage-form 
manufacturing process development; pharmaceutical facility 
design and optimization; (4) application of QbD in process 
study; (5) the EHS (Environment-Health-Safety) in 
pharmaceutical manufacture; (6) automation and 
informationization of pharmaceutical manufacture; (7) studies 
and applications of the new version GMP and other 
regulations in pharmaceutical engineering; (8) drug logistics. 
This competition aims at furthering pharmaceutical and 
biological engineering students’ learning and application of 
“Unit Operations of Chemical Engineering”, “Chemical 
Engineering Drawing”, “Chemical Engineering Facilities and 
Instruments”, and so on. Meanwhile, it attempts to encourage 
the students from the fields of Pharmacy Science, Chemical 
Engineering, Pharmaceutical Engineering, Mechanics of 
Engineering and other disciplines to participate. It makes up 
the shortfall that there is still no domestic professional 
competition in Pharmacy and Chemistry-related fields and 
offer students one more opportunity, apart from Chemical 
Engineering Design Competition, of practical scientific 
training, foster students` skills of learning, practicing, design 
and academic writing. Besides keeping freedom of choosing 
topics, it attracts enterprises to put forward their technical 
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difficulties and hot points in manufacture as innovative topics, 
thereby to incubate new academic growing points. 
3.2 Promote Deep Industry-Academia Collaboration  

With the appreciation of the effect of student competitions 
by students and colleges, various competitions flourish. 
Industry-Academia collaboration co-sponsored by national 
industry associations and colleges and universities’ 
professional teaching of the Steering Committee, has become 
an essential sustainable fashion for most competitions. It is 
impossible for pharmaceutical engineering students’ 
competition to expand influence by the large scale as a minor 
discipline. The only solution is to found a high-level excelsior 
competition. Suitable engineering talents can be find by 
incorporations, the “double-quality” teacher groups can be 
promoted and students, colleges and incorporations both 
benefit from this competition. 

Valuing the Industry-Academia collaboration and gaining 
incorporations’ involvement are not only for financial support, 
what’s more important is to obtain professional technical 
support, improve competition organization by deriving 
incorporations’ advanced management system, provide a good 
platform for communications between the incorporations, 
teachers and students. 
3.3 Facilitate “double-quality” teaching forces  

The subject of this competition are student, while the 
directors are their teachers. For some historical reasons, in most 
pharmaceutical engineering discipline of domestic higher 
schools, teaching faculty having pharmacy background lacks 
related sense of engineering practices, it is requisite to foster 
and strength multi-disciplinary compound teaching talents.  

Teachers, who direct students to take part in foremost 
competition, should need to renew and enrich their professional 
knowledge, to improve their own practical professional ability, 
practical engineering ability. This would hasten the 
construction of pharmaceutical engineering discipline mode 
and its maturity. Also, the related colleges and universities 
obtained a favorable external environment in co-building 
Engineering Practical Education Center in pharmaceutical 
engineering field, fostering “double-quality” pharmaceutical 
engineering professional teacher groups and training 
international talents with better foreign language skills. 
3.4 Boost International Collaboration  

Pharmaceutical Engineering Student Poster Competition’s 
preparations has shown that ISPE’s support for Chinese 
colleges and universities’ development improves from initial 
academic and student member enrollment to hosting practical 
events collaboratively. During the competition, the excellent 
professional knowledge and sincere voluntary spirit of ISPE 
members ensure the smooth going of this competition, and 
increase teachers and students’ understanding for ISPE. The 
collaboration between Academy and industry (internal and 
external) was further strengthened by intensive communication 
with ISPE members and the recommendation of veteran 
experts. More pharmaceutical enterprises could contact and 
search pharmaceutical engineering students as reserved talents 
through this platform. 
 

4. Concluding Remarks 
Pharmaceutical engineering student competition is an 

important means to foster innovative ability of undergraduate 
and postgraduate students, which takes positive career 
development of student as the point. High-level Industry-
Academia collaboration would profit students, universities and 
industry. Therefore, the pharmaceutical engineering student 
competition would serve and support the global development 
of China pharmaceutical industry and the education of 
foremost engineering talents in Chinese universities. 
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Abstract—In order to express the engineering master’s 
culture status of biotechnology from some enterprises, by 
questionnaire, 27 engineering masters from some enterprises 
and 22 academic masters from two universities, were 
investigated on the graduate students’ origin, their tutors’ title, 
the enterprise size and classify, their dissertation theme 
emphasis and classify, and the experiment condition for their 
dissertations. The results indicated that, the engineering 
masters were better than the academic masters on the practice 
condition and the practice chances, whereas, the academic 
masters markedly excelled the engineering masters on the 
tutors’ level, the test condition, and the innovation 
environment of science and technology. 
  
Keywords-engineering master; enterprise culture; 
biotechnology specialty; comparison 

 
1. Introduction  

Since 1984, the engineering master culture has performed for 
over 20 years many engineering masters are cultured into the 
practical talents of engineering[1-3]. The engineering masters’ 
culture is a type of all graduate students’ education as the 
academic masters, but the former emphasize particularly on 
culturing the practical and composite talents for some 
enterprises [1, 4-6], therefore, comparison with the academic 
masters, it is very different at the students’ types, culturing 
approach, and knowledge frame [7, 8]. But there are many 
questions during culturing of the engineering masters, they 
mainly are shown that, its’ culturing approach lacks diversity, 
the culture object isn’t clear, moreover, the teaching teams of 
the tutors from some enterprises need to be enhanced, and so 
on [6, 8-10].  

Biotechnology, an engineering master specialty, is bringing 
into very important role at food, medicine, and so on. But its’ 
engineering master culture status from the enterprises was 
scarcely reported. So this paper arm is to try to research the 
fact by questionnaire. 

2. Investigation Methods  
 
By questionnaire, 27 engineering masters from some 
enterprises and 22 academic masters from Tianjin University 
of Science and Technology and Tianjin University of 

Commerce, were investigated on the graduate students’ origin, 
their tutors’ title, the enterprise size and classify, their 
dissertation theme emphasis and classify, and the experiment 
condition for their dissertations. The engineering masters 
study on the biotechnology specialty at the enterprises, while 
the academic masters mainly study on ferment engineering 
specialty. 

3. Results and Discussion  

A The graduate students’ origin and their tutors’ title
There were difference between the engineering masters and 
the academic masters at the graduate students’ origin (Table 
1). The in-service staffs and the equal educational background 
students of the engineer masters were more than those of the 
academic masters. 

The educational background and the positional title of the 
research supervisors were listed in Table 2. The research 
supervisors from the schools excelled the research supervisors 
from the enterprises on the educational background and the 
positional title, so the latter should be improved. 

Table 1   The graduate students’ origin 
 Fresh 

graduates
Former 
year's 

graduates

Equal 
educational 
background

students

In-service 
staffs

Engineering 
masters

59.3% 18.5% 22.2% 18.2% 

Non-engineering 
masters

77.3% 22.7% 0% 0% 

 
Table 2   The educational background and the positional title of the research 

supervisors 
Educational 
background

College 
diploma

University 
diploma

Postgraduate
diploma

Research 
supervisors from 
the enterprise

18.5% 66.7% 14.8% 

Research 
supervisors from 
the university

0% 9.1% 90.1% 

Positional title Junior Intermediate Senior
Research 
supervisors from 
the enterprise

11.1% 29.6% 59.3% 

Research 
supervisors from the 
university

0% 0% 100% 

B The enterprise size and classify
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The investigation from the enterprise size and the enterprise 
classify was shown at Table 3. Many enterprises were of 
moderate size, and most of them were pharmacy and food 
corporations. On technique level, many enterprises were 
denominated at High and New Tech. Corporation, but the 
enterprises of possessing postdoctoral scientific research 
workstation were only 18.5%. 

Table 3   The enterprise size and classify 
Enterprise
size

1-10 person 11–50 
person

50–100 
person

Over 100 
person

22.2% 40.7% 18.5% 18.5% 

Enterprise
classify 1

Pharmacy Food Research 
and 

exploitation

Others

40.7% 25.9% 14.8% 18.5% 

 
Enterprise
classify 2

High and 
New Tech. 

Corporation

Non-High 
and New 

Tech
Corporation

Possessing 
postdoctora
l scientific 
research 

workstation

Non-
possessing

postdoctora
l scientific 
research 

workstation
88.9% 11.1% 18.5% 81.5% 

The dissertation theme emphasis and classify
The dissertation theme emphasis and classify were listed at 
Table 4and 5. The dissertation theme from the engineering 
masters focused on the research of middle reaches (such as 
technology optimization) and the research of down stream 
(such as component purification), whereas the dissertation 
theme from the academic masters focused on the research of 
up stream (such as screening gene engineering culture) and 
the research of middle reaches. The dissertation from the 
engineering masters mainly reflected technology 
breakthrough and researches, whereas the dissertation theme 
from the academic masters mainly reflected application 
foundation researches. 
 

Table 4   The dissertation theme emphasis 
 Research 

of up
stream  

Research 
of middle 
reaches

Research of 
down 

stream  

Others

Engineering 
masters

14.8% 63.0% 51.9% 11.1% 

Academic
masters

54.5% 59.1% 31.8% 0% 

Table 5   The dissertation classify 
Applicati-

on 
foundatio

-n 

Technology 
breakthrou

-gh and 
research

Industry
or 

technolo-
gy design

Layout or 
managem-

ent

Academic
masters

The experiment skills as needed for the students
The experiment skill as needed for the masters was divided 
into five types by biotechnology specialty: asepsis operation, 
cell culture, component determining, nucleic acid analysis and 
protein analysis (Table 6). Two types of the masters mostly 
needed to grasp the experiment skill of asepsis operation, cell 
culture and component determining, otherwise, the academic 
masters must grasp the experiment skill of nucleic acid 

analysis and protein analysis. 
 

 
Table 6   The experiment skills as needed 

Asepsis 
operati-

on

Cell 
culture

Compo-
nent

Determ-
ining

Nucleic 
acid 

analys-
is

Protein 
analysis

Engineering 
masters

85.1% 95.6% 100% 14.8% 40.7% 

Academic
masters

100% 100% 100% 81.8% 77.3% 

The equipment condition for students 
The main equipments and the experiment condition evaluation 
were listed in Table 7 and Table 8. By their research project, 
the experiment condition must meet the masters to grasp the 
skill on asepsis operation, cell culture, component 
determining, nucleic acid analysis and protein analysis for 
accomplishing tests. Table 7 showed that the enterprises were 
markedly inferior to the universities. 

Table 7   The main equipments used as accomplishing tests 
Asepsis 
operati-

on

Cell 
culture

Compone-
nt

Determin-
eng

Nucleic 
acid or 
protein 
analysis

Enginee-
ring 
masters

Number
of person

66.7% 59.3% 88.9% 48.1% 

Equipme-
nt in 
common 
use

Sterilize
-ng 

retort, 
Asepsis 
operatio-

n desk 

Fermentat-
ion 

equipment
, oscillator 

Photometer
, 

chromato-
gram 

PCR 
apparatus, 

electrophor-
esis 

equipment 

Academic
masters

Number 
of person

100% 100% 100% 72.7% 

Equipme-
nt in 
common 
use

sterilizin
g retort, 
Asepsis 
operatio-

n desk 

Oscillator, 
Fermentat-

ion 
equipment 

Photometer
, 

chromatog-
ram 

PCR 
apparatus, 

electrophor-
esis 

equipment 
Table 8   The experiment condition evaluation at the institutes 

Number of 
person 

accomplishing 
all tests at an 
enterprises

Number of 
person 

accomplishing all 
tests at two or 

more institutions

Number of 
person 

accomplishing all 
tests at a school

Engineering 
masters

59.3% 37.0% 3.7% 

Academic
masters

0% 27.3% 72.7% 

F The masters’ experiment time for their dissertation
The masters’ experiment time for their dissertation was 
divided into work time per day and all experiment time of 
performing the dissertation (shown as Table 9). The time the 
engineering masters sparing were markedly longer than that 
of the academic masters.
 
Table 9   The masters’ experiment time for their dissertation 
Experiment time per 
day/hours

Under 5 5–7 7–9 Over 9

Engineering masters 7.4% 3.7% 70.4% 18.5% 
Academic masters 31.8% 40.9% 27.3% 0% 
All experiment time 
of performing the 
dissertation /Months 

Under 12 12–18 18–24 Over 24

Engineering masters 3.7% 14.8% 55.6% 25.9% 
Academic masters 18.2% 40.9% 36.4% 4.5% 
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4. Conclusion  
There are very different between the engineering masters and 
the academic masters on the practice condition and the 
practice chances, the former are better than the latter, whereas, 
the academic masters markedly excelled the engineering 
masters on the tutors’ level, the test condition, and the 
innovation environment of science and technology.  
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Abstract: Utilizing the methods of documentary 
research, fieldwork, expert interviwing and so on, this 
paper have taken much survey in terms of cognition and 
value identity situation of Central Plains folk custom 
sports culture, the motivation of attending this activity, 
the development requirement trend and this culture 
heritage development and creation requirement trend and 
so on to realize the value identity and requirement of 
Central Plains folk custom sports cultural resources 
development from the public, further to wake up the 
attention from the public about this cultural resources 
which provide the culture and heritage protection, 
ecnomic constructure and culture constrcture with 
theoretical references and practical instruction. 
Keywords: folk custome sports; resource development; 
cultural heritage protection 

1. Introduction
Central Plains is considering as the main birthplace 

of the Chinese nation, is the cradle as well which once be 
supposed to be the political, ecnomic and cultural centre 
for a long time in history[1] where gradually formed into 
Centre Plains culture after thousands of years’ 
civilization. Folk custom sports is reffering to a kind of 
sports handed dowm from folk custom, folk culture and 
folk live style; a kind of special cultural morphology 
going with and satisfy various needs[2]; a kind of special 
sports cultural morphology created by the public and 
thus enjoyed and passed down by the public[3]. Region 
and folk-custom are the main characteristics of folk 
custom sports. There must be differences in 
characteristics and forms of folk custom sports refferring 
to the different custom habit[4]. Centre Plains folk custom 
sports cultural resource is a kind of activity content of 
accumulation from Centre Plains folk custom activity, 
spreading in festival, marriage, funeral, custom carnival 
and custom amusement with local feature and national 
style in terms of body building, amusement, performance 
and sporting competition. 
Culture value system with modern meaning morphology  
is under construction. Culture is becoming the spirit 
power and need of time of cultural construction. This 

paper aiming at understanding the value identity and 
requirement of Central Plains folk custom sports cultural 
resources development from the public, further to wake 
up the attention from the public about this cultural 
resources which provide the culture and heritage 
protection, ecnomic constructure and culture constrcture 
with theoretical references and practical instruction.

2. Survey Object and Study Method
A. Survey object

The basic situation of the poll is devided into the 
following: sex ratios; age sections; education backgroud 
announcement; occupation announcement; 
habitation;economic salary distribution. 

 
B. Study method

1).Documentary research method 
The considerable document and materials were 

accomulated via internet and disc index, consulting 
history materials and the refferring books to understand 
the existing study accompulishment to lay the 
foundations. 
2). Survey method 
a). Fieldwork method 

Observing the situation when people took the folk 
custom sports at morning and evening practice and to 
gain material at first hand by investigating on the spot. 
b). Expert interview method 

Experts in folk custom, history, sports and folk actors 
were consulted to gain much more precious materials. 
c). Questionnaire method 

The questionnaires were mainly extended in cities, 
towns and countries in Kaifeng, Luoyang, Zhenghou, 
Shangqui and Nanyang in Henan province at the 
morning and evening practice involving Public Sports 
Administration, teachen in folk custom sports, culture 
station and folk actors with each area 2000 
questionnaires with effective percentage reaching 89.5%.  
d). Statistics method 

SPSS software were adopted to classify and 
mathematially counte the questionnaires and colleced 
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materials in convention  

3. The Result and Analysis of the 
Survey
A.The survey of cognition of Centra Plains folk 
cutstom sports culture and value identity from the 
public

Cognition signifies an activity which people acquire 
knowledge by recognizing the objective 
things[5].Cognition of Central Plains sports means the 
understandinig of its program, value and knowledge 
which are knowledge reserve and mental preparation to 
attend this activity. The level of cognition directly 
influence the public’s participation initiative and 
enthusiasm. So that, some question were set such as “Do 
you know what folk custom sports is?”, “Have you been 
attened or seen folk custom sports?”, “When do you 
know any program about folk custom sports?”. The 
result shows that there is no obvious difference in 
cognition among people in different age, occupation, 
ecnomic salarty but quite obvious among people in 
different level of education, health condition and 
residences. There were 86% people aged above 36 years 
old know what folk custom sports is, 79% people had 
participated sports culture tourism. The people with good 
health condition accounted for high proportioin of the 
total number who participated folk custom sports 
activity. 

 
Form 1 The survey of identity of Centra Plains folk 

cutstom sports culture from the public

Value identity means a procedure which constantly alte 
its own value construction by value cognition,value 
evaluation and value selection, internalize as its own 
value orientation about social value sense in some degree 
and value correctness,and then outernalize a certain 
value behavior, then perform as the shape of joint value 
sense with congruity and unity of value ideal, value 
orientation and value standared and so on from social 
members[6].Form 1 shows that the public in city, towm 
and country show their cognition about amusement value 
which primary value is riching culture life in spare-time 
which proporation takes 93.6% in city, 96.5% in town 
and 98.6% in country. Inheriting national culture and 
custom ranks the second which proporation takes 96.7% 
in country and reach 88.3 in city as well which represents 
that Central Plains folk custom sports culture has 
extremely crucial value in inheriting national culture in 

country. The proportation of the value of strengthening 
comunication accounts for above 87% which shows the 
important effect to strengthen communication in public. 
Body-building ranks the fourth. What’s more, there is a 
lack of understanding of education valuce of folk custom 
sports culture which is same as the worry of education 
culture section.  
Having ackonwledged about this situation, the refferring 
section came to develop pilot zone in Central Plains, 
such as folk custom sports education plan in some high 
school in Kaifeng and Nanyang city, dragon-dance and 
lion-dance performace in physical teaching practise in 
PE. College of Henan Normal University, YangKo, waist 
drum and Taiji Fan selected in teaching content in 
Nanyang Normal College. 

As a matter of fact, the public have cognition of 
amusement value, inheriting national cultrue custom 
value, strengthening communication, body-building of 
folk custom sports culture but lack control value which 
propaganda and guide is to be strengthened. 

 
B.The motivation survey of attending folk custom 
sports culture activity

The motivation is the primary power inducing 
behavior. Form 2 shows that amusement ranks top in the 
main motivation of folk custom sports culture which 
proportion takes 95% in city, 92% in town and 93% in 
country. Following custom habit ranks the second which 
proportion takes 79% in city, 86% in town and 95.3% in 
country. The personal favor ranks the third in country 
which proporation takes 91%, followed by accelerating 
communication and body-bulding which proportion 
respectively takes 90.1% and 76%. While the proportion 
of cultivating offspring and adding salary is low.
Body-buildinig ranks the second in city followed by 
following custom habit, personal favor and accelerating 
communication. While adding salary by commercial way 
and cultivating offspring are fallen behind.
The public shows much interesting in Central Plains 
custom sports culture, especially in country, with sense 
of national pride and eomtion identity. the direct 
motivation could boil down to amusement 
communication and custom habit. The public in town 
have acknowledged body-building value and thus take it 
as an important body-building way. The smaller 
proportion of adding salary shows they lack obvious 
income creation capacity. 

All in all, the main motivation contains amusement, 
following national habit, personal favor, accelerating 
communication and body-building. 

 
Form 2 The motivation survey of attending folk custom 

sports culture activity(%

Main 
course  

Follo
wing  
natio
nal 

habit 

Per
sao
nal 
fav
or 

Bo
dy 

buil
din
g 

Culti
vitin

g 
offs
prin

g 

a
m
us
e
m
en
t 

Addi
ng 

inco
me 

Acce
lerati

ng 
com
muni
catio

n 

othe
r 

Main 
funtion 

Inherite 
nationa

l 
culture 

and  
custom 

Rich 
cultur
e life 

in 
spare-
time 

Bod
y-bu
ildin

g 

Educt
ion 

functi
on 

Strengt
hen 

comm
unicati

on 

othe
rs 

City  
Town 

Countr
y 

88.3 
86.5 
96.7 

93.6 
96.5 
98.6 

96.8 
92.3 
86.6 

47.3 
50.1 
64.2 

92.3 
90.1 
87.9 

2.3 
3.4 
5.1 
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city 
town 

countr
y 

79 
86 

95.3 

78 
82 
91 

87 
81 
76 

54.2 
56 
66 

95 
92 
93 

48.2 
43.2 
41.5 

76.8 
81.5 
90.1 

3.6 
5.6 
4.3 

C.The survey of need trend of developing Central 
Plains folk custom sports cultural resources from the 
public

The public attending Central Plains folk custom 
sports culture activity not only depend on personal idea, 
personal need and personal condition, but also based on 
accommodate degree of social environment and a series 
of support condition it can provide. 
Form 3 shows that the public relatively satisfied with 
Central Plains folk custom sports cultural resource. 
Based on the data, the public held positive attitude 
toward the development of this activity in some degree 
while around 1/3 of the people not satisfied with it which 
demonstrates that difference exits between the present 
situation and the immediate need of the public. 
 

Form 3 The survey of need trend of developing Central 
Plains folk custom sports cultural resources from the public

%  
Situation  Very 

satisfied 
Relatively 
satisfied 

Just 
so  

Not 
quite 

satisfied 

Unsatisfied  

City  
Town 

Country  

11.2 
13.8 
16.9 

36.2 
38.9 
56.1 

29.8 
30.1 
26.9 

26.3 
24.1 
22.5 

10.1 
8.3 
7.6 

The degree shows the need trend which relativelly 
derectly show the need variation content and reflect the 
need condition of Central Plains folk custom sports 
cultural resource development from lateral ties in the 
future. 

Form 4 shows that strengthening organization and 
administration and supporting from government are the 
greatest wish from the public. On one hand, as group 
activity which need certain participation scale, this 
culture sports activity needs summons of speicialized 
recreation and sports mainstay and relative organization. 
On the other hand, strengthening organization and 
administration of folk custom sports activity especially 
need to strengthen great support from sports and culture 
department.The financial support from the government is 
very meaningful. 

 
Form 4 The need survey of developing Central 

Plains folk custom sports cultural resource from the public
Situ
ation  

Enac
t 

supp
ortin

g 
rules 

Stre
ngth
en 

gove
rnm
ent 

supp
ort 

Strengt
hen 

regulati
on and 
extensi

on 

Enla
rge 
com
merc
ial 

deve
lop

ment 

Stre
ngth
en 

talen
ts 

train
ing 

Stre
ngth
en 

orga
nizat
ion 

admi
nistr
ation 

Strengt
hen 

advoca
cy and 
commu
nicatio

n 

City 
Tow

n  
Cou
ntry  

93.6 
92.3 
90.1 

89.6 
91.5 
95.6 

87.6 
85.1 
90.2 

93.2 
90.5 
87.3 

76.5 
74.3 
68.9 

97.6 
95.2 
93.1 

87.9 
85.3 
80.1 

 
Form 4 shows the anxious attitude of the public 

towards developing commercial economy such as local 
tourism by taking advantage of Central Plains folk 
custom sports cultural resource based on the relatively 
high proportion of strengthening commercial 
development. In recent years, folk culture tourism has 
been to the hot spot in tourism development. 
Development of commercial activity such as Central 
Plains folk custom sports cultural tourism become the 
inevitable choice. The data also shows that there are 
complex folk custom sports programs in country which 
eager to be regulated and popularized scientificly and 
systematicly. While there is relatively higher demand of 
making supportability policy in town than in country. 

The interview shows that there is great wishes of 
the public in city in regulatory system in terms of 
finance, ground and facilities which may have 
something with the relatively higher level of life 
condition and cognition as a whole 

To sum up the above arguments, there is strong 
needs and wishes of the public to develop Central Plains 
folk custom sports culural resource which represents the 
need trend which has important reference value and 
instruction meanings. 

 
D.The need trend of inherition, development and 
creation of Central Plains folk custom sports culture 
from the public

The appearance and development of Central Plains 
folk custom sports culture is a process of traditional 
culture accumulation. In history and dvelopment light, 
the need trend must represent a combination of inherition, 
development and creation. There are three angles to be 
observed in terms of the need of development of 
amusement folk custom sports cultural resource from the 
public, the attitude toward transforming the content of 
competitive folk custom sports culture and commercial 
development intention of folk custom sports culture. 
1).The need of the development of amusement folk 
custom sports cultural resource from the public 
   Amusement folk custom sports activity is one of the 
main ways of the public’s daily life and festival culture 
activity which is most closely to daily life. 

The attitude of reforming folk custom sports culture 
properly when reserving traditional conten ranks top, 
which proportion takes 65.2% in country, 61.6% in town 
and 64.2% in city. The data also means that the public 
held rational attitude toward the development of 
amusement folk custom sports cultural resource who 
agree to reform and development it and put stress on the 
proper principle.  
2)The attitude toward to content reform of competitive 
folk custom sports culture  
   Competitive folk custom sports activity hereby 
means the competitive program and performance 
program in Games such as wrestle, playing diabolo, 
dragon-dance, lion-dance, dragon-boat race and walking 
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on stilts and some competitive program in public life and 
festival.   

Form 5 The attitude toward content reform of 
competitive folk custom sports culture (%)

Attitude 
situation 

Replaced 
by modern 
competitive 

sports 

Popularize 
totally in 

its primary 
way 

Reform 
properly on 

basis of 
reserving 

tradition and 
characteristics 

Modernized 
reform 
totally 

integrate 
with 

modern 
competition 
in timeing 
and way 

Country  
Town  
City  

1.5% 
1.3% 
2.6% 

40.1% 
38.7% 
29.7% 

61.8% 
57.8% 
51.6% 

8.9% 
15.4% 
26.1% 

Form 5 shows that the public in country was tend to 
reserve folk custom and reform properly on that basis. 
While the public in town and city showed their strong 
reforming wishes which properly reform propertion 
reached 57.8% and 51.6% respectively, totally reform 
propertion reached 15.4% and 26.1%. One of the reason 
may be that the public in town and city raraly attended 
village cometitive activities influenced by life 
environment and the difference in concept and 
acknowledgement. Overall, the public is tend to 
reserving national characteristics of competitive folk 
custom sports culture and should be properly modernized 
reformed at that basis. 
3)The intentiion of commercial development of folk 
custom sports culture tourism from the public 
   In terms of reserving national culture tradition and 
meet the tourists’ need, the attitude of the public toward 
commercial development such as folk custom sports 
culture tourism reflects the contradiction between 
incisive traditional concept and economic benefit as a 
drive. 

Form 6 shows that the public put satisfying the 
tourists’ need with proper reform as the first choice no 
matter in country, town and city which proportion is 
97.8%, 95.7% and 96.6 respectively. As mentioned 
above, the public is more tend to economic benefit 
fulfillment during the tourism economy development 
process. But at the same time, the proportiong of keeping 
cautious and paying attention to cultural heritage 
protection reachs 84.3%, 78.3% and 80.3% respectively. 
The data demonstrates that the public pursues economic 
benefit when develop folk custom sports culture tourism 
at the same time shows their contratition attitude toward 
protection sense. But ultimately the public prefer to 
reform depending on tourists’ willing.  

 
Form 6  The intentiion of commercial development of folk 

custom sports culture tourism from the public %)

Attitude 
situation 

Keep cautious 
to protect folk 
custom sports 

Properly reform 
to cater the need 

of  tourists’ 
aesthetic 

Totally reform 
combinating 

modern 
amusement 

Country  
Town 
City 

84.3 
78.3 
80.3 

97.8 
95.7 
96.9 

48.5 
37.6 
46.6 

 
Based on the analysis above, the attitude of the 

public toward Central Plains folk custom sports culture is 
quite cauious which mainly focus on properly reforming 
and developing on the basis of protecting national 
cultural heritage to meet the need of body-building, 
leisure activity and amusement. 

4. Conclusion
With higher cognition degree about Central Plains 

folk custom sports culture, the public has the relative 
identity in terms of amusement value, inheriting national 
culture custom value, strengthen mutual communication 
and body-building value while lack acknowledgement of 
control value which is to be propageted and guided. 

Amusement, following national habit, personal favor, 
acce to finance, ground and facilities, celetating 
communication and body-building in turn compose the 
main motivation of attending the sports activity. 

The public have a strong need and wishes to develop 
Central Plains folk custom sports cultural resource; 
There are complex programs which are eager to 
regulated and popularized scientificly and systematicly; 
the public in city shows their strong wishes of regulation 
rules public held rational attitude toward the 
development of amusement folk custom sports cultural 
resource who agree to reform and development it and put 
stress on the proper principle;the public is tend to 
reserving national characteristics of competitive folk 
custom sports culture and should be properly modernized 
reformed at that basis; the public pursues en develop folk 
custom sports culture tourism when prusuing economic 
benefit at the same time shows their contratition attitude 
toward protection sense. But ultimately the public prefer 
to reform depending on tourists’ willing.  
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Abstract—Educational model innovating and capability 
improving of engineering education is the driving source of 
cultivating engineering talents. Combining with educational 
ideas and educational cycles of CDIO model, a new 
educational model is constructed for engineering education. 
The operating process of the new educational model is 
demonstrated according to objective conceiving, planning and 
designing, implementing and feedback loop. Finally, in the 
view of practical optimization, cross integration, moral 
integrity and according to redundant, the mechanism of 
educational capability improving is analyzed in detail. 

Keywords- CDIO model; engineering education; model 
innovating; capability improving mechanism 

1. Introduction  
With the rapid development of global economy, the 

competitions between countries are not only talents, but also 
reserve of talents. Engineering science, supporting all 
industries, can maintain and promote economic stability and 
development. The development of engineering education plays 
an important role in promoting comprehensive national 
strength. Scientific innovation results in great changes of 
industrial structure. Engineering education must anticipate and 
adapt to this variation. In future, engineer’s role will transform 
from working for lower technological engineering to 
knowledge based service economy [1]. This transformation 
involves in changes of knowledge system and learning pattern. 
Engineering education system and model is lagging behind 
updating speed of knowledge because of explosive expansion 
of knowledge system, rapid speed of knowledge updating, 
unprecedented broaden channels of knowledge acquisition[2]. 
In order to cultivate engineering talents who can adapt to the 
changing environment, the emphasis of engineering education 
should be turned into the cultivation of the students’ practical 
ability and the adapting capability.  

All of these mentioned above require establishing a new 
cultivating model and capability improving system for 
engineering education. In the past, engineering system mainly 
aims at industry, market and resource. Meanwhile, the 
cultivating direction is very single. Under the trend of 
globalization, the engineering education needs from angles of 
the world market, the world resources and a global industrial 
system or industrial structure to cultivate engineering talents. 
Due to the more and more closer international cooperation, in 

order to adapt to the international engineering environment, it 
is necessary to open up international training approaches and 
model of engineering education.  

The model innovating and capability improving of 
engineering education is an important approach to cultivate 
international engineering talents. CDIO (Conception, Design, 
Implementation, Operation) model is a comprehensive 
international engineering talents training mode, including team 
cooperation and communication, individual professional skills, 
critical and creative thinking. The CDIO model has been the 
core module in the world universities’ curriculums in recent 
years [3].  

2. Engineering Education&CDIO  
Engineering education can cultivate engineers’ talents who 

can establish engineering project with outstanding 
comprehensive capability [4]. While the current engineering 
education model whose academic tendency is heavy, is lack of 
system planning, constantly cutting the technical and practical 
contents and adding academic and theoretical contents in the 
curriculum. 

CDIO model makes up for the lack of engineering 
education through the clear system structure and the efficient 
educational method. CDIO is a cycle from research to 
operation of the products which is made by four basic links of 
conception, design, implementation and operation. Each link of 
engineering education can be joined up, so that the students can 
use independent, practical and associated methods to learn 
engineering sciences. CDIO model puts emphasis on training 
high quality comprehensive engineering talents. The students 
should master the knowledge in technology, pay attention to 
reasoning ability, strengthen their own professional skills and 
professional ethics, and build team collaboration and 
interpersonal communication skills [4]. CDIO engineering 
ability training is a gradual process, using the strict ability 
training and management method to gradually improve the 
students’ engineering ability through the continuous deliberate 
practice [5].  

3. Model Innovating of Engineering 
Education Based on the CDIO Model  

Engineering education innovation emphasizes the 
cultivation of both the students’ theoretical knowledge and 
practical ability. Selecting system engineering as the whole 
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material can reflect the practical applicability of engineering 
education innovation. Fitting the training philosophy of CDIO, 
the scientificity of introducing this model into the engineering 
education model innovation is demonstrated clearly by the 
different effects in each phase of the project. We can complete 
the whole process of the project combined with CDIO model, 
according to four basic steps of conceiving target, designing 
solution, putting into operation, realizing summary. A specific 
pattern is shown in Fig. 1. 

A. Reasonable Set Goals 
Setting project targets can decide the development direction 

of the project. Therefore, how to select target is the first 
problem to solve for engineering education innovation. 
Conception is a thinking activity that presents systematic, 
central, hierarchical and physical integrity. Conception is an 
activity that builds on the past and prepares for the future; 
innovative conception plays an important role in final results.  

CDIO model pays emphasis on transforming the education 
model that takes test for the purpose, and conceives an 
engineering education model which sets digestion and 
innovation as guiding direction to replace the past memory 
patterns. This model make higher engineering education model 
focus on global strategic competition, stimulate the students’ 
subjective initiative, so that students can establish a system 
target on the basis of profound understanding of grasping 
essential attribute and movement rules of the objects. This 
model also can broaden students’ vision outside the theoretical 
concept and spread their thought, take use of examples to 
demonstrate the international engineering project, help them 
analogy out their own insights and make corresponding 
standards for the achievement of the system targets, and then 
define the concept and structure to ensure the feasibility of 
target. 

B. Design Effective Planning 
Planning is the final preparation for the project before it 

starts, which can not be immediately changed with project 
changes after it launched. Previous design planning is single 
and lack of diversity and innovation. However, CDIO model 
carries out planning innovation in accordance with the system 
model and standards strictly, under the premise o f 
understanding the conception targets accurately and thoroughly. 
It is the continuation of the conception, and can make the 
planning, programming and conception outside through the 
visual form. It makes the previous theory or practical design 
approach integrated by choosing different design method and 
putting design scheme into subsection processing. In view of 
theory and practice two channels, it can reduce the possibly 
negative effects of system to minimum and keep the 
corresponding beneficial effect after operation test and 
theoretical calculation. When necessary, we can transform 
these positive factors into derivative targets and upgrade single 
target system to Multi- target system on the basis of the 
previous targets to achieve the geometry of the earnings growth. 

C. Integrate Implementing Process 
Implementation is the process that makes the conception 

target and design planning come true. Implementation requires 
data operation integration for conception target and design 
planning, so as to achieve the optimal expected results. The 
previous implementation which simply completes the task and 
presents the results is lack of multidimensional thinking and the 
comparison of results. However, CDIO model considers 
elements in detail involved in the process comprehensively in 
the software and hardware. 

CDIO model no longer sets the simulation project or 
manufacturing plant as the main practice site. It Contacts with 
the enterprises related to the program and contracts the fast and 
exploratory engineering tasks. Let the students do engineering 
work in different groups according to their characteristics, so 
that the same goal could bring out a variety of results.  

Drawing up the measure standard after the end of the 
project practice, the corresponding course teachers should 
make adjustment for every link in order to reflect the specific 
process more accurately and draw up the measure standards of 
performance [6]. This model no longer selects preferred 
scheme, but keeps excellent part of the process, and then 
integrates the summarized data materials to carry out the best 
scheme through the discussion audit. Excellent students should 
be selected in each process of the project according to the 
optimal solutions of the target. The teachers should redistribute 
the groups and carry the optimal solution back to the original 
projects to integrate the software and hardware, and operates 
the cycle once again. The cycle times can be chosen according 
to the requirements of project. The project can be constantly 
upgraded by the above test, confirmation, verification and 
authentication. 

D. Optimization of Feedback Loop
Feedback loop is the last stage of the whole engineering 

project. The purpose of this stage is looking for the 
shortcomings and shortages of the system and making a 
summary of excellent feedback in order to make sufficient 
preparation for next system cycle. 

The summary of system only remained on statistics and 
results analysis in the past, which can’t always achieve the 
effectiveness of practical application. CDIO mode, is not only 
statistics and results analysis, but also continues to simulate 
error correction, repeat training operation on outstanding 
shortages of every step. Improving system process can support 
life cycles of engineering project system preferably. Adding 
with new design goal can lead optimization evolvement of 
engineering project system. Considering the dominant and 
recessive value comprehensively, feedback the details of fewer 
value and guaranteeing the nature of high value of engineering 
project, all of these above can be reference material for next 
system cycle. 
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Figure 1.  Innovation Model of Engineering Education Based on CDIO model 

4. Capability Improving Mechanism of 
CDIO Engineering Education  

The improvement of engineering education capability is the 
security of better engineering talents’ output. The engineering 
education under the CDIO mode has better applicability, 
diversity and innovation of educational methods, and pays 
more attention on the practicable education, composite 
subjects’ education and humanistic quality outside classroom. 
Therefore, according to the teaching features of the CDIO 
mode, in order to improve the quality and effect of the 

engineering education, the following mechanisms should be 
followed. 

E. Practice Optimization Mechanism
The engineering education under CDIO mode is a process 

that recombining the four basic stages of CDIO mode and 
actually operating with the continually updating knowledge. 
The purpose of modern engineering education is cultivating the 
prototype of the modern engineers from professional natures. 
However, the current engineering graduates mostly can't satisfy 
the enterprises’ demands of high skilled degrees. On one hand, 
criticisms on education have shown ignoring the practice in the 
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training; on the other hand, excessively attention paid to the 
students’ practical training may cause students’ shortage of 
knowledge. By subdividing and optimizing the specialization 
of practice, balancing the relationship between theory 
knowledge and practice operation, the engineering education 
can be developed towards more systematic direction, such as 
“large scale engineering”, “micro scale engineering”, etc. 
Modern engineering usually has the close relation with 
scientific and technological innovation, economic development 
and social progress. So engineering education is no longer the 
“professional” education as known before, but a process of 
knowing more widely outside the world through continuous 
learning and practice, which still has the character of 
engineering [7]. Based on the cognition of new changes of 
engineering, better understanding the practical optimization can 
promote the engineering education capability. 

F. Ccross and Iintegration Mechanism
With the development of the society, the complexity and 

diversity of the problem in engineering field is increasing. It is 
difficult to answer and explain engineering problem only by 
scientific engineering knowledge, so it is necessary to use 
scientific knowledge of other fields to conduct research on 
engineering problem in-depth. As students of this age lacking 
of practice   knowledge in related fields, such as industrial 
materials, mechanical design, life cycle, and so engineering 
education should set up multi-discipline courses in different 
fields, which can expand the vision of students. Building real 
working environment can give students opportunities to 
manage and participate in the link of engineering project 
themselves like researching, manufacturing and detection. The 
whole operation of a project system can help students promote 
cognitive degree of different scientific fields, which can 
cultivate interdisciplinary talents for engineering. 

G. Iintegration Mechanism of Capability and Political 
Integrity 
The talents who are trained under CDIO engineering 

education model should have not only strong understanding 
and innovative capability, but also noble ethics. It is not only 
related to the development of the engineering education itself, 
but also has impact on the whole society environment. 
Individual moral, social role and responsibility consciousness 
will affect the engineers’ ethics. Facing the increasingly 
complex social environment and the interest relations, the 
cultivation of engineers’ personnel ethics and morals has 
become an arduous task in engineering education. Because 
engineering ethics are influenced by engineering effectiveness , 
social culture and natural environment restriction[8], CDIO 
engineering education model puts always emphasizes on the 
unity and harmonious of man and society in the process from 
the target conception to achievement, and then shapes 
engineering talents. 

H. Mechanism of Absorbing the Essence and Rejecting the 
Dross
In the decade of the information highly developed, 

engineering education is facing the world changing rapidly, 
and all industries present the changing situation. Therefore, 

capturing the demand information of engineering talents at this 
stage and predicting the development trend of engineering 
science in the future is the ability that engineering education 
should master. It requires engineering education to establish its 
own information collection system and accurately search 
related knowledge and detailed information through the 
development trend of the industry. By way of knowing hiring 
needs and running the current situation, the teaching process 
can quickly adjust to the needs of the community. The thinking 
way and behavior pattern that are out of times should be carved 
or cut teaching proportion. The elites of the engineering 
education can be retained and redundancy parts that do not 
adapt to the educational demand can be cut.  

5. Conclusions  
The innovation of CDIO engineering education is a 

complicated process, which is influenced by many factors, such 
as society, school, and environment. Innovating engineering 
education by adopting CDIO mode is not just a fusion of these 
two systems, but also the co-adaptation of engineering 
education and the subsystems of CDIO mode. The innovation 
combined with CDIO mode on four basic stages of objectives’ 
setting, planning and design, implementation process and 
feedback loop has improved the students' practical capability, 
spread their innovative thinking, and inspired their learning 
pattern. This paper puts forward four mechanisms of the CDIO 
engineering education including practice optimization, cross 
integration, ability and political integrity, and absorbing the 
essence and rejecting the dross. 
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Abstract—According to the need of curriculum 
construction, and combined with “C&C08 SPC Switching
Comprehensive Experimental Platform”, a new mode of 
practice teaching innovation and exploration for the 
foundation course SPC Switching Fundamentals had been 
presented. Through reforming, students’ comprehensive 
practical ability was improved, comprehensive quality 
education was really carried out in the course of teaching, and 
adaptability to the need of the society had been enhanced. The 
practice teaching innovation plays positive exemplary role for 
practice innovation and construction of similar undergraduate 
course.

Keywords- SPC Switching Fundamentals; Teaching 
Innovation; Practice Education

1. Introduction
Communication industry plays a very important role in the 

national economy, and it’s one of the important industries 
which are developed and supported in China. As the basic 
professional knowledge, “Switching principle” is widely used
in the field of communication engineering, and has become one 
of the central curriculums for communication specialty 
teaching in various higher education institutions. The purpose 
of this course is to make students master the basic idea and 
principle of switching technology. HUAWEI “C&C08 SPC 
Switching Integrated Experimental Platform” was introduced
and the Communication Switching Experiment Center was 
founded in our school, which provided great support for 
experimental teaching of this course. In recent years, a series of 
reformation was implemented in our experimental teaching of 
SPC Switching Fundamentals Course, and good effect was 
obtained.

2. New Practice Teaching Mode Based on 
Practical Training Platform

Theory and experimental teaching can not be separated 
from each other. But no appropriate experiments were carried 
out initially because of the limitation of experimental condition, 
which didn’t accord with the characteristics of this course.
Therefore we purchased the “Program-controlled Switching
Experiment Equipment” produced by ZHONGYOU Science 

and Technology Inc. WUHAN, and some demonstration 
experiments are presented. Later, in order to improve the 
experiment teaching further, some experiments for our course 
were carried out by using EDA, DSP experimental platform 
and Communication Principle experimental equipment, which 
included PCM coding and decoding, speech signal generation, 
HDB3 codes conversion and DTMF transceiver experiments 
etc. The simulation experiment of time slots interchange 
principle was also implemented based on Simulink software 
package in Matlab to make up the deficiency of the 
experimental teaching for the course. 

Communication Engineering Specialty became “Provincial 
Characteristic Specialty” of Hebei Province in 2007.
Afterwards HUAWEI “C&C08 Program-controlled Exchange 
Integrated Experimental Platform” was introduced and the 
Communication Exchange Experiment Center was founded for 
the construction of this course. On this platform, the miniature 
of telecommunication network can be constructed. All these 
provided the opportunity for the development of this course. 
We carried out various experiment teaching reformation for 
SPC Switching Fundamentals Course and established a novel 
comprehensive curriculum practice teaching system which 
included three levels. They are “principle and technical level 
experiment”, “system and network level training” and 
“engineering application practice”, which is shown in figure 1.

Figure1. Three levels of curriculum practice system

In this system, large commercial equipment network was 
used as students’ practical training platform in “principle and 
technical level experiment” and “system and network level 
training”. In “engineering application practice” level, students 
can contact and deeply understand the production process of 
professional equipment and relevant technology standard in 
off-campus practice training bases. Our practical teaching 
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system provided the process of demonstration, testing, design 
and experience for switching technology. The experimental 
teaching reformation was divided into three steps.

Firstly, combining C&C08 Program-controlled Switching
Comprehensive Experiment Platform and the actual teaching 
situation, relevant experiments were carried out. Through 
practical teaching, students can master the operation principle 
of communication chips and their typical application circuits. 
Contacting the content in classroom teaching, such as 
switching system interface circuits and their function, 
switching network and control system, they can learn how to 
design practical interface circuit, switching network and 
control system, and understand the basic idea and method of 
software design.

Secondly, we made full use of the existing experimental 
conditions, explored experimental teaching innovation, 
developed integrated experiment and encouraged students to 
design experiments by themselves. Through guidance of the 
complete working process of Chinese Telecom Telephone 
Switching Network, using real work as media to design 
teaching, the project-based curriculum content system was 
established. For a given task, students experience the planning 
and design process completely, such as plan selection, 
experimental procedure’s determination, selection of 
experimental apparatus and method, the experimental analysis 
and summary report. It can fully cultivate students' theoretical 
knowledge and comprehensive application ability, improve 
their experimental skills, inspire their enthusiasm, and make 
effective practical training.

Thirdly, we made good use of graduation practical training, 
graduation design project, experimental equipment and off-
campus practice bases to cultivate students’ practice ability. 
Students can understand the digital switching system 
completely, design switching software skillfully according to 
requirement of telecommunication business, and will be
competent for the future work in telecommunications industry.

At the same time, we edited the experimental manual 
according to teaching practice. Therefore, students can grasp 
the learning contents, practice professional knowledge and 
skills thoroughly. In subsequent courses, teachers gave good
evaluation on students’ learning and practical ability. Their
competitive ability in employment was increased and the 
period of adaptation in future work was shortened.

3. Various Practical Teaching Methods
Teaching method is the key factor to improve the teaching 

effect. Combining with the characteristics of this course, we 
adopted the following typical teaching methods according to 
different contents and stages in practice teaching. 

A. Demonstration teaching method
Because the telecommunications switching equipment is 

valuable and complex, students must master the correct 
operation steps. Thus the teachers' demonstration operation is 
very important. Through demonstration students can 
understand the training targets, operation rules, regulations and 

safety requirements when they operate independently, and 
grasp the professional quality gradually.

B. Project driven teaching method
We use “project teaching method” in “task driving” 

methods in practice teaching. Every project process was
implemented according to the circular process as planning, 
confirming task, demonstration, training, assessment, checking
and troubleshooting, summarization and improvement. 
Students’ theoretical and practical application ability raised
dramatically through learning theory, practical operation and 
integrated project design.

C. Case teaching method
According to the strong application background of this 

course, teachers can provide actual engineering case, present 
questions, and organize students to analyze and discuss. In this 
process, students work independently, and teachers guide 
beside. Through case teaching method, students' ability of 
analyzing and solving practical problems can be improved. 

D. Scenario teaching method
During teaching process, the switching operation process in 

various work situations was simulated. Students can get 
familiar with the operation and maintenance work flow in
switch equipment. Through creating telecommunication
business scenarios and working process, students can 
understand and master the relative knowledge in 
telecommunication switching technology.

4. Effects in Reformation Practice
Excellent achievements were obtained in teaching system

reformation of this course. We built a complete practice 
environment which included principle, technology and 
processes, switch structure, data configuration, signal process, 
signal test and analysis through telecommunication switching
platform. The enterprise application and business requirements
were also introduced in teaching. In late teaching, students can 
study actual operation of commercial equipment through
cooperating with enterprise.

Then the knowledge can be applied in the actual work 
environment through network construction, data and business 
configuration. By cooperating with XUNFANG Cop. and 
HUAWEI Cop. of Hebei Province, the experimental conditions 
were promoted and the teaching system and content were 
synchronized with actual technical development. Through the 
development of teacher training, off-campus internship and 
other means, the combination of theory and engineering 
practice are enhanced further. Students’ employment 
competitiveness was increased, and adaptation period in future
work are shortened through training. In recent years, the 
employment feedback from China Netcom, China Mobile and 
China Telecom Cop. indicated that our students have a good 
foundation of switching theory and adaptive ability for actual 
work. 
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5. Conclusion
Excellent achievements were obtained in reformation of 

SPC Switching Fundamental Course Practice Teaching in our 
school. The comprehensive practical ability of students was 
improved, in the course of teaching the students' 
comprehensive quality education was carried out really, the 
students’ adaptability to the need of the society had been
enhanced. It provides a new road for undergraduate curriculum 
reformation and construction. The practice teaching innovation 
plays positive exemplary role for practice innovation and 
construction of similar undergraduate course.
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Abstract—The demand of the talents in petroleum 
engineering of petroleum enterprises is analyzed in this paper 
according the current situation of the engineering education. 
The four levels of the professional talents needed by the 
petroleum enterprises are specified, which makes it clear that 
what the purpose and orientation of the higher education in 
petroleum engineering should be. The qualities of the 
petroleum engineers are discussed specifically and it is 
pointed out that the training of the postgraduate for 
professional degree in oil and gas engineering should be the 
cradle of the petroleum engineers. A training schedule is listed 
in this paper based on the discussion, including curriculum 
provision, practice link, thesis and training mode, which will 
be a pathfinder of the education of the professional degree 
graduate student in oil and gas engineering. 

Keywords- engineering education, petroleum 
engineering, professional degree graduate students, engineers 

1. Introduction  
Recently, the engineering education is developed rapidly in 

China and we have made a lot of achievements [1]. In 2010, 
there are 6.6 million students were enrolled in universities and 
colleges, 47% percent of which, 3.1 million, were higher 
vocational college students. About 470,000 graduate student 
were enrolled in this year, and there were 23%, 110,000, 
professional master degree candidates. There were 34,000 
master degree candidates of engineering in these professional 
graduate students.  Moreover, a pilot project of doctor of 
engineering has be launched. However, there is still a strange 
phenomenon in talents supply and demand, which is the 
contradiction between the employment difficulty of the 
graduates and the lack of talents needed by enterprises. The 
direct reason of this situation is the mismatching of the supply 
of labor educated in school and the demand of the enterprises 
and markets.  

In the “Outline of the Plan of the Medium-long Term
National Educational Reform and Development (2010-2012)”, 
the core mission of our higher education is to improve the 
quality of our graduates, which means the time is coming to an 
end that the number of college students increases extensively. 
Obviously the improvement of the quality of students contains 
the developing direction of the engineering education, and the 
main mission of the future postgraduate education is to adjust 
the educational structure and develop the training of the 
professional degree graduate students. 

Like the other engineering fields, the key problem of oil 
and gas engineering is how to fulfill the demand of petroleum 
enterprises. The difference of the normal graduate students and 
the students for professional master degree needs to be focused, 
and the different level of these two types of education needs to 
be specified. In 2010, there were 64 colleges and universities 
authorized by the ministry of education to make the experiment 
of the training of professional graduate students, including the 
Petroleum University (Beijing, Huadong) and Southwest 
Petroleum University. This experiment indicates the urgent 
demand of the petroleum enterprises for the talents and the 
mismatching of the supply of labor educated by school and the 
demand of the enterprises. 

2. The Quality should be Processed by a 
Petroleum Engineer  

To solve the problems above, we should first make it clear 
that what kind and what level of the talent is demanded by the 
petroleum enterprises, and what quality they should process.  

There are mainly 4 levels of engineering and technical 
personnel needed by the national petroleum enterprises. The 
first level is the normal skilled workers, i.e. the specific 
operators. The second level is the normal engineering and 
technical managers. The third level is the engineers, they are in 
charge of the engineering and technical affairs. The fourth level 
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is the researchers of engineering and technology. According to 
the statistic, the proportion of the demand is 60:28:10:2. The 
mismatching of the supply and demand comes from the 
ignorance of this proportion and the inaccuracy of the 
education target.  

The difference between the third level, the petroleum 
engineers, and the normal technicians is that they have more 
broad and in-depth knowledge, and more experiences. Most of 
the engineers in China come from the normal technicians. 
However, we believe that although these technicians can 
exchange the time for engineering experiences, they may not 
get more broad and in-depth professional knowledge. This 
should be specified by the colleges and universities. 

The third level and the fourth level are obviously different, 
that is, the researchers mainly do not involve in the 
manufacture directly. However, the management mode of some 
enterprises makes this difference vague. There are general 
engineer, senior engineer, and professor of engineering, in 
which the senior engineer seems to be researchers. 

There are 3 second disciplines under the first level 
discipline of oil and gas engineering, which are oil-gas well 
engineering, oil and gas field development engineering, oil and 
gas storage and transportation engineering. The petroleum 
engineers with more broad and in-depth knowledge should be 
the specialists of all these fields, otherwise, they can only be 
drilling engineers, reservoir engineers, or oil production 
engineers.  

3. The Training Schedule and Mode of 
the Postgraduate for Professional Degrees 
in Oil and Gas Engineering  
A. The purpose and orientation   

Although there are differences between individual colleges 
and universities, their purpose and orientation of the education 
of postgraduate in oil and gas engineering are all to train high-
level practical compound engineers and managers. Most of 
these schools focus on the word “high-level”, which will make 
some misunderstandings. We think that the division of four 
levels of talents demanded by petroleum enterprises will make 
it much clearer that what the purpose and orientation should be. 

The first level is the vocational or spec ialist education for 
general skilled workers. 

The second level is the undergraduate education for general 
technicians. 

The third level is the professional postgraduate education 
for engineers. 

The fourth level is training of the research postgraduate or 
doctor for researchers. 

The professional postgraduate education is the cradle of the 
petroleum engineers. 

B. The training schedule  
The training schedule of the postgraduate for professional 

degrees contains course learning, practice link and dissertation. 
Oil and gas engineering is to drill and probe the hydrocarbon 
resources underground with scientific theories and technologies 
efficiently, exploit maximum oil and gas to the surface 
economically, extract, store and transport the oil and gas safely. 
This field involves mineral survey and exploration, earth 
exploration and information technology, mineral engineering, 
engineering mechanics, chemical engineering, mechanical 
engineering, and traffic and transportation engineering. The 
curriculum provision should take them into consideration. The 
curriculum of Southwest Petroleum University (SWPU) for the 
postgraduate for professional degrees is listed in Appendix I, 
and the practical link is listed in Appendix II. 

The topic of the dissertation of engineering masters should 
be derived from the actual project or have definite technical 
background, which means the research and composition should 
go along with the practice. The supervisors should be 
experienced, conscientious, high level staffs with senior 
technical titles in campus or industrial establishments.  

C. The training mode  
Comparing with the training mode of the general academic 

postgraduates, the purse and methods of the education of 
engineering masters are very different, which makes us have to 
innovate to adapt the demand of the petroleum enterprises. In 
SWPU, we have established several types of training modes 
based on the disciplines of the education of postgraduate after 
several years of exploration. 

1) On-job postgraduate for professional degrees  
There are several training modes for the technicians in oil 

and gas enterprises and college teachers.  

The first mode is the cooperating training of the college and 
enterprises. This mode is mainly for the technicians in the 
petroleum enterprises, and it is some kind of customized 
training. The enterprises can set some courses based on their 
technical demands, and participate in the selection and 
management of the students. The enterprise should make the 
inspection and appraisal of the students’ degree dissertation 
and participate in their oral defenses.  

The second mode is the cooperating training of the colleges. 
For the convenience of the students and to make the most of 
the resources of the brother school, we have made agreements 
with several schools to cultivate postgraduates cooperatively 
such as Chonqing Institute of Technology. We take charge of 
the qualification examination of the supervisors, teaching 
materials and send teachers to give some core lessons. The 
whole training process is supervised by both schools. 

The third mode is fully released from work. To improve the 
theoretical level of the petroleum technicians, recent years we 
have accepted several consignments to train the engineering 
masters for the Xinjiang Oilfield Company of PetroChina, the 
Northwest Oil Marketing Company of PetroChina, Huabei 
Oilfield Company, etc. The students will spend 1 year in 
SWPU fully released from work, they can take different 
courses based on their own needs. The participation in the 
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academic activities and the communication with the 
supervisors will help them finish their study successfully. 

2) Full-time postgraduate for professional degrees 
In SWPU, we began enrolling full-time postgraduates for 

professional degrees in since Sep. 2009, and were authorized to 
make experiments of the education reform of the training of 
postgraduates for professional degrees in Sep. 2010. There are 
2 systems of our training mode in our exploration according to 
the training purposes and regulations, that is, the system of 
teaching in classroom and the system of engineering practice. 

The students are trained mainly by cooperation with the 
petroleum enterprises. They complete the theoretic courses in 
class to get enough credits in school. After that, they’ll be sent 
to different engineering practice bases. The practice link will 
help familiarize themselves with some engineering software 
and composite the opening report of their research projects, 
which is an efficient way to acquaint with the methods and 
ideas to solve the problems in the fields. There are 2 types of 
dissertations for their degrees. One is combined with the in-situ 
production, the format of which is not fixed and the topics 
mainly involve the actual engineering design, application of 
engineering software to solve production problems, analysis of 
engineering cases, feasibility study of engineering problems, 
study of one aspect of a large-scale engineering problems, etc. 
The other type is combined with the research of application 
projects of the supervisors, which is mainly to solve the actual 
engineering problems. The workstation for graduate students in 
our school has established a stable group of technologists, who 
have strong theoretical background and rich experience in 
production. During the process of the composition of their 
thesis, the supervisors on site will take charge of the whole 
directing, the supervisors at school are responsible for 
monitoring their progress. By the productive practice and the 
engineering practice, the students can not only complete their 
dissertations for their degrees, but also can train their skills and 
qualities to be petroleum engineers, which will help them to get 
a job. 

4. Conclusion  
According to the demand of talents in oil and gas 

engineering, the proportion of postgraduate for professional 
degrees should be increased. The purpose to train professional 
graduate students should be specified, and the training schedule 
should be reasonable. Efficient methods to combine the 
theoretic education and practice link will make the training of 
postgraduate for professional degrees to be the cradle of 
petroleum engineers. 
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Appendix I

THE CURRICULUM OF SOUTHWEST PETROLEUM UNIVERSITY (SWPU) FOR THE POSTGRADUATE FOR PROFESSIONAL DEGREES 

Course Structure Course Name Period Credit Semester Remark

Comprehensive quality courses

Politics

Theory and practice study of socialism
with Chinese characteristics 36 2 Autumn Obligatory 

Introduction to Dialectics of Nature 
 18 1 Autumn Obligatory 

Foreign Languages English 60 3 Autumn Obligatory 

Mathematics Engineering mathematical model and
numerical methods 60 3 Autumn 

Obligatory 
Degree courses

Theory and methods of oil and gas 
engineering 60 3 Autumn 

The standards and qualifications of oil 
and gas industry   40 2 Spring 

HSE Health, Safety and
Environment  

40 2 Spring 
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Optional courses of different 
professional directions

Oil-Gas well engineering

Modern drilling and completion 
technology 40 2 Autumn 

Optional (choose 
any two of these 

courses) 

Reservoir protection technology 40 2 Spring 
Oil and gas well working fluid 
technology 40 2 Spring 

Modern CAE 40 2 Spring 
New logging technology and 
application 40 2 Spring 

Theory and design of drilling and 
completion experiments 40 2 Spring 

Oil and gas field development 
engineering

Technology of oil and gas field 
development 40 2 Autumn 

Optional (choose 
any two of these 

courses) 

Numerical Reservoir simulation 40 2 Spring 
Technology of stimulation 40 2 Spring 
EOR 40 2 Spring 
Modern CAE 40 2 Spring 
Mining technology of oil and gas 
wells  40 2 Spring 

Theory and design of oil and gas
development  experiments 40 2 Spring 

Oil and gas storage and 
transportation engineering

Gas storage and transportation 
engineering and safety technology 40 2 Autumn 

Optional (any two 
of these courses) 

Oil and gas pipeline engineering and 
design  40 2 Spring 

Numerical analysis of pipeline
network and optimal design 40 2 Spring 

Integrity management of storage and
transportation system 40 2 Spring 

Management of oil and gas marketing 40 2 Spring 
Theory and design of oil and gas
storage and transportation experiments 40 2 Spring 

Appendix II

THE PRACTICAL LINK  OF SWPU FOR THE POSTGRADUATE FOR PROFESSIONAL DEGREES  

Contents Sites Project Period Credits Semester Remark

Practical link

In-Campus
Training center 
of oil and gas 
engineering
Practice center 
of oil and gas 
engineering 

software 
application

Engineering 
experiment Base

Opening report of the research of professional directions 2 weeks 1 Spring Obligatory 

Application of engineering software of the professional directions 4 weeks 2 Spring 

Optional(choose one 
of these courses) 

Design of the Experiment of professional directions 2 weeks 1 Spring 

Design of the project of professional directions 2 weeks 1 Spring 

Off-campus
(Engineering 
practice base)

Training and practice of professional skills 6 weeks 6 Spring Obligatory 
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Abstract—Today, employers highly appreciate in addition 
to knowledge and skills in the professional field new abilities 
such as collaboration, creative approach to solving production 
problems, learning throughout life, the ability to adapt to 
changes, and the responsibility for the completed projects. The 
issues of the formation of professional competence among 
technical specialty students during the process of studying 
fundamental disciplines are considered. The model and the 
conditions of its realization using information and 
communication technologies are described. 
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1. Introduction  
Nowadays there are new demands to engineers’ education 

(training) process according to the modern conditions of social 
development, improved production technologies and 
globalization of economics. Narrow and professional approach 
to education today is not sufficient, and higher education 
together with training of new generation specialists for labor 
activity should create an educated citizen, critically thinking 
individual, who have adopted certain cultural standards, 
democratic values, ethical principles. This new personality 
should have an ability to appreciate the moral value of actions 
and choices, significance of national cultural values and 
intercultural dialogue. Today employers, along with 
professional knowledge and skills appreciate new abilities 
such as teamwork, creativity, an ability to anticipate events 
and put in a broader context, resourcefulness, an ability to 
learn and adapt to changes, efficiency, and accountability 
organization. And the fundamental basis of all important and 
relevant disciplines in a technical institute of higher education 
is physics. Teaching physics is carried out during the first two 

years of education in college. At present, it was revealed the 
need to expand the role of physics in terms of building 
readiness of students for professional careers. The integration 
success of fundamental and professional training determines 
the understanding of readiness for professional activities [1]. 
To solve the problem of formation of a technical college 
students’ readiness for professional careers during studying 
fundamental disciplines there was developed a special model 
of teaching and were formulated conditions for its functioning. 

 
2. Model  

According to the proposed model, student will be prepared 
for future career if he can cope with the project technologies 
for application of fundamental knowledge in solving problems 
in the fields of his future professional activity. To reach such 
result it is necessary to eliminate major shortcomings of 
traditional training related to the inefficiency of managing 
cognitive activity of students [3]. This transition is about the 
orientation from the average student to a particular one, when 
teacher receives information about the quality of learning of 
the material directly during the process of classes and 
independent work; it is also about supporting students during 
their cognitive activity [4]. Rectification of shortcomings will 
be more effective if to use interactive teaching methods which 
include a set of pedagogical influence instruments. For an 
effective functioning of the formation model of students 
readiness for their future careers there were identified several 
educational criteria. The first one concerns implementation of 
multilevel monitoring of the formation of a technical college 
students readiness for professional careers during the process 
of learning physics with the help of information and 
communication technologies. The second term is about using 
elements of professional work during the formation of project 
tasks in the process of studying physics. And the participation 
of physics teachers and professors of relevant disciplines in 
the design and analytical students’ activity is also important 
[5]. Implementation of multilevel monitoring is carried out 
during lectures and practical classes accomplished in the 
sphere of IT technologies or with its help. Such processes are 
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based on using experimental specialized auditorium with 
feedback, where control of students’ cognitive activities is 
organized in the ACS SCA environment (automated control 
system of students’ cognitive activity). Specialized auditorium 
is equipped with personal computers for students. The teacher 
can conduct a survey in the form of testing and receive 
afterwards information about the level of data mastering, the 
degree of students’ readiness to further solving and mastering 
of new material in real time. 

It is important to conduct the first students’ lecture with 
psychologist for taking into account personal characteristics of 
students, to identify the dominant trends in their behavior, 
their motivation concerning professional career [2]. 
Psychologist gets all the necessary psychological 
characteristics of students. Psychological and pedagogical 
feedback in ACS SCA is based on the parameters of the model, 
in which there is a professionally selected and adapted set of 
psychological techniques. They can determine the dominant 
trends of behavior in student studying activities and his 
motivational mechanism: a value orientation, the leading 
manner of activity and behavior strategy in achieving goals, 
personal meaning, determination of technical or humanitarian 
types of thinking, as well as their development; emotional 
student response in a situation of testing his knowledge level, 
his competence in the studying material [6]. Thus, project 
teams should be formed according to psychologist’s results. 

To educate students of engineering specialties inside the 
"Power and Electrical Engineering" course in Tomsk 
Polytechnic University a project-oriented approach is used [7]. 
The project-oriented approach for teaching students of 
technical college implies the approach based on an 
independent student project work, which is focused on solving 
of problematic situations identified on the basis of the 
interconnection between basic and specialized courses. From 
the first year of education students are involved in solving 
problems with a professional directivity during learning 
physics. To implement this approach students solve physics 
problems which can occur in the future professional activity. 
Such tasks are coordinated with departments where students 
learn. When analyzing tasks students generate the ideas, which 
they bring to life in the performance of micro- and macro-
projects. 

To introduce a project-oriented approach the following 
steps should be implemented: gradual students training to 
conduct project work during learning physics, identifying 
personal characteristics of students, building skills to work 
independently as well as problem-solving skills when student 
is in a team. On the first propedeutic (preparatory) stage it is 
necessary to disclose the specifics of the project activity and 
its importance to professional engineers. On the second stage 
students learn to work individually within their project 
activities. Teacher should give each student an opportunity to 
implement himself in the process of learning physics, to 
comprehend its fundamental mission for further understanding 
of the possible future career, and to learn how to use physics 
knowledge in future professional activities. On the third stage 
students need to learn how to conduct group project work. The 

teacher must teach students to work in a team with a creative 
approach to solving of professional tasks. 

The transition to an independent project-oriented activity 
of students should be in the system "student - teacher of 
physics, teachers of professional branch of science", because 
such coordination of students’ activity organization by 
teachers of physics and teachers of professional disciplines 
facilitates the identification of the most relevant issues which 
will be a constituent part of the professional activities of 
specialist [8]. 

It is possible to distinguish the following competencies of 
students which should be formed: 

• the level of theoretical material; 
• the formation level of professionally-oriented design 

skills; 
• the level of motivation to the professional activity. 
 

3. Implemenation of the Model 
Implementing organizational and the activity model unit of 

the competencies formation among students of engineering 
specialties include preparatory, formative and final stages. 
Here is an example of this unit implementation for specialty 
"Electrical Power Systems and Networks." Currently, one of 
the problems to be solved by specialists of this course is the 
development and effective use of methods of nondestructive 
control of power plants’ equipment. These methods include 
acoustic, magnetic (electromagnetic), optical, detection of 
defects with penetrating substances, radiative, radio wave, 
thermal, and electrical methods. They are the basis for the 
technical inspection of devices and the detection of equipment 
defects. Using these methods on modern production plants 
helps to reduce an amount of accidents, to improve durability 
and efficiency of the equipment. 

Awareness of these methods allows forming in students the 
necessary competencies they will need in their professional 
activities. It is carried out during their further studying in 
special departments. The integration of professional and 
fundamental knowledge is accomplished by selecting physical 
project tasks oriented on professional career. Selection of the 
tasks is carried out in accordance with the following 
requirements: compliance with educational standards accepted 
by the university, compliance with students’ level of training, 
and connection with future professional activities. 

As it was already mentioned, an important stage in physics 
studying is to set tasks for students tailored to their future 
careers. Tasks are divided into elementary components and 
then students are checked in the classroom with feedback to 
identify afterwards the problematic situations. They are often 
caused by the lack of interconnection between physics and 
problematic tasks of future students’ careers. The formation of 
the idea of solving physics tasks can be implemented within 
the comprehensive project. Initially, students carry out their 
particular projects, and then they turn them into the complete 
and united one. The development, presentation and project 
evaluation occurs with the direct participation of physics 
teacher and teachers of specialized disciplines (specific 
departments). The implementation of the proposed procedure 
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can be considered on the example of the problem of thermal 
imaging (control) in the electricity industry. It should be noted 
that classroom time for studying the topic "Thermal radiation", 
which is the basis for thermal control, it is often not enough. 
Therefore, student projects include an independent studying of 
the laws of thermal radiation as the basis for thermal imaging. 
After this, students learn the mechanism and principle of 
operation of the thermal imager. 

Change in the effective surface temperature of the body 
corresponds to the details of the visually observed pattern, so 
created by thermal imager visible analogue of the thermal 
image in pseudocolors may have a resemblance with an 
observed object, which is important for an objective analysis 
of the threats posed by defects in different instruments, 
devices and equipment. Based on the analysis, students make 
the following calculations. For example, from the temperature 
of fuses, measured by the thermal imager, their factory sizes, 
the initial resistance and the type of material (taking into 
account temperature coefficients for the different temperature 
ranges) it is possible to calculate total and specific resistance 
of the fuse and the energy of thermal radiation. Further, the 
obtained values are compared with the parameters of the 
limiting material melting states, taking into account the 
thermal losses. For insulators the thermal conductivity can be 
determined and if it decreases, the possibility of leakage 
currents should be revealed. 

Individual projects developed by students are incorporated 
into a single, integrative macro-project on thermal control in 
the electricity industry. Project work is completed after report 
on the student conferences of various levels. Team of students 
performing macro-project may offer fellow students to answer 
test items on their report (after acceptance of tests with the 
teacher), thereby encouraging them to participate actively in 
the discussion. 

Working within the projects increases the level of 
understanding and mastering of theoretical material. Students 
report in the form of presentations, calculation programs, 
calculations and animated demonstrations shows acquired 
competencies and create a motivation framework for future 
professional activities. 

Motivating students to the professional activities is 
assessed by the goals, which students of engineering 
specialties try to achieve within the projects, which methods 
they choose, what inspires them. 

Level I (low) is characterized by few positive motives for 
the future professional career. Basically, it is such motives as 
avoiding inconvenience, discomfort or narrowly personal. 
Cognitive interests are amorphous, situational. 

Level II (intermediate) is when there is an interest to the 
future professional activities, all the positive motives are 
related only to the productive side, are focused on the success, 
achievement of results, and studying process in this case 
serves as a means towards this end. 

Level III (high) implies the formation of all components, 
when the motivation is clear and the directivity of cognitive 
motives is stable. 

To assess the current level of theoretical material 
mastering were used the results of the exams of all studied 
sections of the physics course. The level of formation of 
professionally-oriented design skills was assessed with taking 
into account the abilities to analyze problem situations, to get 
new information for solving the problem, to choose way and 
methods of solving the problem and the ability to work in 
teams. The analysis shows a tendency of increasing the level 
of theoretical material mastering, the level of formation of 
professionally-oriented design skills, motivation level to the 
professional activity, when using the described scheme of 
training. 

 
4. Conclusion  

Thus, the proposed model was tested with students of 
specialty "Electrical Power Systems and Networks" in TPU 
and confirms the increased levels of interest among students of 
engineering specialties in acquiring new knowledge and 
motivation to the formation of professional competencies. 
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Abstract—Relations between the information capabilities of 
students and the implementation of the project to the education 
of excellent engineers is analyzed. 62 representative university 
library websites as well as 189 students in our university were 
selected for comprehensive study. It is concluded that, the 
current university library information services have not yet 
been able to meet the requirements of educational reform, and 
years of development on digital resources with carrying out in 
large-scale has not produced desired results at undergraduate 
education. Three points of reform are proposed on the aspects 
as follows: (1) on the digital information resources 
development projects, (2) on the development of the students' 
information literacy , and (3) on the combination of 
information literacy education and professional education. 

Keywords- Excellent Engineer Training Program; e-
learning; information quality; library; information navigation  

1. Introduction  
Plan for Educating and Training Outstanding Engineer” 

(PETOE), is an important project to implement the “National 
Medium and Long-term Educational Reform and Development 
Plan” (2010-2020) and the “National Medium and Long-term 
Talent Development Plan” (2010-2020). The purpose of the 
project is to train a number of high-level engineering and 
technical personnel with strong and high innovative 
motivations and be able to adapt to economic and social 
developments. Our university comes in the second term of 
PETOE project, it is crucial that we play our role in the project 
to provide full support to the reform in all departments. 

In recent years, university libraries have been doing a lot of 
work in digital resource construction to better meet the 
requirement of teachers' scientific research work and the 
cultivation of graduate students.  But these resources have not 
played its due role in the undergraduate education. This paper 
studies the improvement of the college library information 
service work, to adapt to the requirements of  PETOE. 

2. The Relationship between Library 
Information Services and PETOE  

Pursuant to the 11 common criteria of undergraduate level 
engineer education of PETOE[1], that criterion No.4 of the 
"understanding of the professional development status and 
trends", No.5 of the "understanding of the technical standards 
of the professional field, policies, laws and regulations in 
related industries ", No.6 of the "ability of obtaining 
information and capability of professional development”, 
No.11 of the "international spectator and exchange in a cross-
cultural environment, as well as the capacity in competition 
and cooperation" etc. all requires the services of information 
and closely associate with e-learning. Whereas, "a good 
engineering ethics, a strong sense of social responsibility and 
good humanities literacy" as defined by criterion No.1, and "a 
strong sense of innovation and capacity in product 
development and design, and creativity in technological 
innovation” by criterion No. 8, and " sense of quality, 
environment, occupational health, safety and service" by 
criterion No. 9, have much to do with the library information 
services and e-learning. Therefore, it is concluded that to 
improve the library information services is an integral part of 
PETOE. 

The major manifestation in the system of curriculum of 
PETOE is to reflect the ultimate value of the development of 
students’ personal capability[2]. Students are the masters of the 
curriculum. With the participation in course learning, they 
actively give full play to the studies, take the initiative to 
acquire knowledge and continuously improve the ability to 
creatively explore the unknown world. Thus, they will gain 
comprehensive development in the process of their curriculum 
studies. To achieve this goal, two important issues must be 
dealt with in priority: the issue of information access and 
utilization by students, and the issue of establishment of 
information resources. These are the two aspects of the same 
issue, the growth of students' information literacy needs of a 
gradual process, to effectively facilitate this process for student 
needs to build up a suitable base of resources. The studies of 
this thesis is to analyze the existing problems of university 
library information services and come up with a possible 
solution of how to build information resources platforms to 
facilitate undergraduate students for the purpose of improving 
their quality. 
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3. Problems in Library Information 
Service in High Education Facilities  

In today’s phenomenon of widely used in computers and 
networks, digital resources have been the main target of use in 
man’s acquisition and utilization of information resources. 
Students, apart from those who came from the remote and 
pastoral areas, most of them have already mastered the basic 
operation of computers and networking. Some of them are even 
better than the teachers. After they started the life in the 
university, information retrieval courses are mandatory courses 
in which students learn the basic principles, methods and skills 
[3,4]. 

Under the leadership of the relevant state departments, 
digital resources construction have been carry out in large-scale 
such as huge projects like CALI and CADLIS[5-9]. Colleges and 
universities with their own academic strengths have been 
undertaking a lot of work in primary and secondary literature 
database construction[10-16]. Most colleges and universities 
directly under the Ministry of Education have built database 
with characteristics of their scientific subject. These database 
systems have comprehensive collection of their own scientific 
area or topics, and have been providing strong support to the 
studies of the subject matter with sufficient depth and breadth 
coverage. 

However, the authors found in daily work that the majority 
of undergraduate students in the use of library facilities of 
digital resources are limited to bibliographic retrieval and 
courseware materials, in addition to the main channel of access 
to information of free social resources, such as Baidu, Google 
and other search engines. Many students wrote the papers with 
a whole bunch of patchworks of these free information 
resource. The authenticity, scientific and applicability of these 
information resources are questionable. As a result, these 
studies in turn adversely affecting the quality of education. 

In order to study the causes of this phenomenon, the 
authors selected 62 institutions of higher education for case 
study according to geographical distribution. Within the 62 
institutions, there are 23 colleges and universities directly 
under the Ministry of Education, and 39 universities from the 
local area. These institutions of higher education include all 
provincial, autonomous regions and municipal levels excluding 
Taiwan Province, Hong Kong and Macao areas. There are 17 
comprehensive colleges, 13 Engineering colleges as well as 6 
teacher colleges, 6 financial, and 6 medical colleges 
respectively. There are 3 Politics and Law Schools and 3 
schools of foreign languages. There are 2 sports and\or art 
schools and 4 agriculture, forestry, animal husbandry colleges. 
This case study comprises of a strong representation. 

Searching in the library websites of above institutions of 
higher education, the authors found that the current library 
information services are mostly functioned to satisfied the need 
of "knowledge points" (i.e. a particular book or article). 
Undergraduate students have two main difficulties when using 
these facilities to retrieve information:  

1) The problem of low academic achievement resulted in 
poor understanding of the information retrieved and might be 
getting irrelevant information as targeted. 

2) Insufficient time to process the information retrieved to 
fit into the special subject they focus on, in that unlike 
graduate students, undergrads have to face heavy duty studies 
in the semester and there is too little time they could afford to 
spend on individual courses. 

From the case study, most of the libraries (100% of the 
universities directly under the Ministry of Education, and 
97.6% of the local undergraduate institutions) have established 
their collection of bibliographic database to provide a 
personalized service network for all staffs and students. This 
includes bibliographic index information, personal loan history, 
ordering books, renewing books and so on. However, you can 
hardly see the second or third indexing documents to facilitate 
the development of undergraduate students. 

The authors have extracted representative information 
service items (be included in over eighty percent of the sample 
websites) from the interested 62 university libraries web site 
for case study. Then, we have conducted a questionnaire 
survey among 189 students in grades 2, 3 and 4 of our 
university. The findings are shown in Table . 

 "Collection Search (bibliographic index)" is seen as the 
most frequently used item. 78.3% of students in this survey 
admitted that these services are most frequently used. The use 
of other services is of relatively low frequency. There are some 
services that have "never used", the proportion of it nearly 
among to 38%. 

The findings of this questionnaire study also show that 
students are more interested in the need of “knowledge-line”. 
The so-called "knowledge-line" refers to a special topic or the 
knowledge of a special category[17]. For instance, the 
knowledge in regards to the concept of "financial crisis", or the 
scientific and academic knowledge in regards to the nationwide 
competition of university students’ masterpiece of designs etc.. 
Over 80% of the students in this survey called for an increase 
in such navigation services. 

These factors show that such a huge digital resources 
platform to facilitate universities and the society has not yet 
achieve maximum benefit for the huge information receiver 
groups in the universities. The main problem is not related to 
students who are not familiar with the principle and operation 
of the system, but due to the lack of information navigation 
aids.  

This must bring to the attention of all to be fully aware of 
that, for most undergraduate students,  it is a guiding process  

TABLE I. QUESTIONNAIRE RESULTS 

Items
Results

Frequently used Never used

Collection Search 148(78.3%) 9(4.8%) 

Renew Books 84(44.7%) 38(20.2%) 

Fund 2010 Higher Education Reform Project of Guangdong Province 
(BKZZ2011022),  2010 experiment teaching Reform Project of Guangdong 
Province(2010003) 
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Items
Results

Frequently used Never used

My Library History 69(36.5%) 47(24.9%) 

Category Navigation 68(36%) 32(16.9%) 

My Search History 45(23.8%) 60(31.8%) 

My Needs 40(21.3%) 62(33%) 

Reservation Books 35(18.5%) 61(32.5%) 

Recommended Books 35(18.5%) 62(32.8%) 

Lending Ranking 33(17.5%) 59(31.2%) 

New Books 30(16%) 67(35.6%) 

Readers Recommend 27(14.4%) 71(37.8%) 

Book Review 26(13.8%) 70(37.2) 

My Collection 19(10.1%) 66(35.1%) 

to lead them to grow from relying on classroom teaching 
materials learning to advance through interdisciplinary 
thematic literature to obtain the required self-knowledge. 

It is the major task for higher education to improve the 
process of such guidance. University libraries should focus on 
the integration of resources to provide efficient and convenient 
ways for undergraduate student groups, in order to improve and 
enhance the students' information literacy in a gradual and 
orderly manner. 

4. Some Porpasals to Improve the Task of 
Information Services  

Now that we are already in possession of high-quality 
academic subject databases, we could be able to put them into 
great effect as long as we know how to utilize these resources 
to educate our students. The authors believe that in order to 
achieve this goal, we must first and foremost full fill the tasks 
as follows: 

3) In reference to the way of organizing and coordinating 
the CALIS and CADLIS projects, we will systematically unify 
the digital resources for the benefit of students and at the same 
time emphasize on individual responsibility. The universities 
and colleges bearing the responsibility for building scientific 
subject matter databases must choose a subset of the material in 
the databases for students specialized in the field, and provides 
an overview of the topic, in the mean time open to other 
institution for resources sharing purposes. 

 
4) Perfect the principle of differentiated services in that 

setting up the school's digital resources portal web design to a 
different window and thus, setting up a navigation interface 
for different groups with unique classifications and needs. We 
expect that this would enable the readers to reach a fast and 
accurate access to relevant resources according to their needs.  

 

5) Enhance the collaboration between library and 
classroom teaching, establish and update digital resources 
navigation for undergraduate specialties according to the 
progress of the local economic zone. 

 
6) Embed the teaching of information literacy into 

professional courses for graduating students. When it comes to 
the stage of graduate thesis or designs they could be able to 
use the system of special databases directly to complete their 
trainings in such respect.  

5. Conclusion  
In summary, the current university library information 

services have not yet been able to meet the requirements of 
undergraduate educational reform, and years of development 
on digital resources with carrying out in large-scale has not 
produced desired results at undergraduate education. This is a 
problem that is worth to take seriously. Further improvement of 
the library information service work is important for 
implementation of PETOE project. 
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Abstract—In this paper, folk art class, for example,Clarify 
in teaching should be based on the course (folk art) in a form 
for the foundation, working people's living and production 
based on the main line of folk art forms of the associated 
property, are classified teaching point of view, examples focus 
on respect to comply with the regulatory class method, the 
habits of civil labor, the linkages between the various forms of 
folk art and the common features of the classification of ideas, 
as well as the form of derivatives, function approximation, the 
process of convergence classified. I hope a positive reference 
value for the improvement of education and teaching in the 
classification of cognitive and curriculum pedagogy.

Keywords-classified teaching;  classification method;  
deduction

1. Introduction
The folk art is among the laborers, but also of their own art. 

The working masses in productive labor, social activities, I, in 
order to meet the spiritual life of the needs of their own 
creation and spread of a simple, free form of ideographic and 
application of them. It is not the composition of the work, 
techniques, materials classification, but mankind has created a 
variety of art forms in the form of the private sector [1]. 

    Common teaching methods prevalent in the only listed 
on a separate introduction and case of the several 
manifestations, many folk art forms and manifestations of 
mutual relations and internal relations are involved, for 
students, folk art seems to be only performance classdescribed 
in a single case, difficult to understand the nature of folk art 
widely distributed folk born in the life of the people's labor 
productivity, or simply impossible to understand. Merely 
express the people's yearning for a better life "and the simple 
concept of trend Kat evil spirits" and superficial level, or 
bamboo, straw, batik, clay sculpture, paper cutting, blue cloth, 
folk toys ... and so on through a simple list of law [2]. Students' 
understanding of the folk art is isolated and fragmented the 

concept of nouns and pictures, or even just the impression of a 
few isolated works of art. Therefore classified as teaching 
methods and the understanding of the nature of the origin of 
folk art is particularly important.

    To make the students thorough understanding of the folk 
art and knowledge of folk art and folk art to generate interest 
and enthusiasm, should be associated with various forms of 
folk art in a specific teaching practice-based line, the
development of folk art was born and the presence of the 
foundation for basis for the classification of folk art of teaching. 
Should be based on the masses of working people's living and 
production in the regulatory class method is based on respect of 
compliance with civil labor habits, and strive to achieve the 
objective rustic real. Between various forms of folk art in the 
form of derivative, function approximation, the process of 
convergence and the relationship between a more systematic 
classification of teaching.

    Analyze and explain the concept of association, the 
integrity of folk art, to solve the isolation is prone to various 
forms of folk art courses, the intellectual content of dispersed 
messy, and students' understanding of the folk art category 
recognizes only stay in the individual works of art presents the 
outlook on the situation.

2. Classify by Derivative Form
The form of derivatives classified by the characteristics of 

folk art forms of the derivative relationship between the various 
forms of study from the meaning of function, classified 
according to its most fundamental and most primitive form of 
derived relations in the form. Series in the form of derivative 
chain of folk art form, first create a form of derivative 
perceptual concepts into the aesthetic characteristics of rational 
analysis.

For example, it is usually in the folk art teaching of the folk 
art form of a separate listed and introduced the concrete form 
by the teachers all the information at hand for the introduction 
of the basis of information and explanation on the detailed, lack 
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of information of the corresponding explanation and analysis is 
relatively crude. Students to obtain and understand knowledge 
also the corresponding single-sided, isolation, lack of a rational 
understanding of deep-seated and Global Perception. In the 
students the impression that the relationship between the 
various types of folk art forms like straight poplar forest, and 
exist independently of each other, non-interference in each 
other's exchanges. 

    But in fact between the forms of folk art of paper cutting, 
dyeing, embroidery, sewing, plaiting are interdependent and 
interrelated. Reference to the original form of paper cutting is 
done by the beginning of the embroidery draft, known as the 
pattern of paper flowers around after the original fabric color 
printing, and embroidery, printing and dyeing and fabric in the 
embroidery, respectively, at the beginning of life with the use 
of functional the performance of the final form. From the 
process perspective, including a series of processes of textile, 
dyeing, sewing, embroidery, plaiting, etc.. History succinct, 
with the improvement in material standards of living conditions 
of working people, the spirit of the aesthetic needs of 
continuous improvement, these original in many aspects of the 
same production chain have to grow up, combined with the 
geographical and cultural differences were formed a variety of 
different styles and the face of folk art forms, known as paper 
cutting, dyeing, embroidery, cloth. However, the cause of the 
beginning of its birth, the formation of living, productive labor 
needs to each other derivatives is not not destroy, but also can 
not let go. In the social division of labor "men plow and 
women weave" these more than the woman at home to 
complete, so in general terms as "female red", but also for the 
"workers" or "female power". Include seeing today is the 
concept of female red paper cutting, dyeing, embroidery, 
sewing, plaiting form of folk art, multi-generations of mothers
and daughters-law passed along, but also referred to as the 
"mother’s art" [3]. 

    Derivative in the form of folk art, folk art courses taught 
and teaching activities, relations are classified, the introduction 
of the concept of female red will be a variety of folk art form of 
association runs through to explain, obviously vivid. So Road, 
the story was thorough and meticulous, first emotionally closer 
to the distance between the students and folk art. Paper cutting, 
dyeing, embroidery, sewing, plaiting, these beautiful art forms 
and works no longer seem lofty and difficult, as last night, 
mother manual. Emotional closer to inevitably lead to the 
deepening of understanding, the memory of the firm. In other 
words, perceptual thorough rational understanding is profound, 
and will greatly improve the efficiency of students of folk art to 
understand and classroom.

3. Classify by Technical Process
The process of convergence classified by studying folk art 

form of the existing form, find the common application of 
media or expression vector, in specific teaching to explain the 
main line, the process of establishing its public expression 
vector successively in series to each step of the process, On this 
basis, to analyze the characteristics of the form. Abstract 
concepts to guide the students with the convergence 
characteristics of the process procedures, or rely on a public 

carrier, understanding, memory, push the performance 
associated with various forms of folk art. Think of all kinds all 
kinds of folk art in the form and works by the carrier craft 
procedure.

    For example, in many forms of folk art, stone carvings 
multi-pillar, the amount of Square, stigma, column bases, doors 
and windows, stone, Shek Kwu and lions of stone elephants, 
Shuanma stone and other building components or accessories. 
The brick works for the main gate, door cover, flowers, 
windows, screen wall, gable wall eaves and roof and other 
parts of the building's exterior decoration. The carvings are 
mostly the doors and windows of the residential building itself, 
and household fan, shrines and internal furniture, wood carving 
decoration graphical form are functional as a precondition, with 
openwork carving, relief carvings and other forms. Lacquer 
works with woodcarving combination, taking into account the 
dual function of the corrosion protection and beautification of 
buildings and furniture, with richly ornamented effect "national 
characteristics.

    Folk will be able to engage in some kind of specialized 
technical labor or external addition to the daily labor in a field 
of expertise called craftsmen. For example, to grasp the stone 
carving skills of the workers called a mason, will learn the the 
woodcut skills of workers known as the carpenter. Introduced 
in teaching the concept of "Carpenter", the process works and 
the works of folk art known as "Carpenter Gong" or "Carpenter 
workers. Private building construction and decoration as the 
main line craftsmen labor for clues decoration along the 
building construction process followed, the series engrave 
stone, carved bricks, carved wood, decorated with paint, and 
other folk art, craft and form. So has the support of the 
"architecture" and "Carpenter work" series, the students have a 
basis point and the basis for memory and understanding of the 
appropriate folk art, the ability to abstract concepts through 
construction and the work of Carpenter, "think of the concrete 
(building The decoration of the inside and outside the various 
types of decoration and decorative craft) building up concepts 
quickly into the image. Such as stone, brick, wood carvings, 
lacquer ware, and so on all kinds of folk art forms filed into the 
room like beads out of a variety of processes, each process in 
turn appear vivid, deep and easy to remember to understand.

4. Classify by Function Approximation
Functional approximation classified France summed up by 

analyzing the function of folk art forms, common to many folk 
art forms are an approximation property. On the specific 
operation, regardless of the history function, social function, or 
the existing functions to find out by comparing the induction 
between the various folk art forms of common or similar 
special function levy, the functional characteristics based on 
the division, summed up with the same or similar functional 
characteristics of folk art form.

    For example, sugar, clay sculpture, shadow play, kite, the 
illuminations of these folk art forms of distribution at different 
times in different regions of the Spring and Autumn seasons, 
urban and rural marketplace, isolated from each other 
independent of each other. Teaching and other forms of folk art 
mixed with each other list them all, like a broken thread people 
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upset unbearable, the trade-off, not to mention the 
understanding of memory, imitation draws.

Can be summarized by analyzing the induction of its 
features are: sugar are the streets and lanes of folk art, multi-
blow or two forms of painting, by the the hawkers Diaodan 
street, flowers, birds, fish and insects with sugar as raw 
material, the text that play video and other image to please the 
children. Clay is the fields of folk art, clay-based material to 
shaping the Zodiac hanging tiger mud toys, to impose a green 
and red painted for the children and grandchildren to play with 
another auspicious. The shadow play is a backstage folk art, 
from pork, beef, animal skin, cut engraved chisel painting 
process, shaping the character of theater history, with light wax 
film with the hit song singing of folk artists, operas rhetoric 
interpretation of the classic story, entertaining enlightenment 
function, is one of the important spiritual and cultural life in the 
peoples of the old labor. Kite wood Harrier kite folk art from 
the Moti "Wood Harrier incoming civil evolved into bamboo 
paper structure, to learn the New Year decorative features, 
more in the spring flying entertainment for all ages. Lantern 
jubilant festivals of folk art, common in old season or marriage 
Shou festive materials for bamboo and rattan paper silk, its 
shape is changing in style, in civil society at the same time the 
role of entertainment and cultural symbols.

    Classified divided based on function approximation can 
be found in the sugar people, clay sculpture, shadow puppets, 
kites, illuminations and other forms of folk art have the nature 
of the educational, entertainment, belong to the same culture 
and entertainment areas. Then be summarized by reference to 

the concept of the common folk vocabulary of "playing the 
goods", can be covered by the sugar people, clay sculpture, 
shadow puppets, kites, illuminations, etc., these approximate 
the functional properties of folk art forms. Classification with 
function approximation and the unifying of the concept of 
"playing goods, originally scattered sugar, clay sculpture, 
shadow puppets, kites, illuminations of these folk art forms of 
have a connection point and similarity, no longer seem 
complicated mess bear, hard to remember, teaching and thus 
add to the fun.

    Courses taught and teaching activities in folk art, folk art, 
the function approximation characteristics are classified into 
"playing the stock" concept, a variety of folk art forms together 
classified to explain everything for the condensate. Such a 
focus on integration of the classification of explanations, from 
the functional characteristics for students to find specific forms 
of mutual contact of the folk art and easy to remember the 
connection point. Taught to help students understand the 
understanding of folk art at the same time, the integrated 
approach to learning folk art induction.
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Abstract—Based on the Newton’s law of motion, the
motion equation of the microscopic car-following model is 
introduced. The moving vehicles comply with the idea of 
Newton's equations of motion. But the interaction between 
vehicles is different from their traction. The inertia of the car 
is not its mass. We discuss the differences and present how to 
treat them. This article can deepen and widen the students' 
understanding of Newton's laws of motion. It can also provide 
the materials for university physical teaching. It is suitable for 
the students to exploratory study.

Keywords-component; Newton’s law of motion; the car 
following model; inertia

1. Introduction
Mechanics study the interactions of objects as well as their 

motion under the interactions. The Newton's three laws of 
motion are the basis of mechanics. The motion states of a 
particle can be determined by the Newton motion equation. In 
middle school, mechanics is the main part of the physics 
teaching. The students have known very well about how to 
solve linear motion and uniform circular motion with 
Newton's law. In college physics teaching, the basic laws of 
mechanics, including Newton's three laws of motion, work-
energy theorem and impulse-momentum theorem, have been 
teaching in classroom systematically. The particle dynamics 
problems can be divided into two types. (1) Knowing particles 
equation of motion, to find the action on it force. This kind of 
problem can be adopted by the differential method. (2) 
Knowing force on a particle, to find the equation of motion. 
The kind of problem can be worked out by integral method. A 
variety of cases of these two kinds of problems are teaching in 
classroom, such as the external force on particle is a function 
of time, or position or velocity, etc. It is also given out the 
solving steps for every cases. Through the accumulated effect 
of exerting a force on a body that undergoes a displacement, 
work-energy theorem is introduced. By the accumulation 
effect of the net force acting on the object during the interval, 
the impulse-momentum theorem is introduced. On the 
classroom teaching systematically and large exercise training 
after class, the students master the fixed steps and thinking 
mode on solving problems by Newton's law. In principle, 
students should be able to solve all the particle dynamics’ 
problems. 

But some factors becomes the obstacles to develop the 
ability of applying knowledge to solve actual problems. Such 
as the teaching materials are out of line with the actual living 

cases, and the teaching goal is for the entrance examination,
etc. Even though students know well about the teaching 
physical content and have a large number of similar repeated 
training exercises, it is restrained the students’ minds of 
students. This paper analyzes that the Newton’s motion 
equation applied in traffic problem to deduce the microscopic 
car-follow model equation. On the one hand, to promote the 
students' interest in university physics, on the other hand, to 
display application of physical basic principles in the solution 
actual problem.

High efficient transport system is the development 
foundation of modern industrial society. With the rapid 
development of industry, the traffic volume increasing rapidly 
in many countries is over the capacity of the highway. It has 
seriously hindered the development of society. Understanding 
transportation process and the dynamics law is the basis of 
solving the traffic problems. As in 1935, Greenshields [1] 
started to study the vehicle traffic problems. Transportation 
process shows so many physical phenomena, such as dynamic 
jam, phase change, critical phenomenon, metastability, self-
organized critical state, nonlinear wave (solitary wave), etc. 
These phenomena attracted the physicists’ wide interests. 
They study the traffic problems from physics thoughts. It is 
said that the development of the modern traffic theory is the 
organic combination of the computer technology and modern 
physics technology. Helbing [2, 3] carried on the detailed 
conclusion on traffic physical model. Microscopic car-
following model is a good example for applying the classical 
Newton’s motion equation to solve  the traffic problem. 

2. Microscopic Car Following Model
Newton's second law of motion describes the reason for 

the variation of the  motion state of the particle. It is the 
relationship between the net force and the changes of motion 
state. It states as that the net force vector is equal to the mass 
m� of the object times the acceleration of the object. 

� � � �tF=
dt

trdm
����

��2
�

� 
�

��2
                                                 (1) 

where ��F
�

is the force between particles � and �, which is 
related with position or velocity of two particles.

Consider the traffic flow as a particle system and the 
simple case of linear movement as the friction Ffr(t)=- ��v�(t)  
with friction coefficient ��, so the Newton motion equation of 
particle (1)  can be expressed as:
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where t),(xF �0   is the vehicle driving force, which is the 
interaction between the particles. From this equation, it is 
deduced systematically to many physical quantities, such as
the density of particles, momentum or average rate, etc. 

Highway traffic can be regarded as the self-driving system. 
The moving car can be treated as particles in the system (as 
shown in figure 1 below). Besides the external force, there are 
the internal forces from other particles in the system. The 
driving force of between cars can be used (t)F�

0 to 
instead t),(xF �0 . The inertia is the property of the tendency of 
an object to keep moving once it is set in motion. Usually, the 
mass is a quantitative measure of inertia. In the traffic flow, 
the vehicle mass is not the inertia because it is the self-driving 
car. The inertia is related to the vehicle mass. But it is also 
related to the other factors, such as the driving force and 
braking force etc. So it is hard to decide. In the model, the 
quality m� can be moved to the right side of the equation and 
combined with the force together as the force, which is also 
undetermined. This method is also applied to the calculation of 
density functional theory. Let (t)v�=(t)F ���

00 , ��� 	m=� / ,
(t)fm=(t)F ����� , the equation (2) is as

� �tf+
	

(t)v(t)(t)ev=
dt

(t)dv
����

��
�

���� 
�

�

00

                            (3)

The meaning of the first term in the right of the equation is 
that in the relaxation time 	�, the particle speed tends to the 
wanted velocity (t)v�

0 as the exponential function form on the 

effects of the driving force �� 	(t)v /0 and friction force 

�� 	(t)v /� . The (t)f�� is the action from other particles. 
����!����������
�����!�����������������
��!��
�������������
�������
will lead to gather effect to form a blockage. So, it is usually 
use to reducing or exclusive action.

In 1950s, physicists Pipes put forward the microscopic 
traffic car-following model [4]. He assumed that the 
���
�
����!�� !�� �
����
� ��  ���� "
�
���
"� ��� ���� ��!���
neighboring. Therefore, equation (3) reduces to: 

� �tf+
	

(t)vv=
dt

(t)dv
)(��


�

���
1

0

�
�                                            (4) 

It should pay attention that the Newton’s third law of 
motion is not suiting to in the case. The leading vehicle has an 
effect on its following vehicle, but the following vehicle has 
no action on its leading car.

The force 01 <(t)f ��
 � , shows the repulsive action of 
vehicle � and its leading vehicle (�-1). It is influenced by three 
factors: (1). the relative speed (t)��� , (2). the safe distance

(t)s� , (3). the speed (t)v� of the vehicle �. Forces (t)f ��
 1� is 
the function of three amounts, 

� � (t))��(t),v(t),f(s=tf ���)(��
 1�                                        (5) 

When the vehicle is in the motion of constant acceleration, 
it can introduce the traffic correlation function of speed. 

)��,v,	��+v=)��,v,(sv ������
e

0                                   (6) 

Substitute (6) into (4), it can simplify model equation as

	
v)��,v,(sv=

dt
dv ����

e
� �                                                 (7) 

Equation (7) is the basic equation microscopic car-
following model.

Bando [5] supposes a specific form

]d+)d(d)[(v=(d)v cc
'
e tanhtanh2/0 �                            (8) 

where V0 the maximum speed of the vehicle, dc the safe 
distance. Using the optimal speed of traffic instead of the 
correlation function, the car-following model can be represent 
as 

	
(t)v(t))(dv=

dt
(t)dv a�

'
ea �                                                   (9) 

In Bando’s simulation, the traffic appeared three different 
areas: stable area, metastability area and unstable region. 

When it is in stable condition 
2¡
1>

ds
)(sdv=

dd
)(ddv

�

�e

a

�
'
e , which 

means the relaxation time is larger or the velocity is larger, 
only a tiny disturbance will cause traffic jams. Figure 2 is a 
system evolution plot of time and location structure by Bando 
[5]. In the picture, the black areas represent a higher density of 
vehicle which is easy to form traffic jams areas, gray area 
stand for the low density areas of vehicle. The high density 
areas is called jam phase, low density areas is called the 
movement phase.

l�� � � l�-1   l1   l��� ��lN   

1� �-1�¢�

Fig. 1 Schematic plot for car flow [4]
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3. Conclusion
From the above derivation process of microscopic traffic 

car-following model, the interaction between the vehicles is 
not the traction of cars. It is related to the safe distance of the 
car, the speed of the car and the speed difference from the 
leading car. The inertial is not the mass of vehicle because of 
the self-driving system. It can be treated as combining in the 
interaction. The Newton’s third law is not suitable in that case. 
But the idea of Newton’s motion law can still be used in the 
traffic problem because the motion and its state of vehicle are
determined by the interaction. 

In the microscopic car-following model established 
process, it is a very good example for how to treat and 

simplify the physical concept and the basic principles of 
physics. It is presented the practical application of the physical 
ideas and methods. This is the missing part of the classroom 
teaching. It is also important ability cultivation for students 
using learning knowledge to solve actual problem. This paper 
hope to provide materials for college physics teacher to 
teaching in class and for students to make creative learning.
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Abstract—The limitation of accounting experimental 
teaching software leads to the level of teaching falling behind
that of practical applications. In order to solve this problem, it 
is necessary to construct an accounting comprehensive 
experimental platform. It is highly feasible to establish such a 
platform based on SaaS mode. Furthermore, when developing 
this platform, some new requirements are proposed to the
functional design of the platform. 
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1. Introduction
Accounting is a highly practical major. Therefore, in the 

process of training accounting professionals, it requires the 
students to possess not only a wealth of theoretical knowledge, 
but also solid and skillful accounting practice skills. 
Accounting experimental teaching combines accounting theory 
and practice, which is an important part of cultivating students’ 
professional practice skills. Since accounting experimental 
teaching software can stimulate business accounting process 
intuitively, it is popular among university teachers and students, 
and has been an essential basic tool of accounting experimental 
teaching. However, along with the development of information 
technology, especially network application technology, 
accounting, experimental teaching software can not keep up 
with the development of information technology, which causes 
that the experimental teaching level significantly fall behind 
that of practical application.

2. Existing Problems of Accounting 
Experimental Teaching Software
A. Experimental contents 

Experimental contents mainly focus on accounting, which 
results in the lack of accounting analysis, forecasting and 
decision. It is universal that we only pay attention to financial 
accounting experiment teaching. The normal experiment 
teaching begins with the writing of accounting numbers, and it 
is a cycle process with drawing up and checking the original 
documents, filling the proof of registration, registration books 
and preparing financial statements. It lacks of simulations of
professional courses, such as management accounting, 
financial management, auditing and assurance and taxation law.
Hence, students can not simulate the actual enterprise 

accounting work comprehensively, systematically and 
completely. Consequently, they are unable to master the ability 
to carry on the reports of the merger, financial statement 
analysis, cost forecasting, decision making, internal control, 
assessment, and so on. The above-mentioned phenomena 
reveal the shortage or insufficiency of abilities as to analysis,
judgment and decision making for the accounting professionals.
It is obviously inconsistent with the requirements to the 
accounting professionals of information society.

B. Experimental form  
At present, the accounting experiments are primarily about 

fractional experiments rather than comprehensive ones. 
Generally speaking, the accounting simulation experiments are 
performed according to the knowledge of accounting business.
The objective of experiments is to provide the relevant
fundamental materials of accounting so that the students are 
capable to complete the corresponding accounting business 
operations. It is known that fractional experiments, for example, 
accounting entries, books and statements, have their standard 
references. For students’ performance evaluation, it mainly
considers simple assessment of the attendance and 
experimental results, which easily yields copying and 
plagiarism. Thus, it is difficult to improve the practical 
effectiveness of teaching and experiments, because fractional
experiments cannot effectively simulate the real enterprise 
business environment.

C. Experimental software
The software for accounting experiments cannot be shared

and updated in time. The software is principally stand-alone 
and LAN versions, and usually software providers limit the 
number of users and the range of use through hardware 
encryption. With the limitation of the software architecture, 
experiments can only run in a limited cyberspace, so that the 
students cannot exchange and share data during experiments.
Recently, the amendments to the accounting policies and 
regulations have changed frequently, which leads to the 
corresponding adjustments of processing methods of 
accounting transactions. These changes, however, cannot be 
timely reflected in the experimental projects, and can only wait 
for the software provider patch to correct. More seriously,
some accounting experimental teaching softwares are not 
updated timely, therefore, the software system exists a large 
number of obsolete and error experimental projects, which 
would results in the failure of carrying out experiments and 
improper experimental operations for students.
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D. Accounting informatization experiments cab not totally 
replace manual experiments.
In the traditional manual accounting era, limited to the class 

hours and textbook contents, there exist a huge contradiction 
between the limited nature of the experimental teaching 
resources and numerous accounting practices, and such 
contradiction could be resolved effectively by the accounting 
manual simulation software. With the popularity of accounting 
information, manual accounting simulation software will fall 
into disuse eventually. However, besides the courses of 
accounting information system, many other related 
experimental courses, such as cost accounting, financial 
management, auditing still mainly depend on manual 
experiments presently. Because of the deficiency in hardware 
and software investments, accounting computerization
experiments in universities are still in the period of stand-alone 
operation experiments, while few universities have sound
system of accounting experimental teaching under network.

The above-mentioned problems seriously affect the quality 
of teaching in accounting experiments, which partially result 
from the lack of openness in the accounting experimental 
teaching software architecture. Teachers and students in 
universities can only passively adapt to the software system, 
but they cannot effectively play a leading role during 
performing accounting experiments. As a consequence, the 
new demands and methods of the experimental teaching can 
not be timely reflected in the experimental teaching software. 
Therefore, it is necessary to build a comprehensive accounting 
experimental platform, whose content can be updated timely
according to the development of its applications, strengthen the 
comprehensiveness of the accounting experiments. The new 
platform can surmount the restraints of sharing of time and 
network space, which gives rise to the enhancement of the 
experimental flexibility. Moreover, the simulation of the 
experiments can also be strengthened by fusion of the manual 
simulation and information technology in experimental modes.

3. SaaS Mode’s Advantages in 
Construction of Accounting 
Comprehensive Experimental Platform
E. SaaS Mode  

SaaS (Software as a Service) is a new software application 
mode based on the Internet. In SaaS mode, software service 
providers deploy software system on the server so that the 
users can get the services by the Internet according to their own 
actual demands. Users are not obliged to buy and maintain the 
software, since the providers will supply entire management 
and maintenance of the software system. Including Internet 
applications, the providers also offer offline operation and local 
data storage of the software, thus the users can employ the 
software and services whenever and wherever.

Presently, SaaS-based application mode becomes more and 
more maturely, and it has been applied in enterprise 
management. Applying the SaaS-based application mode in the 
construction of accounting comprehensive experimental 
platform is highly feasible, and it is an important development 

direction of accounting experimental teaching system in the 
future.

F. Advantages of SaaS Mode
Applying SaaS-based mode in the accounting experimental 

teaching is the best way to adopt advanced techniques to 
construct accounting comprehensive experimental platform. 
Not only it can cover the shortage of experimental facilities, 
but also it shows the advantages over the traditional accounting 
experimental teaching software as follows: 

� Lower cost of purchasing the experiment software. The 
traditional accounting experimental teaching software 
uses charge mode authorized by providers. Apart from 
the charge of the software itself, one need to pay the 
subsequent practice and service charges, so the cost is 
relatively high. SaaS-based charge according to the 
actual need is more flexible and more economical.
Some software system providers also offer users 
experience free of charge, making it easier for users’ 
tryout and choice. 

� Update the software automatically. In SaaS service 
mode, software service providers take charge of the 
installation and maintenance of the server and users.
The user can apply the latest edition of software all the 
time without caring about the updating, which 
efficiently guarantees the experiment contents can keep 
pace with the practical applications. 

� The enlarged time and space of experiments. Students 
can easily conduct accounting comprehensive 
experiments by internet browser at any time and any 
place. This method increases the opportunities for 
students to operate themselves. It also resolves the 
problem that the traditional experiment teaching could 
not benefit many other students not majoring in 
accounting.

� The strengthened experimental simulation. Through 
online experiments, students can experience the 
distinctions and responsibilities of different roles
(accounting positions). And their cooperation abilities 
to work together cooperatively could be cultivated 
through the way that many students accomplish 
enterprises accounting events online at the same time 
from many positions. 

4. Design of Accounting Comprehensive 
Experimental Platform Based on SaaS

Based on SaaS mode, accounting experimental system, as a 
service on the Internet, will exceed laboratories, schools and 
even regional restrictions, and it will provide online 
experiments for tens and a hundred of times number of the 
student users compared with the original mode. The number of 
data access is huge. Therefore, powerful “single 
instance multiple applications” is needed. This demands higher 
requirements on the functional design, including the 
appearance of the program, work process and business rules,
data model, and the function authorities of the end-users.
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G. Appearance of the program
The appearance of the program includes two aspects. The 

first is a friendly user-interface. Nowadays, there are many 
mature user-interface technologies in the internet application
technology, for instance, Microsoft .Net platform including 
theme, skin, masterpage, which are used to beautify the user-
interface. The second is the localized experience. For SaaS 
mode, the users’ experiences are fundamental to software
system. Therefore, the basic characteristics of the accounting
experimental platform based on SaaS mode is RIA (Rich
Internet Application),  under which users can obtain the 
convenient experience by Internet platform, equivalently to the 
desktop applications, namely the localized experience. 
Currently, the available technologies include silverlight, ajax,
and so on. By the application of these new technologies, 
students on the Internet platform will have the same operation
experience as using word, excel in their daily work. This 
will effectively improve the operability of the accounting
experimental teaching to enhance students’ interests in carrying 
out experiments autonomously.

H. Work process and business rules  
Work process and business rules in the accounting 

experimental teaching platform should fully show the process
of collection, processing, storage and output based on the 
rules of accounting treatment. While at the same time, it should 
also reflect that the electronic data is processed
automatically. This requires the combination of the manual 
simulation process and the accounting information processes, 
removing some redundant manual operations, and opening
some autonomous “black boxes”. For example, the essence of
parallel registration in manual accounting treatment is to copy, 
classify, summarize the accounts coding of accounting data,
but this process no longer exists in the commercial accounting 
software. As an experimental project, it has little value and 
should be obsolete. The function of preparation of statement in 
the commercial accounting software process is extracted and 
dynamically generated from the data of accounts summary 
table, according to the accounting coding in computers. This 
process as a “black box” must be opened and we should design 
manual experimental projects which allow students to complete
the data extraction and preparation of statement.

I. Data model
In SaaS mode, accounting comprehensive experimental 

platform should contain a large experimental database on the 
server side. This experimental database is not a simple exercise 
library or case base. First, the experimental database should 
contain the simulation. Processing of the accounting business
originates from operating activities, so the basic experimental 
project of accounting is an accounting process corresponding to 
every business activities. The basic experimental project items 
comprise of a complete accounting business cycle, being able 
to reflect the true and complete enterprise business processes.
Second, the experimental database should be comprehensive. It 
should include financial accounting, financial management,
internal control, tax accounting and the other accounting 
professional experimental teaching contents. There are large 
numbers of experiments designed in terms of basic accounting 

knowledge. With the completion of accounting basic 
accounting business experiments, there will bring a lot of 
accounting information, which can be further processed,
handled and outputted. During this process of “deep 
processing”, the knowledge of financial management, internal 
control, tax accounting mastery can be digested, reflecting the 
synthesis of accounting experiments. Moreover, the 
experimental database produces experimental projects based on 
basic business activity of the specific accounting period, these 
individual experimental projects can update timely. With the
rapid development of accounting modes, accounting methods 
and new business, the original accounting data should be
appropriately adjusted to ensure the consistency of the 
experimental contents and actual accounting business. With 
the enrichment and updating of the experimental data, the 
platform can be flexibly adaptive to the change of accounting 
methods. 

J. Functional authority of the end-users  
Similar to general accounting experimental teaching 

software, the users of accounting experimental teaching 
platform consist of students, teachers, system administrators,
and so on. However, in SaaS mode, the functional authority of 
the above three categories of users has changed to a certain 
extent. 

� In SaaS mode, students are the subjects of experiments. 
They proceed to experiments, studying and 
communicating in a shared platform. It breaks through 
the limits of both time and space, and 
has greater autonomy and flexibility. Moreover, a large 
quantity of experimental data can be accumulated 
through experiments, such as accounting statements of 
different business circumstances, financial analysis 
reports, audit reports, etc. These experimental data are
helpful to carry out more advanced accounting 
experiments and further to enhance the initiative of the
students during accounting experiments. 

� In SaaS mode, teachers are still the guiders of 
experimental teaching as well as the designers of the 
experiments, who provide various and configurable 
experimental tasks for students.  For instance, when 
doing pointed special experiments, teachers can guide 
students to distinguish the accounting practice 
characteristics of different types of enterprises so as to 
realize configurability of experimental teaching 
contents by extracting some experimental projects 
from experimental database and integrating them into 
industrial enterprises, commercial enterprises, foreign
trade enterprises and other business scenarios.

� In the traditional accounting experimental teaching 
system, the institution’s laboratory staffs are essential
to the system maintenance. While in SaaS mode, the 
software providers are in charge of the system 
maintenance and unified management of the platform.
As the system administrators, higher requirements are
put forward for the ability of the managers.  
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5. Conclusions
To sum up, there exist essential differences between SaaS-

mode-based accounting comprehensive experimental platform 
and the traditional computerized accounting. With the 
reconstruction of the basic frame of software system, the 
contents and models of experimental teaching will change 
remarkably. It is of great significance to study how to fully use 
the latest information technologies and software application 
mode, to reform accounting experimental teaching and to 
deeply excavate the potentials of accounting experimental
platform based on SaaS mode.
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Abstract—In view of the irrational phenomenon of many 
highly educated intellectuals showed non-rational behavior; it 
consider that the reason for this non-rational behavior is 
caused by the artificial fragmentation of scientific attainment 
education and humanistic spirit education in modern China 
higher education. This article maintains that healthy higher 
education should be based on scientific literacy, oriented by 
humanistic spirit, and to aim at the promotion of students 
personality perfection. Based on these, this paper ideal is the 
unity of human spirit education and science literacy education 
in modern Chinese colleges and universities is need urgently, 
that is to fully integrate the human spirit and science literacy, 
practice the way of the combination of science and humanities 
education. Focus on the combination, the connotations, 
objectives and ways to realize are disscussed in this paper, it is 
thinking that practices the combination of science and 
humanities education way should develop education theory, 
establish the educational methodology suitable for the science 
and humanities education, and seek the reuniting of science 
and humanities education from the history of science literacy 
education and humanities spirits education, reform the 
probleme in the combination of science education and 
humanities education, to carry out the education of science 
and humanities at the same time, reshaping the values of today 
higher education. 

Keywords-Teaching Reform; scientific literacy 
education; humanistic spirit education; Science & Humanities 
Education 

1. Introduction  
There is a true story widely quoted saying that a survivors 

from Nazi concentration camp after World War II became a 
school principal, whenever a new teacher came to the school, 
the principal would give the new teacher a letter: "dear teacher, 
I saw human beings should not to see the scene: Poison gas 
chambers were built by engineers with expertise; children were 
poisoned to death by the learned doctor; children were killed 
by trained nurses. When I see all this, I doubt: education, 
whether it is for what? My request is please help students grow 
as humane. Only our children grow up to be a really humane 
people, the ability of read, write and count have value. " 

This true story, not only convey to us is awareness of the 
fundamental value of respect for life education, but also reveals 
the importance of the unity of natural sciences and human 
spirits in education. If education put aside the moral values, 
just talk about "knowledge", this "knowledge" is most likely to 
evolve into heresy, may become machinations, even nightmare. 

Nightmare emerged continuously in recent years such as 
suicide, homicide, killing teacher, matricide ... some highly 
educated people and college students despise the human life 
and lack of life awarenesse should arouse people's alertness, 
this is not only the topic about respect life, take responsibility 
and improve the anti-frustration force[1], but also the distorted 
human nature caused by no humanistic spirit, which are closely 
related to the long lack of humanistic spirit in higher education. 

Einstein said that the core values of education is to let 
human nature to be improven, he believe that students could be 
a useful machine by professional education, but not necessarily 
to become a harmonious development man, to make students 
understand the value and produce warm feelings, obtain a clear 
cut discrimination of beauty and moral, therefore, it is not 
enough only professional knowledge education. 

2. Asymmetry of Science 
Literacy&Humanistic Spirit Education 
for Modern College Students  

Human spirit reveal the meaning of human being existence, 
reflect the life value, it is cultural values of an era [2]; Science 
literacy is the knowledge and ability people should have to deal 
with the relationship with nature, that is people use scientific 
knowledge to deal with the problem [3]. 

A. Fragmentation of human spirit and science literacy
Before the mid-19th century, the fundamental purpose of 

universities was training physical and psychological developed 
people, the purpose of higher education is to search for truth 
and perfect personality, even Cambridge and Oxford, did not 
develop intellectuals, but train service personnel for the church 
or government. 

With the development of science and technology, human 
spirit education in universities was challenged since the start of 
the industrialization, because human society need expertise 
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who master science and technology urgently, the University's 
mission shift to train technical personnel, science become an 
important part of university education, the function of science 
education gradually replaced the humanistic spirit education.  

Universities in China established in the late 19th century 
and early 20th century, although the main motivation of the 
University's establishment is to make country rich and to build 
up military power, main content is to develop the natural 
science education, but retains part cultural education, especially 
traditional Chinese humanism education. To the 1950s, for one 
sided learning the Soviet Union, the faculties were adjusted 
across the country, the implementation of the humane and 
science separated education across the whole country, some 
universities which were focus on the development of science, 
even cancel humanities and social science departments, science 
and human spirit were artificially separated. 

B. Adverse reactions of human spirit and Science Literacy
were artificially fragmented
Tsinghua University professor Peng Lin pointed out that the 

phenomenon of "having high scores but poor ability" is only 
one expression caused by the lack of humanistic spirit for the 
20th century students, the phenomenon of “knowledge, no 
culture” is more serious[4]. In 2011, Jiangxi province carried 
out the first event about “Survey of Jiangxi Province Public 
Humanities and Social Science Literacy”, and published an 
investigation report[5]. The report shows that, although people 
thought to enhance the humanistic quality had a significant 
meaning, but the test results about the basis human knowledge 
is a bit worrying, Taoism and Confucianism in China has more 
than two thousand years, but the people actually accepted the 
test, 27.1% consider LAOZI was a representative figure of 
Confucian, 4.2% consider LAOZI is a representative figure of 
the Legalists, and another 4.2% choose "I Do not know". 

If anybody think about the case of Ma Jiajue who become 
to a campus butcher from a merit student in 2004, Fu Chengli 
who become a violent killers from a unshine boy in 2008, Yao 
Jiaxin who changed to a “cruel murderer” from “God's favored 
one” in 2010, and recently the killing teacher case occurred in 
Jiangsu university of science and technology, and other 
unreasonable and irrational things like “World of Warcraft 
Trading”, abortions of female college students and so on 
demonstrated that people do not know Taoism representative 
figure is not just the lack of cultural knowledge, but the higher 
education long-term lack of humanistic spirit is terrible. The 
root cause of this situation is caused by higher education long-
term exercise a high degree of differentiation of specialized 
education, and this is concentrated expression of humanism 
and literacy artificially separated. 

C. Universities urgently need the unity education of human 
spirit and Science Literacy
The history and reality of human society education has 

proven that humanities should have valuable natural science, 
the decline of the humanities today show that the humanities 
without natural science is incomplete; however, natural science 
without human spirits is also incomplete, even dangerous, drug 
professors' case is a typical crime case that use the professional 

knowledge, and endless stream of suicide, homicide, killing 
teacher and matricide happened in the universities force us to 
ponder, what makes the students, even scholars accepted higher 
education, disregard life like that? This is not just the life 
education topic about fear and respect life, take responsibility, 
improve the resistance to the life frustration[1], but are closely 
related to the absence of humanistic education in modern 
higher education, colleges and universities urgently need the 
unity of human spirits and science literacy. 

3. Integrate Humanities and 
Science,Implement Science & Humanity 
Education 
D. The connotation of science & humanity higher education

Science and humanity had great contribution to society 
progress and personal liberation, but because of the narrowness 
of humanistic spirit and the utilitarian of science & technology, 
humanities is helpless when it face science and technology. 
Today, science and technology is developed rapidly, but it is 
more and more apparent that this decelopment can bring 
disaster to mankind, in order to avoid the human destruction, 
people must control this development, making it with a human 
face, and let it service for humanity, this is to make science and 
humanity adapt to the development of times and technology 
requirements. 

Science and humanity not only believe science, but also 
advocate the humanity, where science and technology as a 
basic mean, the humanistic spirit as the value of the objectives, 
the purpose is to promote the harmonious development of 
natural science and human spirit. Science and humanity not 
only concern the humanity in science and technology, but also 
pay attention to the scientific value of the humanistic spirit, in 
the field of science and humanity education, natural science is 
the foundation, humanistic value is the objective, development 
of natural sciences and the human spirit is coordinated, and 
complement each other, real service for the human life. 

Therefore, higher education with science and culture should 
combine the core of the human spirit and the natural sciences, 
it should based on natural science, oriented by humanistic spirit, 
focus on the personality development, and emphasis a blend of 
science & humanity in professional development, reshape the 
individual and coordinate the role of social through education, 
to promote educational innovation through the science research, 
and highlight the humanity through science and humanities, 
therefore, the concept of science and humanity education fully 
reflect the human values and imbued with a strong sciences and 
humanities spirit. 

E. Objective of science & humanity higher education
In 21st century, human society is facing four trouble, they 

are all life will be eliminated by the nuclear war on Earth; 
whether mankind can survive from the ecological destruction 
for continuous development of industrialization; population 
growth and the North-South confrontation is likely to cause 
global conflict, structural unemployment as a result of the rapid 
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expansion by production automation. Education in 21st century 
must cultivate the ability to resolve these challenges. 

United Nations experts in education, S. Rasskh and G. 
Vaideanu, noted, "We do not forget that the beneficial effect of 
the philosophy of the Renaissance and Enlightenment period in 
the transformation of education, in particular, should keep in 
mind the precious example of ancient Greece. As Karl Marx 
pointed out, in ancient Greece, an ideal objective as a strong 
and lasting yearning physically and spiritually successful in 
shaping the human. In any case, educational activities and 
educational institutions only follow one of the highest purpose 
only reason to exist"[6]. The ultimate goal is to "perfect 
personality" by integrate science and humanity education. 

F. The realization of science & humanity higher education
Artificial fragmentation of science literacy and humanism 

spirit education is biased, some people is increasingly inclined 
to the coordinated development of the human spirit and science 
literacy, practice to carry out an active exploration and research, 
and achieved significant results[7, 8]. 

1) Establish the education methodology for science and 
humanity education. Research of educational theory started in 
the 1920s,  in the development process, it is bound by the semi-
colonial and semi-feudal society for a long time, therefore, the 
theoretical development has been in a state of brief introduction 
and imitation for the foreign theory, the main content was the 
study of educational theory in the United States and Japan. 
After the founding of new China, due to the impact of political 
factors, since the 1950s, higher education in China began to 
learn, even copy the Soviet Union education theory, but in the 
1980s, once again study western educational theory, all of these 
indicate that our educational theory lack of self-consciousness  
and subjective consciousness, and our own educational theory 
has not well established. 

After the reform and opening up, Deng Xiaoping proposed 
that education objective should be face modernization, face the 
world and face future, China's education once again on track; 
In the 1990s, Jiang Zemin proposed that education should 
achieve “two important changes”, he pointed out that the 
education necessary to change the development way from 
extension and expansion to the connotation elevation, and pay 
close attention to the quality of education; Change the low 
efficiency classroom but increase burden outside classroom to 
improve high efficiency classroom but decrease burden outside 
classroom, create effective classroom, "China Reform and 
development Outline" and "facing 21st century China 
Education Revitalization Action plan” has promulgated since 
1993, the outline and the plane pointed out the direction to 
improve the quality of education, and set forth requirements for 
the development of China's educational theory, also brought 
the opportunity to develop by leaps and bounds. 

In human society start the second decade of the 21st 
century, people should summarize the results of education in 
China since the reform and opening up, establish education 
methodology with a connotation of science and humanities, 
provide strong support for Chinese education. 

2) Build combination of science and humanity education 
from the two history. In history, the main content of Chinese 
education is traditional humanity education and the education 
content is Confucianism. Science literacy education was 
gradually rise up after the Western education system was 
introduced into China, the concept and definition of the word 
“SCIENCE” gradually clear after the argumentation such as 
China's knowledge is the fundament and the western learning 
to use, it can be said that modern Chinese education from a 
humanisty education to science education was directed by the 
value of the science literacy education, therefore, there is 
superiority in the field of the combination of science literacy 
and humanism spirit in China. But the education system did not 
coordinate the relationship of humanism spirits and science 
literacy, especially since the Opium War, "Behind will be 
beaten" deeply rooted in it, exaggerated the role of science, but 
negated human spirit, these cause the serious deficiencies of 
the human spirit in today higher education. 

Higher education should summarize the education history 
of humanities and science, it is necessary to strengthen the 
scientific knowledge, and promote the scientific literacy. 

3) Establish new order of science and humanity education. 
There are some significant problem in modern Chinese higher 
education, mainly reflected as the five field: the first is higher 
education has been divided into liberal arts and science, and the 
classification began to adopt from secondary school, there is 
almost no communication among various subjects; The second 
is the course settings cared more is  the professional features, 
rarely take into account the role of the humanistic spirit in 
professional training; The third is emphasis on the professional 
knowledge too much, makes students' disciplinary perspective 
and academic atmosphere has been greatly restricted. The 
fourth is the impact of various trades and industries emphasize 
economic construction in recent years, the utilitarian invade the 
education system; The fifth is no matter what kind of students, 
the same teaching programs and the same curriculum was used 
in the school education, which affect students’ overall quality 
training and suppress students’ personality development.  

All of these questions show that university education 
quality and efficiency can not match the times requirements, it 
need to find and establish new educational order which based 
on the science and technology, oriented by the humanistic spirit. 

G. The implement of science & humanity higher education
1) Set general courses for science literacy & humanistic 

spirit. Based on these ideas, university should set up some 
general courses, such courses should include humanity, social 
science and natural science, such as science and technology 
philosophy, basic science, astronomy, geography, aesthetics, 
psychology, art, history, economics and so on; such courses 
teaching, on the one hand, emphasize on ethics and 
responsibility, respect for personal believes and cultures, on the 
other hand to highlight the human spirit and scientific literacy 
to help students to establish a correct world outlook, values and 
aesthetics, while focusing on students correct view of science 
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and rational wisdom. In addition, the general courses should 
pay attention to inspire, enlighten and infected students, the 
pursuit of macro knowledge and vast nature, giving 
prominence to improve the educational goals of personality. 

Set up general courses could not just focus on professional 
courses, it need to emphasize the integration of the human 
spirit and scientific literacy, the courses need to connect with 
the life, and have a strong science, humanities and openness, 
they are able to accommodate the development in all aspects of 
the students. Based on these, the author opened a general 
course of "physical thinking and humanistic spirit” in NUIST, 
the course tried to introduce the human spirit in the process of 
physics development but not to appear formula, the course 
examination was mainly in the form of attendance and course 
paper, the teaching effectiveness is very good. 

2) Create a campus culture for scientific literacy and the 
human spirit education. The spirit of the students humanities is 
to rely on the development, practice has proved that construct a 
variety of campus culture with strong humanistic atmosphere is 
an effective way to cultivate the humanistic spirit of college 
students. To create a campus culture, on the one hand should to 
organize series lecture that is conducive to improving the 
scientific quality, create a free academic atmosphere that 
without the pressure of examinations, therefore, the speaker 
gives such talks need to take a meticulous planning, not only 
the topic has a distinctive theme, but also the speak has the 
passion during the speech, so as to producing the effect of 
human spirit; On the other hand, the University should 
regularly organizes cultural festivals, science and technology 
festival, cultural salons, book clubs, film and television reviews, 
poet friends and other such activities in the campus, and 
advocate the students participate in various activities, by this 
way, let the students feelings to be sublimated in the college 
campus, and let the students' sense of responsibility, sense of 
mission, sense of obligation and dedication to be strengthened 
from these activities. Third, colleges and universities as talent 
training base should increase funds input, improve the teaching 
conditions, updated laboratory equipments and supplement 
library resources, at the same time, colleges and universities 
should strengthen the campus landscape construction and 
create cultural landscape in campus, so that students both in 
first-class laboratory with advanced equipment, early exposure 
to advanced science and technology to improve the scientific 
quality, but also thought provoking, cultivate character and 
sublimate the spirit in a beautiful campus environment. 

In May 2012, NUIST organized the international students 
from and hold the first International Cultural Communication 
Festival, the activities conducted only one morning, but it has 
played a positive significance for the communication of 
Chinese stedents and the international students, and it also 
played a positive meaning of the promotion of Chinese 
students understand the culture of other Third World countries. 

3) Implement teaching reform of science education 
combine humanity and humanity education combine science. 

On the basis of carring forward the fine traditions of the 
humanities, it should restraint the radical voluntarism and 
extreme romanticism in the humanities, and fully integrate into 
the scientific thinking, such as inject logical spirit, enter the 
scientific world outlook and respect for the rules of nature 
science laws, let science promote the progress of humanities 
education and discipline self-improvement, make it as an 
important symbol of liberal arts education endeavour. Apart 
from these, liberal arts education also needs to draw on the 
scientific method, such as scientific empirical reasoning, and 
the critique, innovation and enterprising based on scientific 
method. Some specific content of science education is 
abstracted and decomposed by science liberal arts education, 
and this content is integrated into the humanities education and 
research with the use of scientific creativity, reasoning and 
critical, so that liberal arts students obviously feel the appeal of 
science in their own professional, and to understand the 
compatibility between science and liberal arts education. By 
this integration of science and liberal arts education reform, it 
can can remedy the pragmatic awareness and utilitarian 
mentality of the traditional liberal arts. 

By the way of setting general courses, NUIST has done a 
lot of work for the combination of science and humanity 
education in recent years, the school set “College Language” as 
a general course, and every science and engineering students 
must elective it; according to the school in advantage of the 
atmospheric sciences, require all discipline set up two 
“meteorological characteristics” courses as the must elective 
courses. In addition, the science and engineering students must 
select a "humanism" kind course and all liberal arts students 
are asked to select a “Science Literacy" kind course during the 
college, there are over 60 general courses for students to select 
every semester, the general courses involved in history, arts, 
literature, philosophy, science, engineering, agronomy, medical, 
business, management science and other various disciplines, 
this kind of course set up can promote the integration of 
students' scientific literacy and humanistic spirit, it play a 
positive role of right extend the students' cause. 

4. Conclusions  
Improve the Science Literacy of liberal arts students and 

the humanistic spirit of science students, the integration of the 
humanistic spirit and science literacy is becoming a consensus. 
The combination of science literacy and humanistic spirit in 
higher education based on the science education, oriented by 
the humanistic spirit, it is performance as infiltration of science 
and humanities, it stress the unity of the moral,  sciences and 
humanities, the ultimate aim is to shape a complete personality. 
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Abstract—Scientific research evaluation has an important 
guiding significance to university scientific research work. 
Based on conflict analysis model, it studies the strategies and 
preferences among the government, universities and scientists 
in the scientific research evaluation mechanism. It builds a 
conflict analysis model of  three players and gives all possible 
equilibrium situations. The paper also analyzes the 
characteristics analysis of each equilibrium situation, it finds 
out the Pareto optimal situation of scientific research 
evaluation. The article provides guidance for the establishment 
of the evaluation system of university research. 

Keywords-Scientific research evaluation; Confict; 
Equilibrium 

1. Introduction  
In our country, the group of researchers such as teachers in 

many research universities is one of the important subjects to 
undertake development and research of the social academy. 
Therefore, academy naturally becomes a key factor and the 
core of the university. Academic evaluation is the judgment 
and affirmation of the intrinsic value of the academic 
achievements. For universities, it is the wind vane of academic 
development direction. It directly determines the value 
orientation and working key for researchers. With the increase 
of researchers and institutions, our country invests huge 
amounts of money for scientific research every year. However, 
it is hard to evaluate the academic level and quality of scientific 
research (Wei Zhang, 2007), as we investing huge scientific 
research funds. In the universities of our country, a large 
number of scientific and technological achievements pass the 
assessment every year. However, the achievements of scientific 
research which meet the needs of the community and can be 
translated into practical productive forces and products are 
insufficienct. To sum up, through continuous reform, the 
evaluation index system, means and ways of scientific research 
achievement obtained comprehensive progress than before, 
starting from the system environment to specific systems and 
measures, and even legal protection, the implementation 
process, being more comprehensive, systemic. These methods 
provide the basis and norms for us to make some evaluation. 

They also provide a platform for the evaluation of academy 
achievements (Yuqing Ceng, 2006). During the process 
university research evaluation system, there are varying 
degrees of judgment and understanding of conflicts among 
various interest groups in some aspects such as the quality of 
the research results, quantity and efficiency. It is difficult to 
meet the requirement of suitability, fairness, impartiality in the 
evaluation system of university research achievements. It 
affects the stability and development of scientific research in 
universities (Ying Zhou, 2003). To resolve conflict, ensuring 
the overall interests and long-term stability of universities, we 
use the conflict analysis theory to analyze the conflict in the 
university research evaluation system and its stability to 
provide a useful reference for the evaluation system of 
university research. 

2. Theory of Conflict Analysis  
Conflict analysis is a conflict analysis strategy presented 

by Fraser and Hipel in 1980s. It is a decision analysis method 
which focuses on solving social disputes. Conflict analysis 
aims to coordinate the contradiction of each participant in the 
conflict and put forward finally expedient solution. Conflict 
analysis model can be abbreviated as: G = {N, Q, V, UI}. N 
is the player, namely the conflict subject. Q is all possible 
situations set under the current conflict model. They are 
represented by 0-1 sequence and changed a binary number 
which corresponded by each situation   into a decimal. V is the 
order set which represented player’s   preference to 
feasible situation. It is the optimal vector. UI is the set of 
unilateral improvements for all the players on their respective 
preference order of each element. The process of conflict 
analysis method is formed by two components modeling and 
stability analysis. Its processes are as follows: 

Conflict analysis method starts from the analysis of the 
situation’s stability. For a conflict situation, we need to 
consider whether multiple players in a pass to leave the current 
scheme can achieve better situation; Whether the last project 
cooperating with other players and partners to benefit is worth; 
How will the other players face the council of human 
movement and anti-movement in the conflict; All above 
information will be examined as the results of a conflict. 
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3. Establishing of the Conflict Model
A. Conflict players

The evaluation system of university scientific research 
achievement contains two kinds of stakeholders, universities 
and researchers. However, the government also playes a great 
role in China’s current of university research evaluation system 
guided by the government. The relationship among these three 
game subjects shown in Figure 2. 

 
It can be seen from Figure 2, the government research 

department’s encouragement to the researchers is a strong 
incentive, and the university’s encouragement to the 
researchers is a weak incentive. This double game equilibrium 
is favorable for the dedication and diligence of researchers. It is 
necessary for the government research department reforms the 
current research project funding management system and 
achievements assessment system, in order to mobilize the 
enthusiasm of the researchers and stimulate the creativity of 
researchers. Therefore, in the conflict model of university 
research evaluation system, there are three major decision 
makers, namely, researcher, university and government. 

B. Strategy of playerss 
The current studies of college scientific research achievement 
evaluation are mainly focused on the importance of quality 
and quantity in college scientific achievements evaluation. 
The results of these studies are mainly embodied in the 
scientific research achievement evaluation index system, as 
well as the qualitative evaluation and quantitative evaluation 
of research. Quite a few scholars advocate that the evaluation 
of university scientific research achievement should 
emphasize on quality of the achievement, and support 
qualitative evaluation. Qualitative evaluation seems to be 
more close to the characteristics of evaluation objects, and can 
reveal the value scientific research achievements better. The 
evaluation based on university scientific research achievement 
evaluation criteria seems to put emphasize on both the output 
of scientific research activities and its quality superficially. In 
fact the evaluation of scientific research achievements biases 

the pursuit of quantity, and ignore the quality. It makes 
scientific research activities more and more away from its own 
laws, which pushes academic morality level falling, and 
academic value depreciated causing certain impact on teaching 
level in universities. However, the humanities and social 
sciences can't provide the identification methods as clear as 
natural science. Even in the presence of social effect, it is 
difficult to use digital display. Along with the reform of 
evaluation system of scientific research, a simple method of 
quantification evaluation attracts considerable attention.  As 
Deng Yi said in "Analysis of the university research quantitive 
evaluation" that academic quantization is not only possible but 
also necessary. The fundamental purpose of academic 
quantization is not a ' final judgment' of the academic research 
ability of an individual or a group, but an opportunity for 
potential researchers standing out Yi Deng,2006 . 
Quantitative evaluation method has great practical value 
because it is flexible, objective, easy to be operated and it can 
get an objective outcome based on the statistics, 
metrology ,the given parameters and other software, 

The index system of university scientific research achievement 
evaluation is a wind vane for wind researchers in universities 
(Junping Qiu 2007). The operability of qualitative evaluation 
is not strong, and   the subjectivity is outstanding. Although 
the quantity is important, the quality is  more important. The 
quality can easily be ignored once the quantity is pushed to the 
top position. As the objective data cannot reflect the 
abstraction of scientific research, quantitative evaluation 
cannot guarantee that the data is effective to scientific research 
evaluation. In order to compensate evaluation problems, 
appropriate quantitative indicators should be introduced in the 
index system scientific research achievement evaluation. It 
plays a role of supplement and supervision in qualitative 
evaluation, so that the effectiveness of the scientific research 
evaluation index system can be improved and perfected. 

In addition, the economic benefit of scientific research is 
an important indicator of universities and its research outcome. 
At present, university scientific research evaluation system 
focus on the pursuit of academic benefit, pays little attention 
to the actual benefit, especially the transformation from 
intellectual property to economic achievements. With the 
further development of economy, science and technology 
system reform, considering the economic benefit of scientific 
research when designing the evaluation system of college 
scientific research achievemenst  is not only  beneficial to the  
improvement of scientific research management,  but also 
conducive to the acceleration of the popularization and 
application of research results, promoting the rapid 
transformation into enormous material strength, which can 
improve the scientific research work efficiency. Therefore, the 
conflict strategies of the three main decision makers are 
respectively: Researcher: A-- focus on the quality of scientific 
research; B-- focus on the quantity of scientific research ; C--
focus on the social benefits of scientific research. 

Figure 1 The game relationship among stakeholders in university 
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University: D-- focus on the quality of scientific research; 
E-- focus on the quantity of scientific research ; F--focus on 
the social benefits of  scientific research. 

Government: G--use peer review, focus on quality, take 
incentive measures to the person who improving the quality of 
scientific research achievement; H--focus on the effect of 
scientific research, take incentive measures to the person who 
improving the social benefit of  scientific research 
achievement. 

In the conflict, each player can choose strategies according 
to other participants' measure. When every participant has 
selected a plan, the situation of the conflict is called a state. 
Theoretically, there exists 23+3+2 =256 states in this conflict, in 
fact many states is not possible. After such a simplify 
procedures to states, 30 possible states are obtained and shown 
in table 1. 

C. Preference analysis 
For researcher, the selected strategies more than school or 

government requirements is better, in other words, On the 
basis of having more strategies, researcher prefers the 
university or government has less requirements. For the three 
strategies, according to the priority is as A B C� � . 

For university, the selected strategies less than researcher's 
strategies is better, in other words, On the basis of having less 
strategies, university prefers the researcher has more strategies. 
For the three strategies, according to the priority is as 
F D E� � . 

For government, it pays more attention to the social benefit 
of the scientific research achievements than the quality. So 
according to the priority, is as H G� . 

According to the parties' subjective desire and interest 
principle, we use decimal code indicating states in the conflict, 
the left is the most preferred, and the right is the least preferred. 
So the preferred vectors of player in the conflict is obtained and 
shown in table 2. 

D. Stability analysis 
For player i , consider the state q, there are four possible 

stabilities in the conflict model:  
1 Reasonable type ( r ): If there is no UI  for q q  is 

called the reasonable and stable state, recorded as r.  
2 Not stable ( u ): There are at least one  UI , and 

won’t be hindered by other participants’ reliable actions. 
3 Punishment type (s): If q exists UI state q� , and for 

other participants j ( )j i�  , q�  also exists UI state q�� , For 
player i , q��  doesn’t better than q, this is called a continuity 
punishment of q�  UI state q� . If for player i , all UI  states of 
state q have continuous punishment, and state q  is called as a 
continuity punishment stable state of the player i , recorded as 
s . 

4 The same time stable ( l ) Consider the non-
stability state q , if q  is also unstable for another player j , 
UI state ia  (for player i ) and jb  (for player j

 
) of the state 

q produce a state 0 i jp =(a +b -q)  ,for player i , p0 is not better 

than q , and this is called as state ia of q  existing a 
simultaneous punishment for  

TABLE I FEASIBLE SITUATION OF UNIVERSITY SCIENTIFIC RESEARCH ACHIEVEMENT EVALUATION SYSTEM CONFLICT MODEL 

Player Strategy Feasible situation 

1 
A 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
B 0 1 1 0 1 1 0 1 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
C 0 0 0 1 1 0 1 1 0 1 1 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

2 

D 1 1 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

E 0 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

F 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 
G 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
H 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

decimal 73 91 162 164 166 170 172 174 178 180 182 186 188 190 225 227 229 231 233 235 237 239 241 243 245 247 249 251 253 255 

TABLE II  PREFERRED VECTOR OF PLAYERS 

player Preferred vector 

1 255 231 239 247 229 237 253 245 91 251 235 243 227 182 166 190 174 73 233 225 249 241 178 162 186 170 164 172 180 188 

2 255 253 190 251 188 249 186 239 237 174 235 172 233 170 247 182 245 243 180 241 178 231 229 166 227 164 225 162 91 73 

3 255 253 190 251 239 247 188 249 186 231 237 174 235 245 182 243 91 227 172 233 170 229 180 241 178 166 164 225 162 73 
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TABLE III   STABILITY ANALYSIS TABLE 

player N N E N N N N N E N N N N N N E N E N N N N N N N N N N N N 

1 
a r r r r u u u s r u u u u r r r r r u u u u u u u u u u u u 
b 231 239 255 247 229 237 253 245 91 251 235 243 227 182 166 190 174 73 233 225 249 241 178 162 186 170 164 172 180 188 
c     231 239 255 247  255 239 247 231      235 229 255 247 182 166 190 174 166 174 182 190 

2 
a r r r r r r r u s u u s s s u s s u s u s u s s u s s s r r 
b 255 253 190 251 188 249 186 239 237 174 235 172 233 170 247 182 245 243 180 241 178 231 229 166 227 164 225 162 91 73 
c        255 253 190 251 188 249 186 255 190 253 251 188 249 186 255 253 190 251 188 249 186   

3 

a r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r 

b 255 253 190 251 239 247 188 249 186 231 237 174 235 245 182 243 91 227 172 233 170 229 180 241 178 166 164 225 162 73 

c                               

Here a represents policymakers stability, b represents the preferred vector of players ( suppliers ), c represents unilateral 
improvement.

 

player i  .If for player ,i  all UI states of q have the same time 
punishment, and state q is called as the same time punishing 
stable state for player i , recorded as l.  
For each player, if q belongs to ,r s  or u , and q is global 
stable state, recorded as E. Table 3 shows stability analysis for 
all states in table 2. 

E. Result analysis 
From Table 3, we can see this conflict model has four 

stable solutions. The situation 255 shows that considering the 
quality, quantity of scientific research and social benefits 
caused by the quality and quantity, government will take 
positive incentives for researchers and schools. When 
researchers, schools and government build evaluation system 
of university research achievements, this is the Pareto 
equilibrium solution established by three sides. The situation 
91 has the following meanings. When researchers, schools and 
government build evaluation system of university research
achievements, not considering social benefits, government 
only encouraging the quality of scientific research can 
promote researchers and schools considering scientific 
research to consider the quality of the scientific achievement 
and efficiency. The situation 190 shows that besides 
considering social benefits ,researchers and schools still need 
to consider the quantity of the scientific research without 
considering the quality of the scientific research. Currently the 
status of university research evaluation is the stable situation 
190. The equilibrium of the situation 73 shows only 
considering the quality of the scientific research, researchers, 
schools and government can reach the equilibrium.   
     From the above analysis, we know that the situation 255 is 
the Pareto of evaluation system of university scientific 
achievements, and the situation 190 mostly conforms the 

equilibrium status of university research evaluation. To make 
the conflict equilibrium situation of university research 
evaluation system turn the situation 91, 190 and 73 to the 
situation 255, scientific researchers, schools and government 
must constantly improve and perfectly develop the important 
role of the evaluation system in practice. 
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Abstract—The teaching mode is reformed for the 
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innovative talents. The teaching model is introduced into the 
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1. Introduction  
Teaching mode can be defined as: under the guidance of 

the certain teaching ideas and teaching theory, around the 
certain teaching goals, to finish the teaching task and set up 
relatively stable teaching activities of “paradigm”[1]. The 
students of ordinary higher school which basis is weaker 
than the students of research higher schools, so the 
ordinary higher schools in China carry out “teaching is 
primary, scientific research is subordinate” as the goal.The 
undergraduate talents training goal mainly locates in the 
training of the students' practice ability and innovation 
ability, the course settings and practice settings are 
corresponding adjusted, but also on the teachers' classroom 
teaching is puted forward new demands. 
 
2. Student Groups Hierarchy

In traditional teaching, classroom teaching progress 
often bases on the students which levels are moderate and 
difficultly consider the students which levels are good or 
poor. Nearly 20% of good students, classroom teaching can 
not meet their learning needs; and almost 20% of poor 
students can not understand, unable to complete their 
studies. 

For the three class students need teachers to different 
treatment: secondary students in accordance with the 
requirements of its normal teaching schedule master 
knowledge within the classroom; students with good 
foundation, encourage them to take part in various types of 
project declaration, such as innovation project, to enable 
students to master the project reporting, planning,  
construction in terms of the specialized knowledge and 
skills, and by doing all kinds of projects, so that its 
knowledge to learn in order to practice; students with poor 
foundation, encourage and guide them to take part in the 
various kinds of test of the occupation qualification 

certificate, to lay a good foundation for their future 
employment. 
 
3. Based on the Content  

For the basic teaching content here divides it into the 
digital calculation content and concept category content. 
For calculation digital content, in the theoretical deduction 
of the formula, due to operational symbol is abstract, not 
mathematics major students understand difficultly, so it is 
necessary to specific digital auxiliary derivation; for 
example explains, if only to show the slides 
courseware,some students can not catch knowledge much, 
some students can not understand, some students are 
feeling all understand, but their titles can do nothing.In 
view of this situation, teachers can make an example 
decomposed into several steps, let students base on the 
corresponding theoretical formula by each step of the 
operation, with every step, teacher write out the correct 
answer and explanation of the step at blackboard, and then 
students check their answers, which can timely understand 
the cause of the error in every step, and is corrected in time, 
such an example completed, students is very clear the 
solving process for this class of problem. 
 
4. Case Teaching  

Case teaching method is that teachers according to the 
teaching content and the teaching goal, through the 
creation of a case, case as the basic materials, organize the 
students to carry out research, analysis, expression and 
other activities, lets the student in the specific situation of 
positive thinking, active exploration, to cultivate the 
students' comprehensive quality of a teaching method[2]. 
On the textbook knowledge summary is the universal law, 
case teaching can make students with basic theories to 
explain the phenomenon, thereby shortening the distance 
between teaching context and teaching theory. Also due to 
the teaching and scientific research projects are closely 
linked, in case of, and research project to link in scientific 
research project, we will encounter some new problems, to 
these new problems and solve methods into classroom, can 
not only make up for the lack of textbooks, but also can 
arouse students' interest in learning, make students change 
from knowledge, memories into thinking training. 
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5. Practice Teaching  
Practice teaching is an important part of undergraduate 

teaching, which has application and supplementary role for 
the theory teaching contents, enables students to apply 
theoretical knowledge to practice, but also improves their 
thinking ability innovation ability and the ability to solve 
practical problems. In order to cultivate the innovative 
talents, school encourages to make the practice teaching 
into the curriculum. 

Practice content not only conform to the teaching 
content, but also closely connect with the society and the 
needs of industry, with the development of the society, 
which need to be constantly updated, so as to make 
students always pay attention to professional development 
and absorb new knowledge, according to science and 
technology development, which can increase the breadth 
and depth of their knowledge structure. In the past practice, 
the traditional teaching method is a topic, let all students 
do this one problem, so that the content limitations which 
the students can do is too small, sometimes a problem is 
not transformed in a few years, the contents is old. Along 
with the social needs constantly updated, practical teaching 
content and practical teaching methods need to be 
improved. In practice we can let each student a topic and 
also let the students self – subject. Through the teachers 
and students interacting, complete the course teaching 
practice. 

After determining the subject, teachers can help each 
group of students to solve the core problem and the 
difficulty. In this process, the emphasis should let students 
into a learning state, according to their level of knowledge 
and practice requirement, choose their own way, gradually 
get rid of teacher s ` help, achieve self control and self 
regulation in the practice process. 

Practice teaching should not only attach importance to 
teaching process, but also pay attention to the teaching 
effect. For learning in order to practice, curriculum design 
and various competitions can be linked, such as innovation 
competition, let students use the curriculum design to 
declare competition, after expert assessment the students 
can know their own level and have the foundation for 
graduation thesis. 
To sum up, the practice teaching process is as follows: 
The first step: student grouping, identify each theme in 
practice; 
The second step: determine the core content of practice; 
The third step: effective teaching practice; 
The fourth step: practice application: declare competition. 
 
6. Teaching Effect  

Teaching mode will directly affect the efficiency and 
effect of the teaching process, compared with the past 
teaching mode " explain-accept", the problem, heuristic, 
exploration, interactive of teaching mode can arouse the 

students' learning enthusiasm and initiative, which is 
conducive to the cultivation of students' innovative ability. 
In order to evaluate the teachers' teaching, each university 
has a teaching evaluation system for teachers, teaching 
quality and effect are evaluated, in order to promote the 
improvement of the teaching process and to improve 
teaching quality. Taking Shanghai Ocean University as an 
example, its teaching evaluation index and weight are as 
follows: 

Table.1 Shanghai Ocean University teaching evaluation
One level 

index score Two level index weight 

Teaching 
attitude  0.3 

teaching seriously, rigorous teaching style,  
pay attention to teach by precept and 
example, 
 can be a model for others,  
imparting knowledge and educating people 

0.10 

Take a variety of forms for answering 
questions  0.10 

Don`t stop class at random, class, 
class on time, mobile phone shutdown on 
class 

0.05 

Operation setting proper, correctly and 
timely feedback to solve problems seriously 0.05 

Teaching 
situation 

 
0.6 

Lectures have appeal and can attract the 
attention of students 0.05 

In the teaching process use  standard 
Mandarin, use standard Chinese characters 
in writing on the blackboard, teaching 
courseware, teaching materials, lecture 
notes, papers 

0.05 

Teaching skill, clear thinking, clear, 
focused, clear difficulties, not echo what the 
books say 

0.10 

About the content, a large amount of 
information 0.05 

On the issue, explain profound theories 
in simple language 0.10 

Pay attention to the continuity of the 
teaching content and update  knowledge, 
pay attention to communicate with the 
students, give the students thinking, Lenovo, 
innovation 

0.10 

The teacher according to the teaching 
contents use various teaching methods, 
effect is good 

0.05 

On the classroom teaching order 
management is effective, arouse the 
students' emotions, active classroom 
atmosphere 

0.05 

Teachers selecte  appropriate 
textbooks, provide extra reference, and 
timely give guidance for students learning  

0.05 

Teaching 
effect  0.1 

Through teachers' teaching, improve the 
interest of curriculum content, master basic 
theories and skills of the curriculum 

 

0.10 

 
In this paper, for the ordinary college undergraduate 

course the teaching mode is constantly explored in the 
process of teaching, summed up a few years continuously, 
and applied in the practical teaching, and achieved good 
results. The " operations research and systems engineering" 
course is used as an example, the teaching object is the 
industrial engineering students of Shanghai Ocean 

134 Copyright © 2012 SciRes.



University, the grade 2006 students are used the traditional 
teaching method, the grade 2009 students are used the new 
teaching method. The teachers' teaching evaluation for the 
two grades`students are as follows:  

Table.2 "Operations research and systems engineering"
teaching evaluation

Term: the second semester of 2007-2008 school yea r 
Speciality: 2006 Industrial Engineering 
The effective questionnaire number: 45 

Teaching attitude Teaching situation Teaching effect 
28.88 43.03 7.89 
Total score: 79.80 

Term: the second semester of 2010-2011 school year 
Speciality: 2009 Industrial Engineering 
The effective questionnaire number: 52 

Teaching attitude Teaching situation Teaching effect 
27.64 54.97 8.79 
Total score: 91.40 

From table.1 and table.2, we can see that the current 
teaching method is better than the traditional teaching 
method, the student evaluation score is high. 
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Abstract—The local institutions undertake the important 
task of talent for the local economic and social development. 
The conversion of graduates and staff roles are into the run-in 
period contradiction between supply and demand of finance 
professional .The fundamental reason is that the employment 
of capital accumulation is not in place. Therefore, the 
penetration of a set of employment of capital accumulation in 
the finance professional classroom teaching process 
orientation has become an urgent task of local talents 
cultivation.  
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1. Introduction  
Oriented problems on personnel training, domestic and 

foreign experts and scholars most focus on the needs of the 
community and the research also involved in employment or 
social needs, and it has been an extremely important reference 
for an exploration for personnel training oriented problem[1]. 
Current the biggest contradiction between supply and demand 
of finance professionals is that graduates to switch roles for the 
staff of "zero run" is not in place.The fundamental reason is 
that the employment of capital accumulation is not in place. 
Therefore, the penetration of a set of employment of capital 
accumulation orientation in the classroom teaching process has 
become an urgent task to local colleges for finance professional 
personnel training. 

2. Problem of Finance Professional 
Training Orientation of Local Institutions  

Currently local institutions which set up finance profession 
are based on Economic and Financial Institutions and 
comprehensive university. Some institutions in the finance 
professional teaching practice, the following personnel 
training-oriented problem should be solved. 

A. Emphasizing on the Application of Educational and 
Neglecting Applies to Education
The application of senior personnel is the targeting of most 

finance professionals . Personnel training practice tells us that 
Applied Talents is a useful attempt to mass higher education 
and the application of personnel for the economic and social 
development has made a significant contribution for over 
several years[2]. However, to ensure growth, stable prices, 
adjust the structure and switch the way of the new historical 
period, more and more financial institutions to show the desire 
of applicable talent, increasingly strong demand for the 
application of talent .This is the adaptive talent more with their 
talent and learn to use the combination of study and apply what 
they have learned .The local institutions still adhering to the 
concept of the application of personnel training. Of course, it is 
unable to meet the needs of the applicable personnel. 

B. Emphasizing on entrepreneurship and ignoring 
employment ability
With the finance professional in a strong proponent of 

innovation and entrepreneurship culture, some institutions open 
a certain percentage of innovation and entrepreneurship 
training programs, increase innovation and entrepreneurship 
theory courses such as "Venture Investment" credits and 
increase the practice of innovation and entrepreneurship sectors 
such as innovation and entrepreneurship training hours. The 
aim is to enable students to understand the entrepreneurial idea, 
be familiar with the entrepreneurial process and master the 
skills of entrepreneurship; however, this is nothing wrong. 
However, too much emphasizing on entrepreneurship and 
ignoring employability development and training, it is 
obviously not the law of education. Finance professional of 
local institutions are based on developing finance  talent to 
service local economic construction and neglect the talent 
needs of the local financial institutions, so even with the high 
level of the entrepreneurial ability can only be separated from 
the outside of the industry. Instead of committing to non-
professional personnel training and coming to reputation of 
chair warmer, it is committed to employment ability of this 
major and then get reputation of specialization. 
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C. Emphasizing on curricular training and ignoring the 
extra-curricular trainingy
Classroom teaching can not only enrich students financial 

literacy, but also improve the students theoretical knowledge. 
Some theoretical curriculum curricular training can help 
students understand and digest the knowledge points, can help 
students to deepen and enhance the perceptual knowledge and 
can help students to exercise and improve the operational 
capability[3]. Given the special nature of banking financial 
institutions, the student is difficult to contact with the banking 
business closely. Moreover, with the disappointments of people 
in investment and finance, the performance of non-bank 
financial institutions are not optimistic and the enthusiasm of 
the reception student internships also decline. In this context, 
some universities have gradually ignored the extra-curricular 
training. In fact, relying solely on curricular training, personnel 
training objectives for the achievement of qualified builders 
and reliable successors is not enough[4]. Then with a wealth of 
curricular analog operation without extra-curricular practical 
training, you will always be on paper, and it is likely that even 
the best theory is not proven in practice and can never be 
accepted. 

D. Emphasizing on theoretical education and ignoring the 
ideal of education
If the theoretical education is root, practical education is 

stem, applicable education is flower and ability education is 
fruit, then, the ideal education is lush soil ,a rich fertilizer, and 
warm sunshine and plenty of moisture. Rooted in such an 
environment, any seedlings will grow up , on the contrary, the 
lack of such an environment, even if the re-developed root 
system, its development will be inherent. Trees takes a hundred 
years. We often emphasize on theory of education, no matter 
how solid the foundation is , and once we leave the ideal 
education, trained people can not be called talent, let alone 
applied. It is worrying that some local institutions finance 
professional fall into a strange circle. They ignore education of 
ideal, belief and the view of world ,life, value and they form a 
closed school, scholasticism, eager for quick success and 
instant benefits and be constrained by the sight of talent 
training orientation. 

3. Design of Local Institutions Finance 
Professional Employment of Captital 
Accumulation Personnel Training 
Orientation  

Students of local institutions finance majors in addition to 
the completion of the normal academic qualification 
examination, passing the relevant sectors of society 
organizations become a habit. In this case, how to guide 
students to complete their studies, at the same time, design 
students employment of capital accumulation orientation, it 
becomes obligatory responsibility of professional and even 
schools. 

E. The fusion of class and certificate
On the one hand, as the main battlefield of expertise in 

education, the theoretical teaching, experimental teaching and 
practice teaching address accumulating knowledge and 
upgrading understanding and training capacity; on the other 
hand, as the main positions of the quality-oriented education, it 
can set up learning organization by professional, such as 
finance community , to carry out the professional training 
activities of the banking, insurance, securities, futures, funds, 
and other industry qualification examination, as well as foreign 
languages, computers and other level certificate examination 
training activities and then prompt the student to obtain the 
qualifications of practitioners of related industries as well as 
other types of rating certificate and accumulate employment of 
the capital of the technology. 

F. The combination of book and network
Course group guide with the question before class, explain 

knowledge in classroom, tutor and answer questions 
afterschool and so on to stimulate students' interest in reading 
and make textbooks to promote the students' content of 
professional quality; it can establish course website, upload 
teaching resources ,sharing information and other means to 
broaden communication channels between teachers and 
students and mobilize the enthusiasm of the students 'reading; 
people in a team can recommend extracurricular reading 
materials, summary of the classic case, organize teachers and 
students to discuss and other forms to improve the students' 
enthusiasm for reading, so that students like to study, read good 
books, accumulate of the employment of knowledge capital. 

G. The coupling of General Education and Professional 
Education
It can transmit studies foundation of module economics and 

the basic theory of finance , play aspects of the learning 
potential of students' general education and gradually master 
the basic theory to make basic theoretical knowledge "live"; it 
can penetrate through humanistic quality of the module ideal 
moral sentiment and "Three Views" ,tap the cognitive potential 
of students in the education sector and patiently cultivate 
inclusive quality to make personality growth mature; it can 
expand the required course of the professional core modules 
and elective theory and practice ,develop students' professional 
education aspects of the radiation potential, continuously 
improve the operation ability to combine theory and practice 
off the "real" and accumulate the capital of the quality of 
employment. 

H. The fit of Supply and demand  
Talent is a special commodity and it also exist the 

contradiction between supply and demand. The survey data 
show that the last two years seek to expand the enrollment 
scale of finance professional. Some independent institutions of 
each enrollment are up to more than 10 classes and even more 
than 400 people. These students after graduation, will 
undoubtedly increase the contradiction between supply and 
demand. How to resolve conflicts, in the context of today's 
talent oversupply is both difficult and urgent. Local institutions 
only play to the advantage of serving local economic 
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construction, finance professionals is only followed by the 
development situation in the financial industry and university 
students only grasp the pulse of financial sector development, 
in order to cultivate talents to meet industry needs, resolve the 
contradiction between supply and demand and accumulate 
employment professional capital. 

I. The combination of colleges and enterprises
As a useful attempt of combining production and learning, 

the combination between colleges and enterprises are not new. 
However, due to the past combination between the colleges and 
enterprises , it is constrained that schools set up practice base in 
the financial institutions, send students to practice in the base, 
and financial institutions train staff in schools, be employed by 
the school as visiting professor, etc., so that the vast space of 
the joint between colleges and enterprises has not been 
completely opened. Just because of these the strategic 
cooperation between the school and financial institutions can 
be possible. Schools can build professional together with 
financial institutions, employ experienced staff of financial 
institutions as a part-time teachers, send young teachers to the 
financial institutions for refresher training and other means, 
continue to provide students with fresh materials and hone 
opportunities, and accumulate employment ability of capital. 

4. Implementation of Local Institutions 
Finance Professional Employment of 
Capital Accumulation Personner 
Training Orientation  
J. Establishing the goal of external introduction and

internal training and continuously optimizing of the 
overall structure
First , appointing part-time teachers to enrich the team. 

Part-time teachers from the organs, institutions, financial 
institutions and other enterprises with politicians, practitioners, 
business experience, on the one hand, can express a different 
view of the hot issues of social development and exercise of 
dialectical thinking ability of the students and on other hand, 
can solve the problem of the unreasonable career structure of 
teachers. Second, encouraging teachers to further their studies . 
To develop and implement a series of incentive-service 
encourage teachers to continue to pursue a degree, participate 
in university teacher training and visiting and encourage the 
team members concerned about the new dynamics of financial 
sector development, improve the structure of the team's 
experience .Third, encouraging teachers to guide students to 
carry out scientific research. On the foundation of guiding 
students to carry out the work of experiment and innovate 
projects ,it can raise funds by various channels to establish a 
Finance Professional Student Research Fund, and finance 
college students research projects. 

K. Implementing the concept of stressing great importance to 
the performance and effect and accelerating the reform of 
classroom teaching
First, organizing teachers to reform teaching in the 

classroom. It should actively guide the teachers based on 
discipline construction, continuously introduce teaching reform 
achievements, make professional become provincial 
characteristics of professional, team become the provincial 
outstanding teaching team, the core curriculum become 
provincial quality courses, and get a higher goal. 
Second ,promoting teachers to improve classroom teaching. It 
can continue to improve teachers' teaching ability and 
professional competence by adjusting the training programs 
and curricula, and carrying out teaching seminars and 
exchanges, promoting teaching materials and system reform 
activities. Third ,setting up research awards system. According 
to personnel training objectives, it can encourage veteran 
teachers to develop teaching and scientific research, amply 
reward high level teaching and research, and research papers 
and major scientific research. 

L.  Carrying out the activities of the network evaluation and 
poll and focusing on improving the quality management 
system
First, organizing regular teaching quality assessment 

activities. On the basis of two teaching management system for 
the implementation of the colleges ,it can evaluate teaching 
quality and effectiveness by organizing students’ network 
evaluation, teachers’ site evaluation, as well as off-campus peer 
forum. Second,  promoting the institutionalization of teaching 
quality evaluation. It should strengthen the institutionalization 
of professional and make the professional more scientific so 
that it can effectively protect the quality of classroom teaching 
and practical teaching to enhance students' ability to practice. 
Third, improving the teaching quality management system. It 
should design evaluation by evaluating teaching methods, 
teaching effectiveness and teaching results to urge the group of 
ranked programs to speed up improvements, and continuously 
improve teaching quality management system. 

M. Building "virtual training to real practice" mechanisms, 
and actively building a practice teaching platform
First, constructing and improving simulation laboratory. It 

can introduce financial and investment simulation operation, 
commercial banking business, the modern insurance practices 
and such simulated teaching software to carry out the 
simulation of a single stocks, futures, foreign exchange, bank 
teller, business, insurance claims and other business operations. 
Second, expanding the practice teaching base. It should 
establish the set of banks, insurance companies, securities 
companies, futures companies, fund companies, trust 
companies and other organizations in one financial class 
practice teaching base and service awareness internship, 
production internship, graduation practice and other aspects of 
the practice of teaching tasks. Third, carrying out school-
enterprise exchange. It can establish the platform of the 
exchange of teachers and business management and technical 
personnel, continuously develop comprehensive ability, further 
improve the teachers' practical ability, and thus accumulate the 
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base of student's employment and enhance the employment 
ability of the students. 
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Abstract—This paper analyses the current situation of radar 
engineering teaching, through which it finds that each course 
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1. Introduction  
The development of information technology extends the 

means of information acquisition vastly. Owning to the 
advantages like strong timeliness in obtaining information, 
long detection distance, high measurement accuracy and 
flexible using, radar, as the traditional detection equipment, is 
still one of the important means in obtaining information. It is 
widely equipped in Ground platform, offshore platform, aerial 
platform and space platform, playing an irreplaceable role in 
civil and military digestions. Compared with traditional 
technology, modern radar is more complicated. A variety of 
new technologies like signal generation, propagation, reception, 
processing and display in one body are applied to the 
equipment and it is across multiple professional. So not only 
the need for Radar professional is large, but also it is 
heightened accordingly.  

In China, the policy of higher education is valuing 
foundation, widening caliber, high quality and seeking 
innovation. With the guidance of this policy, many colleges 
incorporate radar major into electrical engineering major. Big 
changes have taken place on the related teaching content of 
radar. The scope of knowledge has the tendency of expansion, 
and the courses between each field have much overlap and 
cross. And many problems appear in the teaching process can 
be expressed as follows: the knowledge is not systematic 
enough, the arrangement is not reasonable enough, 
implementing teaching is hard. So it is necessary to analyze 
and sort deeply. This article is based on information structure, 
focuses on how to detect, how to achieve and improve 
detection. Besides, we will discuss the filter and integration of 
the related teaching contents in Radar Theory and Radar 
System which are compulsory courses in radar major.  

2. Analysis of Current Teaching Status on 
Radar Major  

Radar, as complex electronic equipment, synthesized 
various technologies, its theory and system have always been 
important and difficult in teaching, mainly embodied in the 
following respects: firstly, radar involves a wide range of 
knowledge and complicated theory, so cross-reference and 
inter infiltration of all kinds of technologies are common, 
which makes it difficult in knowledge positioning. Secondly, 
there are many kinds of radar and classification method, the 
interface between all kinds of radar is not clear enough. In 
many cases, there are the relations of one to more and more to 
one between technology and devices which makes it hard in 
organizing the teaching content. Thirdly, the proportion of the 
soft knowledge like radar signal processing theory, computer 
procedures and hardware programming procedures is 
increasing day by day, new technology emerges, dramatic 
expanding scope of teaching in radar course and the 
contradiction between little study time and much content is 
more severe. Finally, the technology of radar needed is 
increasing year by year, the integrity and rationality of 
quondam teaching contents descend resulting from the 
updating and complementing in teaching contents. 
Implementing teaching is difficult.  

The most common organization method of radar teaching 
content has three types. One is divided by function, first build 
the basic concept of radar, as the main line to radar application 
classification or system, introduce all kinds of radar one by one, 
then decentralize related theory and technology to each chapter 
according to the order of the appearance Finally summarize the 
new technology and modern radar. The advantage of  this type 
is that it is close to the application, and the theory corresponds 
better to the devices, the disadvantage is that the explaining of 
theory is not systematic enough, parts of subsequent chapters 
rely too much on the previous contents For example, Radar 
and Detection[7][8] edited by Wang and Zhang is in such form. 
One type is based on typical equipment, launched in the order 
of extension (subsystem), in which principle and system are 
corresponded with the function of subsystem. The advantage of 
this type is the knowledge with strong relevance focuses on one 
single chapter, the learner can understand every subsystem 
more easily. But this type weakens the concept of system, 
limits the universality of technology, it is fit for the 
demonstrating of actual equipment, Radar Principle[3] edited 
by Cheng debao uses such form. The last type is 
straightforward, for example, Radar Handbook[1] and Radar 
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System Introduction[2] edited by the famous editor Merrill 
I.Skolnik, are based on important equipment and technique in 
radar and introducing them one by one. Each chapter are 
independent, self-contained, and is easy to expand. For the 
reason of oversize, the continuing relation between each 
chapter is not clear, so it’s generally used as a reference book, 
not fit for teaching. For the widely used Radar Principle[4][5][6] 
edited by Ding, the earlier version considered more on the 
teaching needs. For the fact that a lot of supplement has been 
added to the latest version, it is more difficult to organize the 
contents. Also, the text book has always been emphasizing 
chapter 2, chapter 3 and chapter 4 that are focused on 
technology. As a result of the above two factors, in the teaching 
practice it cannot show prominent emphasis and it’s difficult to 
grasp the overall situation. Overall, these types of organization 
methods have their own strengths, but with the limited study 
hours, there is still room for improvement in the teaching 
content organization to make students establish a complete 
radar system concept as well as understand the radar principles 
and techniques comprehensively. If analysis on the 
professional key knowledge of radar can be conducted, then 
filter and integrated to form a reasonable structure which 
refines the content to meet the needs of radar teaching system, 
we can lay a solid foundation for students to quickly grasp the 
radar expertise. 

3. Radar Professional Key Knowledge 
and Refining  
A. Integration idea and the main line of professional key

knowledge
Starting from the top-level course is an effective way to 

guarantee the systematization and integrality. Facing the vast 
and complex information, we can make use of the concept 
information architecture and interactive relationship to build a 
knowledge system. Considering the complexity of the radar 
equipment and radar technology, the relevance of the single 
main line of the contents of the organization can not meet the 
teaching needs. However, if too much main lines are used, the 
idea would not be clear and contrary to the basic principle of 
teaching:” clearly condition”. Therefore, finding the main lines 
and information architecture is the primary problem to solve in 
integrating knowledge.  

To summarize and refine the professional key knowledge of 
radar, we may wish to break the course boundaries between the 
existing radar theory and radar systems, thus re-examining the 
teaching content from the perspective of the learners. As for 
beginner, the first concern is what radar is, how radar intention 
expresses, which form the first main line to the axis of the basic 
principles of radar, namely how to detect. Next to be mastered 
is what means and technology we can use to achieve the 
function of radar, and what means to improve and expand its 
capability to detect. This forms the second main line of radar 
technology for the axis, namely the way to achieve and 
improve. If we firmly grasp these two main lines, we will pave 
the way for knowledge integration even for curriculum and 
carrying out teaching.  

B. The first main line: how to detect
The goal of this main line is to establish the basic concepts 

of radar, to grasp the basic principles of radar to obtain 
information, familiar with the workflow of the radar and a 
number of special radar. Mainly for beginner, from conceptual 
and functional point of view, the line makes the learner have a 
general and comprehensive understanding of the whole radar, 
and introduce the key technologies appropriately. Around these 
teaching objectives, the knowledge contained in the main line 
of the points classification and each classification is showed in 
Table . To expand as the main line around how to detect, this 
part can be called Radar Detection Principles.  

TABLE I. KNOWLEDGE CLASSIFICATION AND KNOWLEDGE CONTAINED IN 
EACH CLASSIFICATIONS IN THE FIRST MAIN LINE 

Serial 
number

Class of 
knowledge Key Knowledge

1 
Basic concept 
of radar 
system 

Typical Radar 
Basic Parts of a Radar
Frequency Radar Used 
Applications of radar 
Development of radar 

2 Detection 
basic of radar 

Basic form of spot target and radar 
equation in free space 
Radar cross section(RCS) 
The influence of environment to 
electric wave spread 
Noise in radar system 

3 
Measurement 
of the angular 
direction 

Radar antenna pattern 
Machanical scanning 
Electronic scanning 
Taper scanning 
Monopulse radar 
Ambiguities 

4 
Measurement 
of  the target 
range 

Continuous wave radar 
Pulse radar 
Range ambiguities 
Range tracking 

5 
Moving 
target 
detection 

Doppler 
MTI and AMTI 
Moving target detector 
Clutter problem 
Pulse doppler radar 

6 Radar signal 
theory 

Radar waveform 
Radar Ambiguity Function 
Measurement accuracy 
Pulse compression 

7 Special radar 

Secondary radar 
Bistatic(multistatic) radar 
SAR 
OTHR 
Passive radar 

8 Experiments 

The influence of scan to radar picture 
Experiment of solving range ambiguity 
Digital cancellation 
Moving target detector 
Radio frequency, intermediate 
frequency and video frequency 
Ambiguity plan 
Signal detection 
Radar clutter 

C. The second main line: how to realize and improve 
detection
The goal of this main line is to master modern radar 

detection mainstream technology (excluding radar antennas, 
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radio wave propagation, which is separate content), typical 
radar system and key technologies, mainly for personnel who 
has already absorbed some basic knowledge of radar and needs 
to study in depth. It is impossible to take everything into 
account because the knowledge of radar professionally is very 
heterogeneous. In teaching, we try to closely link to the signal 
flow in the content organization, typically balance content 
selection that is to highlight the representation of the various 
types of content, also strive to talk about deeply and thoroughly 
on the key issues, so that students can learn by analogy, to 
achieve the effects of points to surface. Around the teaching 
objectives, the knowledge contained in the main line of the 
points classification and each classification is illustrated in 
Table . This part of the content can be called Radar 
Technology and System. 

TABLE II. KNOWLEDGE CLASSIFICATION AND KNOWLEDGE CONTAINED IN 
EACH CLASSIFICATION IN THE SECOND MAIN LINE 

Serial 
number

Class of 
knowledge Key knowledge

1 Radar 
transmitters 

Radar transmitter structure 
Vacuum tube transmitter 
Solid-state transmitter 
Stabilization degree requirement and 
frequency spectrum control of transmitter 
Pulse modulator 
Transmitter power 

2 Radar 
receivers 

Receiver structure 
Basic theory of receiver 
Frequency source 
Frequency conversion and cross 
modulation suppression 
Radio frequency front end 
Great dynamic range and plus control 

3 Radar signal 
processing 

Radar signal detection 
Matching filter 
Detector 
Pulse accumulation 
Constant false alarm rate(CFAR) 
technology 

4 
Radar data 
processing 
and tracking 

Composition of data processing system 
Plot data formation and processing 
Track processing 
Target identification 
Picture processing in radar 
Tracking while scan(TWS) and 
monopulse 

5 
Radar 
display 
technology 

The grating type display technology 
Grating display technology 
Coordinate transform and video frequency 
filter 

6 

Typical radar 
system and 
key 
technology 

Phased array radar technology 
Radar imaging technology 
OTHR 
Bistatic (multistatic) radar technology 
Secondary radar 
LPI radar 
Passive radar technology 
Radar anti-interference technology 
Civil radar 
Radar structure and craft 
Radar equipment development around the 
word 

7 Experiments 

Radio frequency, intermediate frequency 
and video frequency 
Ambiguity function 
Radar signal detection 
Detector designing 

Pulse accumulation 
CFAR 
Signal processing synthesis experience 
Linear frequency modulation and 
compression 
Phase coding signal and compression 
Data processing 
Array antenna and phase control 
Radar interfere and anti-interfere 

Because the technology is closely related to the device, the 
knowledge points of the second main line uses extension 
(subsystem) as the main classification basis. The radar display 
technology and device have been gradually rasterized and 
standardized, so we should reduce the proportion of knowledge 
in the second main line. Typical radar system and key 
technologies reflect the detection capabilities, and introduce the 
characteristics of new technologies. If the space is too large, it 
can be divided into several sections.  

4. Conclusion  
Radar is such a sophisticated system that it is very difficult 

to make students understand all technologies in school, based 
on analyzing content organization method in existence and 
integrating radar specialty key knowledge. we complete 
content organization according to “information framework” of 
“how to conduct detection” and “how to achieve and improve 
detection”. This way is clear in ideas and interface, convenient 
for implements and easy to extend. It can be content with the 
radar specialty didactical requirement which proved by practice. 
Of course, it is necessary to scheme proper experimentation for 
deepening understanding. 
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Abstract—Embedded System is a course which has a close 
relationship with the embedded operating systems, embedded 
software course and hardware for Electronic Information 
Engineering Specialty. We reform subject “Embedded 
System” with the rapid development of Internet of Things 
around the 32-bit ARM processor and Linux operating 
systems, combined with the embedded industry and  analysis 
of personnel training requirement. Practice has proved that we 
can obtain a significant effect by a variety of ways practice 
teaching methods such as formation of interest groups, the use 
of race to promote education, race and promote, to point to an 
area of practice teaching model, learning by doing. 
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1. Introduction  
Since 1990s, under the traction of the huge demand for 

distributed control, flexible manufacturing, digital 
communications and digital home appliances, the embedded 
systems hardware and software technologies accelerate the 
development of further expansion of application fields. Mobile 
phones, digital cameras, VCD, digital televisions, routers, are 
embedded systems. The most luxury sedans each with about 50 
embedded microprocessors. About 1000 microprocessors 
assembled in the latest Boeing 777 wide-body airliner. Tens to 
hundreds of embedded system for you at home can be found in 
the near future. The development of IoT requires huge mass of 
microprocessor [1,2]. Powerful, highly integrated, a wide range 
of inexpensive, low-power 32-bit chips have been widely used 
in a variety of military and civilian equipment. 

2. The Requirement Analysis of 
Embedded Systems Industry  

At present, the embedded system has been widely used in 
consumer electronics, communications, automotive, defense, 
aerospace, industrial control, instrumentation, office 
automation and other fields. Embedded System has brought 
more than $ 1 trillion [3] for industrial output value. 

A. The basic requirements of embedded systems on the 
human capacity  
Embedded systems application developers in the future 

work have to face a wide variety of development tools, all 
kinds of RTOS performance mixed a variety of unique 
application requirements [4]. When developers face any specific 
application requirements, select the right platform from the 
existing products to cater for the final application and how to 
plan, design, and divide the hardware and software to shorten 
product development cycle and improve product reliability, 
how to integrate existing technologies and effective 
cooperation with other collaborative units, is the highest 
requirements of embedded systems developers. 

The basic requirement is skill C or C + + language and Java, 
assembly language programming for embedded application 
developers [5]. To deal with hardware, assembly language and 
C language should be mastered by programmers of embedded 
systems. Java is generally used to write applications. Java is 
cross-platform and easy to transplant which characteristics 
demonstrated unparalleled advantages in embedded 
applications. 

B. Classification requirements of the personnel
Based on the embedded system personnel training, 

personnel can be divided into the following categories: 

1) System integration and design staff
Such people must be familiar with the various RTOS 

and associated tools, and have deep research on the 
hardware, operating system and application software design. 
They should participate and presided over product 
development, who are familiar with the development 
process, skilled use of debugging tools with solving the 
debugging more experience. The basic requirement is a 
strong foundation of professional knowledge and clear 
thinking to solve problems. 

2) Driver writers
Write device drivers, embedded software engineers 

will consume a lot of time. Because the embedded system 
is a tailor-made system, the application may be faced with a 
different hardware environment, needs the different 
configuration what leads to the applied difference. You 
need to write the appropriate driver when the system to add 
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a device, so the workload is relatively huge. In the process 
of the development process, some companies do not assign 
dedicated driver programmer, but appeal to do related work 
by the company offering RTOS, its benefits are written 
procedures more professional and better co-ordination with 
the operating system, but this also takes a lot of money 
costs. In desktop applications, application software 
programmers do not need this type of programmer, because 
the equipment used are mostly standard equipment and the 
equipment for writing drivers is less because of that the 
driver have been provided by the manufacturer. The device 
driver is a special class of programs which is hardware-
oriented. Programming methods also has its own 
characteristics and requirements, but also for programmers 
should be familiar with the hardware devices. 

3) Application writers
They write applications in the embedded system 

development platform. Access to relate equipment has also 
been implemented by the device driver because of hardware 
layer has been managed by the embedded operating system. 
Application programmers only need to be familiar with the API 
functions provided by provided by the operating system and 
drivers by which can control and use the related hardware, and 
programming in the desktop system is no more different. The 
main difference lies in the future code debugging. We nurture 
talent in this area, requiring the application requirements of 
different industries to the preparation of related application 
software. 

3. Status Quo of Nurturing the Talent of 
the Embedded System  

Defined by the IEEE (The Institute of Electrical and 
Electronic Engineers), embedded system is devices used to 
control, monitor or assist the operation of equipment, 
machinery or plants. At present, a widely recognized definition 
is: Application-centric, based on computer technology, 
software and hardware can be cut to meet the stringent 
requirements of application functionality, reliability, cost, size, 
power consumption dedicated computer system. Embedded 
systems are generally composed by four parts of the embedded 
microprocessor, hardware peripherals, embedded operating 
system and user applications, roughly divided into hardware 
and software. Complete curriculum system of "embedded 
systems" should also contain an embedded processor, the 
processor interface design, embedded operating systems, 
application design, and software and hardware are closely 
related to guide program design. 

C. Analysis in offered courses
The partial focus of the course in domestic colleges and 

universities is slightly different, divided into full-and focused 
type according to the professional background of the students. 

Course modular of Nanjing University Software College set 
of three modules: embedded hardware platforms 
(microprocessors, memory, I / O, ARM and XScale-command 
system and the system structure), embedded operating system 
(the characteristics of process scheduling storage management, 
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/ OS, Linux, WinCE, etc.). Department of Computer Science of 
Tsinghua University divides the curriculum into five parts: an 
overview of embedded systems, hardware environment, 
software environment, development tools and debugging 
techniques for embedded applications. Two school curriculums 
can be seen as a comprehensive type. The holistic curriculum 
requires the students be familiar with the principles of 
operating system, but also to have some knowledge of the 
processor interface, and a higher demand for teachers. 
However, in the view of embedded system courses afford 
mostly for electronic information and computer science 
students, relatively few comprehensive education. Limiting 
course hours, more comprehensive understanding at the same 
time, they take the form of a slightly focused. 

"Embedded systems" courses in School of Software and 
Microelectronics of Beijing Univers  include: embedded 
operating systems, embedded systems design, embedded 
software development, this is the type of a focus on software 
development. More schools adopt a focus on embedded 
processor to carry out teaching, such as the Chengdu Institute 
of Information Engineering, Sichuan University, School of 
Electronic Information, and Tongji University, Computer 
Science and Technology. 

Where the School of Electronics and Information students 
have a good hardware development background and have solid 
C programming language based, but relatively unknown 
operating system, so the curriculum to avoid the principle of 
the embedded operating system. The definition of an embedded 
system, which also determines the embedded systems courses 
also application-oriented curriculum development mode. The 
embedded systems course content includes four major 
components of the embedded hardware, embedded software 
platform, embedded development tools and embedded 
application development, content organization and selection 
can not only demonstrate to the students the whole picture of 
the embedded technology and unique knowledge, and other 
professional courses complement each other, to avoid duplicate 
content. In addition to imparting knowledge, this course has 
special emphasis on training and individualized, the ability of 
students to practice in the course on the experimental aspects of 
the design contains more than the basic experiment, and 
optional big experiment, so that students in one semester full 
contact with the actual system hardware and application 
software code to overcome the current professional personnel 
training the application of the "principle of light" the 
outstanding problems, dig out the students courage to the 
potential for hands-on practice; This course is also 
individualized educational philosophy as a guide, students can 
choose from the creative big experiment a most interesting 
experiment, give full play to the wisdom and talents of all 
students, so students can get exercise and harvest. 

D. The special requirements of embedded systems personnel 
training
The field of embedded systems is very large, it needs 

knowledge not only contains the microprocessor, computer 
architecture, micro-computer theory, computer interface 
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technology, circuit and electronics technology, integrated 
circuit technology, operating systems and RTOS, digital signal 
processing and human-type intelligent, firmware, and 
middleware design and integration of sensor technology is also 
included in the application, data acquisition, detection, control 
technology and network programming and other related 
professional knowledge. 

1) Embedded systems both software and hardware
Research and development of embedded systems requires 

not only investment in software talents, but also need the 
hardware platform to achieve its function. This requires that the 
software talents have a certain hardware background, even 
more than the operating system's own research and 
development background of the hardware. From the current 
status of the domestic point of view, the real thinker and 
programming but also understands the hardware really is rare . 
Some engineers active in this industry use 8-bit microcontroller 
a dozen years ago, but the knowledge of these engineers have 
also been aging, 32-bit microcontrollers for them or a new 
topic. At present, the application stuff of embedded systems is 
very scarce, and many embedded systems are also aware of this 
problem is restricting the development of the company are 
actively looking for such talent. 

2) Requirements of embedded systems course teachers
Embedded systems R & D personnel need not only 

understands programming but also understands the hardware 
and corresponding software and hardware combination of 
teachers needs. Curriculum for students of information 
engineering should be partial to hardware-oriented system and 
teachers also need to have some basis of the operating system, 
at least have engaged in the development of complete 
embedded systems. Otherwise, techers do not quite understand 
the process of embedded development tools how the students 
play the role of teaching doubts. 

3) The special requirements of embedded systems 
laboratory building

Desktop development in embedded systems development 
process is much more difficult, although the code generation 
process is not very different, but debugging there night and day 
points. Embedded systems programming is completed in the 
host, but the code running on the target platform. Download 
from the host after the completion of the program compiled and 
linked to the target platform to run on and debugging of the 
code must be by virtue of a variety of different tools and 
equipment to complete. Code debugging of embedded systems 
will account for most of the time of the entire development task, 
so a good development tools have a huge impact on students’ 
learning. n the laboratory building, enterprise-level debugging 
and development platform should be established so that the 
students are still on the job to be able to use out of the school 
development tools and development platforms after school. 

4. A Discussion on the Teaching Method  
The embedded system consists of computer software and 

hardware technology, communications technology and 
semiconductor microelectronics technology constitute and the
corresponding computer directly embedded into the application 

system for the practical application of system requirements. 
Embedded system design requires designers with strong 
theoretical knowledge and practical ability, comprehensive 
ability of the designer, especially the innovative ability of the 
test. "Embedded systems" course is an extension of the ability 
of basic courses and specialized courses for undergraduate 
before three years. Embedded system is involved in a wide 
range of knowledge in particular. The more study, the more 
enigmatic students feel. In the traditional teaching mode that 
talk about the concept of that principle, you must have a wide 
range of expertise, especially need to know a lot of hardware 
and software knowledge to learning, and students mistakenly 
think that embedded is an advanced course unattainable. 
Embedded systems cover a wide range of knowledge points. 
The pre-course requirements relatively higher, the practice 
teaching is an excellent carrier, which can improve the ability 
of the students' comprehensive application of knowledge and 
practical ability. Teachers can carry out the engineering 
practice project to increase the interest of student learning 
embedded systems, develop students' practical ability. Schools 
organize students to participate in the contest can enrich the 
campus academic atmosphere and develop students' ability to 
innovate and team spirit. School-enterprise cooperation," make 
the students learn more "targeted". Such three-dimensional 
practical teaching system trains talents to meet the needs of 
society, to enhance students' employability and 
competitiveness. 

4) The formation of interest groups, to guide students to 
participate in the project of engineering practice

This paper proposed the new mode of practice teaching that 
teacher guidance, students' participation in the project of 
engineering practice which emblazes the students' enthusiasm.
Embedded system itself is a relatively comprehensive 
curriculum which requires a higher level of student software, 
hardware and hands-on ability. The students generally agreed 
that this course is difficult, so to change the concept of student 
learning to mobilize their learning enthusiasm to make it active 
learning. Interest groups play an important role in personality 
growth of students with that classroom teaching can not be 
achieved or can not be well reflected in the role of the effect. 
Use of good quality teaching staff. The creation of interest 
groups, the school must take advantage of a good school 
teachers of teachers to promote personality development of 
students, teacher personality. Observe, analyze, and take 
advantage of good student's personality will enable students to 
get healthy and effective development in the creation of interest 
groups. Schools make external personnel as teachers of the 
interest groups and make good use of social advantage, open 
the world of the second class.

5) Study and practice a new model "Race to promote 
education, in order to point to race and promote learning,"of 
teaching 

"Embedded system" is a new course in recent years, 
emerging, domestic and foreign university in the embedded 
teaching is already in full swing. Ministry of Education 
attaches great importance to college students in theory courses 
in embedded systems and practice, especially in the National 
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Undergraduate Electronic Design Contest set Embedded 
Systems Project Invitational, and the strong support of the Intel 
Corporation, the National Development and Reform 
Commission also attaches great importance to teaching and 
training in embedded systems, and Microsoft Research Asia, 
jointly launched the "national Development and Reform 
Commission - Microsoft embedded system teaching package" 
program. In the international arena, some internationally 
renowned organizations, such as IEEE, Intel, Microsoft, are 
also introduced and embedded systems-related university 
programs and competitions. In accordance with the 
requirements of the nationwide embedded competition, they 
project development training. With new teaching models in the 
"religion, race and promote the game to promote learning, in 
order to point", they organize competitions and development of 
engineering practice projects. The basic purpose of the contest 
is to promote teaching. Requiring students to master basic 
textbook knowledge can turn the knowledge into practice. 

The new teaching mode “race to promote education, race 
promote learning, in order to point” can give students enough 
space to develop their independent thinking, the ability to 
resolve and solidarity. 

6) “Learning by doing”
“Learning by doing”[6]is first proposed by the U.S. Carnegie 

Mellon University, aiming to strengthen the engineering 
student practical ability and engineering literacy teaching mode. 
Learning by doing, the name suggests, is to enable students in 
the process of "doing" in their own hands-on experience, 
through their own knowledge acquisition, inductive and 
summary, to achieve the purpose of "learning" which is the 
biggest difference between the students' class attendance and 
the traditional classroom the teacher teaching. Advanced 
teaching concepts "Learning by doing" is introduced into the 
teaching embedded courses in traditional endorsement of 
teaching model for comprehensive reform and bold practice. 
Courses take a real embedded project development process and 
methods as the main line, "Project-driven, Case-oriented”[7] 
model as heuristic teaching. In this way, students not only to 
deepen the understanding of embedded concepts and principles 
of the original stay on the books, but in the end be able to 
complete a full, or even creative embedded software works. 
This makes embedded truly become a student tangible real 
lively courses. 

5. Conclusion  
Teaching of embedded systems reflects a basic, 

comprehensive and practical characteristics and it is a 
combination of theory and practice of courses. There is no 
unified teaching system and norms because of domestic 
colleges and universities embedded system education courses 
in the initial stage of the newly opened and short multi-content 
class. Most teachers still follow the traditional teaching model 
that first on the theory class, and after the experiment 
instructions to experiment. Many areas of teaching need to be 
further research to explore and practice test. 
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Abstract—Aiming at the existing problems on professional 
talent training mode of bio-engineering in China ,with the 
guidance of scientific concept of development ,combining 
with the development status and trends, talent training 
objectives and mode of bio-engineering industry in China, 
basing upon the district of Binhai new area, This paper 
introduces the useful explorations on professional bio-
engineering talent training mode of College of 
Biotechnology in Tianjin University of Science & Technology. 

Keywords-biological engineering; talent training 
mode;practical ability 

1. Introduction  
The contents of bio- engineering is taking advantage of the 

combination of biological system, applied biology, chemistry 
and engineering technology, transforming and designing the 
biological structure and function according to the human need, 
in order to provide technologies of various of product for 
human need on the method of more economical, more efficient 
and a large scale. It’s the key technology of 
biological technological 
achievements towards the industrialization. Review 
of China’s bio-engineering professional education in 10 years, 
it should be recognized that the rapid development of bio-
engineering industry, surge in demand 
for professionals in biological engineering. So talent training 
of biological engineering should be moderate in advance to 
ensure that the talent supply from source, but also pay attention 
to an appropriate scale, should not over supply. At the present, 
there are universal problems of biological engineering 
students as bad beginning ability and lack of innovation 
ideology, so our college proposed the talent training ideas as 
"enhance practice, value innovation, and develop personality". 
It is aiming at training the senior talent of engineering and 
technical who has good problem solving ability, strong creative 
consciousness, and high scientific literacy. Because of the 
features of strong engineering application of biological 
engineering, it requires students to not only grasp basic 
theory of biology, but also to accept 
strictly practical training, to enhance and ensure the teaching 
quality.  

2. Formulate the Training Targets  
Biological engineering is an important part of high-tech -

 biotech which our focus on the development of high and new 
technologies in China. This profession is the system which 
produce the materials that human need or applied to industrial 
production through  special features of modern 
engineering techniques and use of biological (microbial and 
plant and animal cells). It developed with the combination 
of traditional fermentation and modern genetic engineering, 
cell engineering technology. The experimental 
area is located in the core area of Tianjin Binhai New 
Area, giving full play to regional advantages of Binhai New 
Area and seizing the opportunity. This experimental area which 
is based on the Binhai New Area serviced the Bohai Ring and 
radiated effect in Northwest, Northeast, and North China 
aiming at training high-level engineering and technical talent 
who has good problem solving ability, strong creative 
consciousness, and high scientific literacy in the field of 
production and technology management, quality 
control, product development, scientific research and 
engineering design. Enable students to have a solid 
foundation of knowledge, true judgment and ability 
to solve practical problems. These students should also have 
good communication skills, a spirit of cooperation and 
some commercial and administrative leadership. What’s more, 
they should be the innovative talent who have lifelong learning 
skills and habits, be able to adapt and capable of the 
changing occupational requirements. 

3. Adjustment and Reform of Training    
Program  
A. Adjust the curriculum system and widen specialty ranges 

According to the development tendency of  biological 
engineering, the traditional characteristics of our school and 
market requirements of bio-engineering talent, we aim to 
enhance general education, strengthen the foundation, widen 
specialty range of the students, and improve students' creative 
potential, adaptability and flexibility of employment. We aim 
to train innovative biological engineering talent who have solid 
foundation in the professional fields of biotechnology and 
engineering, bio-pharmaceutical engineering, food science and 
engineering, environmental engineering, marine science, and 
many other engineering disciplines by means of enhance 
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students' professional basis engineering foundation and 
basic skills training. 

Due to the adjustment of original curriculum system from 
microbial system based system to the entire biological 
systems, including enzymes, animal cells and plant cells, we 
added basic biology, cell engineering courses. On the basis of 
original major, we appropriately 
added the upstream technologies (such as molecular biology, 
genetic engineering and other courses)and 
downstream processing (such as 
bioseparation engineering courses).  

Establishing and improving the engineering training system 
which consists of curriculum design of principles of chemical 
engineering and bio-engineering, biological engineering 
equipment and bio-factory design, we aim to 
strengthen students’ engineering design capabilities. We added 
biological analysis experimental into biotechnology experiment 
and combined with raw materials 
testing, process testing, product testing and bio-
technology experiment. It’s only enhanced the practical 
effect of the experiment, but also exercise the students' 
experimental operation capability, as well as the ability of 
analyze and solve problems. According to the needs of the 
society, we will further enhance the professional direction, and 
students' interest as well as professional specifics to enable 
students to adapt to market requirements on the basis of 
strengthens basic education. 

B. Improving the practice teaching and strengthening project 
ability training

"Practice is the foundation of engineering" has 
become the consensus of the international higher engineering 
education, coupled with the development of China's economic 
requires a lot of high-quality innovative engineering and 
technical talent of bio-engineering specialty, so we should keep 
pace with the times and changing concepts which aim to 
raise high-quality engineering and technical talent with a 
strong sense of innovation. We will also establish innovative 
bio-engineering teaching idea that" practical teaching is 
as important as and theory teaching" and “practice is the 
foundation of engineering professionals”. We will correct 
understand the role of practical teaching 
on the training of innovative talent and fully affirm 
the significant of practical teaching in bio-engineering 
undergraduate education, so the reform and development of 
biological engineering practical teaching should be promoted. 

Practical teaching system which consists of the course 
experiment, internship, curriculum design, large professional 
experiment and graduation practice will be further 
improved. The practical teaching mode will also be changed 
from unit operational experiments to 
professional comprehensive test and finally to pilot-
scale continuous production, from single equipment design 
to complex system design.  

Basic experimental skills training of course experiment 
should be strengthened, increase the proportion of design and 
comprehensive experiments, give full play 
to the initiative of students, and change the assessment methods 
and the writing mode of experimental report. Furthermore, 
the importance of problem analysis and result discussion 
should be emphasized, students’ creative thinking, innovation 

ability and the ability of analyze and solve problems should be 
developed. 

In order to raise the quality of practice, we 
will extend the practice time from one week to two weeks. In 
the first week teachers will introduce the information of large 
biological discipline for third grade students by the help of 
electronic equipments. Then in the second week the students 
will be taken to the factory to get familiar with  
the production processes, so that students will have a deep 
understanding of the process, equipment, operation and 
management. It will also provide them a reference of 
professional direction for the next step. It is required that 
students in the process of practice in the factory collect basic 
data as much as possible  under the case of factory’s approval 
in order to lay a foundation for future professional course 
design. 

The practical applicability of curriculum design should be 
strengthened. The subject of professional curriculum 
design and basic data (biological engineering equipment and 
biological plant design) mainly come from production line of 
the factories, so it has a strong practical applicability and 
comparability of design results. It will also be able to stimulate 
students’ enthusiasm for learning. 

We combined the original experimental 
teaching courses into the large bio-engineering experiments 
which will perform for 3 weeks in the 7th semester. 
Students are divided into several groups and assigned to 
the laboratories of every college. The laboratories of every 
college will use their own advantages to create the 
professional test derived from scientific research. The unit 
operational experiments including biological analysis, bio-
reaction engineering principles and bioseparations engineering 
will be merged into large process experiment. The students not 
only obtained basic operational training of bio-engineering and 
improved the practical abilities, but also enhanced the ability 
of problem finding and problem solving. 
The period of graduation should be emphasized. The key 
of graduate design and thesis is to standardize the topic, so the 
regulation of “one person, one question” should be strictly 
performed. The topic should be chosen close connected with 
the training objectives which need to combine with the 
theoretical and professional knowledge, so it requires students 
to complete the design and thesis independently under the 
guidance of teachers. 

C. Propel the establishment of personalized talent training 
mode

In order to meet students' individual development 
requirements and perform "Individualized" teaching 
concept  , we established individualized talents training mode 
which including  professional direction selection, current trends 
introduction of professional field, innovative experiment 
open system and entrepreneurial training.  

The first level: On the basis of strengthen the basic 
education, we established different major fields on bio-
engineering for the senior students after finishing public 
elementary courses, especially the fourth grade 
students, according to the students' interest and the social 
demand direction of talent. Thus students can choose 
different major direction according to their personal actual 
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situation and interest under the guidance of professors. We aim 
to determine the students' individual training objectives and set 
up training plans which varies from person to person. We will 
also highlight the specialty on talent training in order to 
cultivate talent with applied competence for the society. 

The second level: We established multi-
disciplinary development forefront elective courses in order to 
introduce the latest technology 
developments domestic and abroad, let the students know 
the forefront theory of bio-engineering, teach production 
processes of variety of main products in bio-engineering and 
the latest technology and development prospects. It also 
requested students to write special report of bio-engineering 
development according to their interests. 

The third level: We 
established the innovative experiments. In order to develop 
students' practical ability and scientific literacy, we allocate 
some students into different laboratories by following the two-
way choice principle in the third year of students, so that they 
can use spare time for research projects. The subject source can 
become the part of research project. Or the student 
teams can put forward a proposal, and then turn to 
laboratory work after the recognition of the professors. 

The fourth level: the entrepreneurial training course for 
students is on the basis of the internal training base. Under the 
guidance of professors, the students’ entrepreneurial 
team, taking training base as the platform, simulates 
the enterprises of production and operation management in a 
certain time. 

D. Strengthen the construction of internal and external 
students’ training base and enhance the social service 
function
The internal training base which consists of 500L anaerobic 

fermentation system and 500L Anaerobic fermentation system 
has the advantages of anytime, convenience and efficiency.  
The internal training base is open to the students and public. 
The technology testing and technology innovation activities 
made by students and companies should be allowed and 
supported. The internal training base is on the basis of 
typical biological products. The students gain practice and 
training through participated in research 
projects, pilot experiments and production process. Thus the 
internal training base will become the platform of practice 
teaching, as well as the platform of   new products, new 
technology and scientific research in order to serve the society. 
On the other hand, we will establish the long-term cooperation 
with enterprises and found stable external training bases. The 
cooperation can be varied, such as the school can help 
enterprises to solve some problems in the production 
process, develop new products, train the required talents 
and open the laboratories. Otherwise, the enterprises, can offer 
internships for students, as well as it can be and the test base 
pilot of new product development for the school. Through the 
way of combination with production, teaching and research, the 
school can provide technical services for enterprises, so that 
students can learn the typical biological production process 
from the advanced domestic enterprises. Moreover, the 
students will gain comprehensive upgrade on   
knowledge structure and practical ability. 

Giving full play to the function of both internal and 
external training bases, it not only could solve the problems of 
training bases, but also have great significance in 
promoting the combination of teaching and scientific research, 
as well as the rapid transformation of scientific 
research products. 

3. Conclusion  
According to the training 

objectives of the engineering talent, the training of bio-
engineering talent should embody the principle of coordinated 
development among knowledge, capacity, and quality. 
Appropriate knowledge system should be established, so that 
the quality education of practical skills and engineering 
capabilities will be performed. And design and construction of 
knowledge structure should be strengthened, so that 
each knowledge module constitutes an appropriate 
training system. The teaching concept of “practical teaching is 
as important as and theory teaching" and “practice is the 
foundation of engineering professionals” should be 
established.  And we also focus on basic theory, 
engineering knowledge and experimental teaching, so that 
students’ capabilities of   strong analyzing and 
solving engineering problems will be boosted. The adjustments 
of curriculum system should combine with the 
characteristics of regional economic development and under 
the guidance of social needs on training mode reform.  On the 
occasion of large biological disciplines, the culture caliber 
should be broadened, so that innovative talent training mode 
which including people-oriented, 
individualized, flexible design of curriculum system and 
personalized learning will be established. Practical teaching 
system which consists of the course experiment, internship, 
curriculum design, large professional 
experiment and graduation practice will be further 
improved. The practical teaching mode will also be changed 
from unit operational experiments to 
professional comprehensive test and finally to pilot-
scale continuous production, from single equipment design 
to complex system design. The combination between teaching 
and scientific research should be promoted in order to achieve 
the goal of scientific research assist teaching. 
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Abstract—Teaching and Education (T&E) constitute the 
most important activity in knowledge transfer from generation 
to generation. This can explain why government organizations 
consider the training of highly qualified personnel as one of 
the most important criteria in the selection of research and 
development (R&D) grant applications. A university professor 
should thus not only play the role of researcher, but also that 
of teacher. T&E and R&D combine to form an inseparable 
relationship for university professors. By shooting for 
excellence in T&E, we could get a new perception of a 
familiar field or initiate a brand new field altogether, which 
would in turn enhance our research. The quest for excellence 
in R&D leads to deeper and better understanding of materials 
taught, and progress in R&D enriches our T&E endeavors. 
Here, the author shares a beneficial experience from T&E to 
R&D. 

Keywords: Teaching and education (T&E); Research 
and development (R&D); Soil mechanics; Laboratory tests; 
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1. Introduction  
As a parent and a teacher, the author considers education to 

be extremely important. Obviously, when we talk about 
“education”, we usually mean the “teaching”. Considerable 
importance should definitely be attributed to teaching and 
education (T&E) as they provide the only means of transferring 
social and scientific knowledge from generation to generation, 
and to ensure continuity in human culture and civilization. This 
can explain why the NSERC (Natural Sciences and 
Engineering Research Council of Canada) considers the 
training of highly qualified personnel (HQP) as one of the three 
most important criteria for research and development (R&D) 
funding allocation under the Individual Discovery Grant 
Program [1]. 

On the other hand, a university professor also plays the role 
of researcher who has the mission to perform research to 
advance human knowledge. 

Thus, a university professor has an obligation to strive for 
excellence both in T&E and R&D. In fact, the relationship 
between T&E and R&D is inseparable for a university 
professor. There is a Chinese expression that states that 
“Revision of old knowledge might lead to new perception” [2]. 
By striving for excellence in T&E, we might initiate a brand 

new, as yet unfamiliar R&D field, or obtain some new ideas in 
a familiar field, which will enhance our R&D. T&E may thus 
be considered as a resource feeding our R&D.  

On the other hand, striving for excellence in R&D could 
provide a better and deeper understanding of our materials 
taught. This may increase our confidence level in our teaching 
and facilitate the assimilation of new knowledge by students. 
Furthermore, R&D often enriches our T&E material.  

Here, the author shares a beneficial experience from T&E 
to R&D. 

2. T&E of Soil Mechanics  
As a professor in geotechnics, the author teaches the “Soil 

Mechanics” course. In most geotechnical works, it is well 
established that this is a difficult course, which however 
includes some basic components, constituting the most 
important ones for further geotechnical applications. The most 
difficult parts of the course include the calculation of total and 
effective stresses and a distinction between long-term and 
short-term shear strengths, among other things. The latter is 
closely related to the generation and dissipation of excess pore 
water pressure in fin grained soils. 

In the textbook used for the author’s “Soil Mechanics” 
course, a newly deposited backfill is taken as an example of 
under-consolidated soil with an over-consolidation ratio (OCR) 
smaller than unity [3]. In the author’s opinion, the newly 
deposited backfill is not an under-consolidated soil. Instead, it 
is a good example of the confusion that exists between total 
stress and effective stress. To illustrate this, one considers a 
newly deposited backfill in liquid (mud) form shown in Figure 
1. 

The relationship between the vertical total (�v) and 
effective (�'v) stresses is expressed as follows: 

 wvv ' u	� ��  (1) 

where uw is the pore water pressure. The vertical total stress at 
a depth, h, can be calcualted by the following equation: 

 htotv �� �  (2) 

where �tot is the total unit weight of the saturated deposition. 
At time 0 (starting) since the deposition, the backfill is in 
liquid state, and no particulate-to-particlurate contact exists as 
yet. Thus, the effective stress is zero, i.e., 
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 0'v ��  (3) 

Entering Eqs. (2) and (3) into Eq. (1), we obtain the pore 
water pressure at a depth, h, as follows: 

 hu totw ��  (4) 

As �tot is usually higher than the unit weight of water, �w, 
Eq. (4) indicates that the pore water pressure at a depth, h, is 
higher than the hydrostatic pressure of water (= �wh). 
Theoretically, if a piezometer is installed at the depth, h, a 
water height, hw, would be expected in the piezometer as 
follows: 

 
hh

w

tot
w �

�
�  (5) 

This equation indicates that the water column in the 
piezomter, hw, should be higher than the water table, h as �tot is 
usually higher than �w. The water column above the water 
table is called the “excess pore water perssure height”, which 
can readily be detected by an electronic piezometer.  

However, if a conventional tube piezometer was installed, 
nothing would probably be found in the piezometer. The 
reason for that will be given below. This may however lead to 
a false conclusion that the pore water pressure is nil and that 
the vertical total stress, �v, is the same as the vertical effective 
stress, �'v. 

After a period of drainage and consolidation, the true 
vertical effective stress is increased to �'v0, which is the 
maximum vertical effective stress to which the newly 
deposited backfill has been submitted during its past history. 
Thus, its pre-consoldiation pressure, �'p, would be: 

 v0p '' �� �  (6) 

Obviously, the over-consolidatio ratio of the newly 
deposited backfill is: 

 
1

'
'

v0

p ��
�
�

OCR  (7) 

This means that the newly deposited backfill is always a 
normally consoldiated soil. 

However, if we were to take the vertical total stress �v0, 
which can be directely calculated from Eq. (2), as the the 
vertical effective stress, �'v0, we would obtain an OCR smaller 
than one§
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, as follows: 

 

 (8) 

because, 

 v0wv0totv0 '' ���� �	�� uh   (9) 

 

                                                           
§ Same false conclusion can also be deduced if the hydrostatic pressure is 
taken as the pore water pressure as the former is smaller than the latter. 

 
Figure 1. A newly deposited backfill. 

 

To confirm these hypotheses, and especially, to obtain a 
visualization of the excess pore water pressure, a laboratory 
instrumentation was built. This was part of the tasks realized 
by the author during the 2011-2012 school year to improve his 
T&E quality. The materials presented here has been used in 
the author’s teaching to faciliate comprehension of the very 
abstract “excess pore water pressure” concept by students. 

3. Laboratory Tests for T&E  
A. Newly Deposited Backfill Material

The material of a newly deposited backfill was made from 
waste clayey samples, which had been used and stored in a 
bucket over several terms of the “Soil Mechanics” course in 
the École de technologie supérieure (ÉTS) Department of 
Construction Engineering. All these dry clayey samples were 
first well mixed, ground, and brewed with sufficient water to 
obtain an over saturated clayey liquid-like sample (Fig. 2). 

B. Instrumentation and Tests
Fig. 3 shows the instrumentation used to investigate the 

self-weight consolidation behaviour of a newly deposited 
backfill. Sand is put in the bottom of a rigid wall cylinder, and 
covered with geotextile and filter paper. A piezometer is 
introduced into the sand layer.  

Fig. 4 shows the situation in the beginning (Fig. 4a) and the 
near end (Fig. 4b) of the backfill deposition. 

h
hw 
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Figure 2. Material of a newly deposited backfill sample. 

C. Visualization of Excess Pore Water Pressure
The term “excess pore wate pressure” has been defined 

previously, and is closely related to the long-term and short-
term stability of earth workings. Because the textbook [3] does 
not provide for its visualization, it is too abstract to understand 
for many students. 

Fig. 5 shows the water column in two piezometers: one 
inserted into the lower sand layer, and the other directly 
introduced into the upper clayey backfill. A water column 
higher than the water table is observed immediately after the 
end of the backfill deposition, but no water is observed in the 
upper piezometer (Fig. 5a).  

 
Figure 3. Self-weight consolidation instrumentaion. 

After about two days of drainage and consolidation, the 
water column in the lower piezometer becomes lower while 
some water begins to be observed in the upper piezometer, 
whose head is much lower than the water table in the cylinder 
(Fig. 5b). This is due to the fact that the clayey backfill has a 
very low permeability compared to sand. Thus, the lower 
piezometer can be fed with water immediately as long as it is 
requested by the pore water pressure, while little water is 
avaiable from the clayey backfill to feed the upper piezometer. 
The latter corresponds to the case when a tube piezometer is 
installed in a newly deposited low permeability backfill. 

 
Figure 4. Deposition of a backfill at the beginning (a) and near the end (b) 

into a rigid wall cylinder instrumented with piezometer. 

D. Visualization of Drainage Flow
With the standard consolidation (oedometer) test [4], it is 

usually difficult to see water flow, given the limitations in 
sample size and availability of expulsed water from the 
consolidated sample. In fact, water outflow is usually smaller 
than the evaporation, and as a result, water must be added to 
ensure the sample saturation during standard consolidation 
tests.  

With the instrumentation presented here, one-dimensional 
upward drainage is allowed even though a pervious sand is 
placed at the base of the deposition.  

 
Figure 5. Piezometer readings: (a) immediately after the backfill deposition; 

(b) after about two days of self-consolidation. 
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Fig. 6 shows a picture in which a 5.2 cm water decantation 
is clearly formed after about 260 hours of self-weight 
consolidation. Doubtless, this material can be used in teaching 
the “Soil Mechanics” course in order to facilitate 
comprehension of drainage and consolidation. 

Water head
Decantation 

(5.2 cm)

 
Figure 6. Water decantation after 260 hours and 33 minutes of self-weight 

consolidation. 

4. R&D Benefits from T&E  
E. Improvement in Instrumentation

The pictures shown in Figs. 2 to 5 were taken during the 
primary tests. Fig. 7 shows an instrumentation after several 
improvements, including a better sealing system, the 
placement of a sand layer only slighly higher than the 
piezometer needle position, and the attachment of the 
piezometer to avoid or reduce human disturbance to the water 
head during testing. The pictur presents the designations of 
several measured parameters, including the total height of the 
backfill deposition (Ht), the thickness of the sedimentation due 
to self-weight consolidation (Hc), the water height in the 
piezometer (Hw) corresponding to the pore water pressure at 
the base of the sedimenation, and the excess pore water 
pressure height (He=Hw-Ht). 

F. R&D Benefits from T&E Laboratory Tests
The author has been working for mining backfill for many 

years, an area in which he has made several contributions (e.g., 
[5-9]). The consolidaton of fill materials in backfilled stopes is 
a critical concern [10-14]. The T&E laboratory tests provided 
the author with an opportunity to examine the self-weight 
consolidaton precess. A further review of the literature 
indicates that self-weight consolidation is also a concern in 
coastal and canal transporation engineering due to the disposal 
of dredged materials [15-18]. It is also a crtical concern in 
management of the surface disposal of mining tailings and fly 
ash [18-25]. 

A further investigation reveals that the T&E instrumention 
presented here is very simple, but quite innovative in terms of 
measurements of the evolution of the physical and hydraulic 
properties of slurried deposition. This has lead to the 
publication of a peer-reviewed paper in which test result 
interpretation details have been presented [26]. In the 

following section, some typical results will be shown to 
demonstrate the benefits to R&D arising from the T&E 
laboratory tests. 

1) Evolution of Physical Properties: 

When the newly deposited backfill is submitted to drainage 
and consolidation, its physical properties, such as the total 
density (�t) and the void ratio (e), change with time. At the 
moment of deposition, its initial total density (�t0) would be at 
a minimum while its initial void ratio (e0) would be at a 
maximum. 

 
Figure 7. An improved instrumentation (picture taken after 26 hours and 45 

minuites of of self-weight consolidation). 

The initial density of the newly deposited backfill can be 
estimated as follows [26]: 

 
wH

H ��
t0

w0
t0 �  (10) 

where �w is the density of water, Ht0 is the initial thickness of 
the newly deposited backfill, Hw0 is the maximum water head 
in the piezometer immediately following the deposition. 

Equation (10) indicates that it is possible to obtain an 
estimate of the initial density of the slurried sample by 
measuring Hw0 and Ht0. This leads to �t0 = 1.33 g/cm3 with test 
results presented in Li et al. [26]. 

Once the initial total density (�t0) is obtained, the total 
density, �t, of the consolidated deposition can be estimated as 
follows [26]: 

 
� � ww H

H ���� 	��
c

t0
t0t

 (11)
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The void ratio, e, of the newly deposited backfill is 
estimated by the following equation: 

 w

te
��
��

�
�

�
t

s  (12) 

where �s is the density of the solid particulate. For most cases, 
its value can be taken as 2.7 g/cm3. 

Fig. 8 shows some results of the evolution of the void ratio 
(e) and the total density (�t) of the newly deposited backfill. It 
can be seen that the void ratio decreases while the total density 
increases with the time of self-weight consolidation. 

2) Evolution of Pore Water Pressures and Stresses 

With the instrumentation presented here, the pore water 
pressure, uw, and the excess pore water pressure �u, at the 
base of the deposition can be readily obtained as follows: 

 www gHu ��  (13) 

 ew gHu ���  (14) 

where g (= 9.81 m/s2) is the gravity accelerator. 

The total vertical stress, �v, at the base of the deposition 
can be estimated with the following equation [26], 

 � � ctctwv gHHHg ��� 	��  (15) 
while the vertical effective stress, �'v at the base of the 
deposition is estimated by the following equation: 

 wvv' u�� ��  (16) 

Fig. 9 illustrates the evolution of (excess) pore water 
pressures and (total and effective) stresses at the base of the 
newly deposited backfill. It can be seen that the pore water 
pressure and the excess pore water pressure decrease at the 
same pace with the time of self-weight consolidation. 
Regarding the vertical stresses, the total one decreases while 
the effective one increases with time of self-weight 
consolidation. Within the tested period, the difference between 
the total and effective stresses remains significantly high, 
indicating that the drainage and consolidation process are still 
far from complete. 

3) Evolution of Hydraulic Properties

The hydraulic conductivity (or coefficient of permeability), 
k, is an important parameter in drainage and seepage 
calculations. Considering Darcy’s flow, the hydraulic 
conductivity can be obtained by the following equation:  

 i
vk �  (17) 

where v is the flow velocity through the sample, and i is the 
hydraulic gradient. With the instrumentation presented here, 
they can be obtained by the following equations: 

 
� �

t
HHv

�
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� ct  (18) 
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c

w ��
H
Hi  (19) 

where �t is the time interval between two time points of 
measurement, �(Ht – Hc) is the thickness variation of the 
decantation water during the period �t. 
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Figure 8. Evolution of physical properties due to self-weight consolidation of 

newly deposited backfill. 

0
500

1000
1500
2000
2500
3000
3500
4000
4500

0 100 200 300 400 500

St
re

ss
es

 a
nd

 p
re

ss
ur

es
 (P

a)

Elapsed time (hours)

Vertical total stress
Vertical effective stress
Pore water pressure
Excess pore water pressure

 
Figure 9. Evolution of (excess) pore water pressures and (total and effective) 

stresses at the base of the newly deposited backfill. 

Fig. 10 shows the evolution of hydraulic conductivity of 
the newly deposited backfill estimated from experimental 
results. It can be seen that the hydraulic conductivity decreases 
quickly at the early stage of self-weight consolidation, and 
tends to become constant after about 200 hours of 
consolidation. The figure also plots a description proposed by 
Li et al. [26]. It can be seen that the proposed equation 
describes the experimental data quite well. 

5. Discussion  
The results presented above stem from a very simple 

instrumentation aimed at providing a visualizion of excess 
pore water pressure during the self-weight consolidation of a 
newly deposited backfill. The instrumentation was initially 
designed for T&E purposes. The results presented above 
clearly show that this target is achieved. 
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Furthermore, it has been shown that the laboratory test 
method presented here can be used to measure a variety of 
physical and hydarulic properties of slurried depositions under 
self-weight consolidaton. Compared to existing test methods 
for measuring slurried deposition physical and hydraulic 
properties [4, 15-16], the method presented here has an 
important advantage: no external hydraulic or mechanical 
solicitation is applied. Consequently, the state of the 
deposition is not disturbed during the test. Results obtained 
with the proposed method should be more representative than 
with existing methods. 

Of course, the instrumentaion presented here is still far 
from perfect. More work is needed to improve the testing 
method. Nonetheless, the results shown above clearly 
demonstrate the R&D benefits from T&E. 
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Figure 10. Evolution of hydraulic conductivity of the newly deposited backfill 
estimated from measurement and described with an equation proposed in Li et 

al. [26]. 

6. Conclusion  
The benefits of T&E for R&D have been shown. Doubtless, 

T&E and R&D are two individable components for a 
university professor who has the obligation to transfer 
knowledge from generation to generation, and the mission to 
advance human knowledge. As an integrated professor, 
equilibrium should be granted to both aspects and effforts 
should be encouraged on both.  
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Abstract—In this article, with the goal of improving civil 
engineering students’ employability and establishing the "five-
in-one" application-oriented talents cultivation mode of civil 
engineering specialty, We do the research primarily from 
professional practice in education, career planning, job skills 
training, alumni resources construction and enterprise 
feedback, in research at home and abroad on the basis of 
successful experience and practice, combined with the current 
civil engineering students in our actual situation, existing 
advantages into full play and accumulate, and put forward the 
"five-in-one" new training mode.  

Keywords- five-in-one; civil engineering; personnel 
training; mode  

1. Introduction  
Employment is the primary objective in students ' career 

development, with the growth in the number of university 
graduates, increasing employment pressures, only by 
continuously improving the employment competitive ability of 
the students, their professional orientation in the workplace will 
be found quickly, and meet the position requirements soon, to 
make it stand out in a competitive job market, grow as soon as 
possible. This article by building a "five in one" application-
oriented talents cultivation mode of civil engineering specialty, 
achieving the goal of improving civil engineering students ' 
employability, freeing students from learning of non-autonomy, 
academic development of blindness and confusion of career 
development. So that our students can clearly orient our career 
life in the four-year study at the university, according to its 
own characteristics of selected academic and career paths. It is 
on the basis of single professional education, breaking original 
model, establishing the "five-in-one" all-round personnel 
training mode. 

2. Domestic and Foreign Research Status  
A. In terms of practical education

Research in domestic and abroad recognized that 
engineering education should return to the engineering practice. 
Practice education is the basis for engineering education. We 
should strengthen project-oriented training and practice-
oriented project, also we should implement in practice on the 

teaching. Therefore, training courses throughout the curriculum 
play an important role in the system. 

In foreign universities, civil engineering professional 
education target at professional and emphasized the 
development of application-oriented talents. In the United 
Kingdom of all the civil engineering colleges and universities, 
a considerable number of engineering colleges is practicing the 
"sandwich"-type curricula, that is the first second fourth 
year studying at school, the third school year as engineering 
practices (as an integral part of the teaching program)[1]. This 
scheme occupies fewer hours in classes, students have more 
free time, and it has the characteristics of multiple channels. In 
Germany Universities of civil engineering, it attaches great 
importance to talent cultivation of the ability to work 
independently, in practice links, civil engineering students must 
come to the actual first line of production practice of 13weeks, 
training content and requirements are clearly defined. 
Germany's companies can assume the receiving students 
practice tasks, as well as recruiting new staff study[2]. France 
training model of higher engineering education has similar 
features with Germany and other European countries: students 
either learn scientific basis or engineering technology, schools 
attach importance to work in companies, and keep in touch 
with companies[3].  

Nowadays, many scholars in China on the teaching reform 
of engineering practice education project, optimizing, 
integrating course content, course structure, strengthening the 
construction of laboratory practice and training, with a view to 
improving the practical ability of the students. Modular course 
construction in colleges and universities improve students ' 
computer skills, such as CAD, Drawing, PKPM software, 
computer simulation test system. 

B. In terms of career planning
In the teaching curriculum of civil engineering of Hong 

Kong University of science and technology, the academic and 
career development course as core curriculum, there are three 
hours of counseling and study hours. At present, China also 
attaches great importance to career planning of university 
education; career planning has become a new mode of 
employment guidance. Compared to China, early career 
planning education abroad has been more mature. Especially in 
Germany, Singapore and other developed countries, they began 
to focus on employment ability of students from primary 
school training, and guide students step by step to make their 
own career plan. 

Creative Education  
Supplement：2012 world Congress on Engineering and Technology
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In recent years, the employment guidance in University 
departments in the Mainland changed; it began to guide 
students to make career planning. This kind of education, just 
introduced into the junior college students. At the same time, 
human resources service providers began to involve in 
community college education, well-known entrepreneurs’ 
access to career training in colleges and universities, through 
seminars, training, testing, games to help students find their 
career objectives and their implementation. Students need to 
have a career plan. A reasonable career planning is the first 
step towards success. On the first day of entering the university 
campus, students should combine their personality, interests, 
expertise, values, and other factors, according to the external 
environment, establishing his career goals, taking advantage of 
a variety of favorable factors in the social environment, having 
a purpose, a planned, strategic way to implement this objective. 
In the process of implementing this objective, according to the 
changes in the external environment and their interests and 
hobbies to continuously adjust and eventually obtain a 
satisfactory result. 

At present, China's College students in this direction is still 
relatively weak, for many college students, they don't have a 
sense of development planning; Many colleges and universities, 
present a reasonable career planning for college students also 
has no formal action, successful career planning is the key to 
ensure the students ' ability to acquire employment factors. 
Since 2005 United Kingdom Higher Education Quality 
Assurance Agency (QAA) began to record graduate students’ 
results through the process of file or personal development 
planning (PDP). Personal development planning's primary goal 
is to improve an individual's ability to understand what they 
learn, and how to learn, and to review, plan and be responsible 
for their own learning, students need to be able to reflect on 
their achievements and provide proof, and realize that the 
capabilities they developed is through curriculum and extra-
curricular activities. Fundamentally, only interested in the 
students ' personal development plan process, rather than the 
result of personal development planning, recruitment, personal 
planning's role is to help job seekers to explain and articulate 
what they know, what they can do and what they are doing. 
Developing good moral character, role change can be 
completed as soon as possible is also important duties and 
responsibilities of the university. 

C. In terms of job skills training 
Affected by traditional "formal" education, there is a 

widespread phenomenon of despising vocational training in 
colleges. At present, many vocational colleges and universities 
attached great importance to students ' vocational skills training, 
mainly carried out with the dual certification requirements, 
taken of students at school-oriented training so that students 
with professional qualifications, obtain the appropriate 
professional credentials. 

In recent years, with education plays an important role in 
the society, institutions have sprung up in all kinds of education 
and training, training courses cover wide range of subjects 
according to market needs. The number of participants in 
training courses was in a rising trend, in which college students 
played the main roles. Lacking of vocational education is the 

weaknesses of college students. In China the higher education 
is degree-oriented education, focusing on basic theory and 
professional teaching, ignoring vocational education 
particularly practical job skills training. However, out School 
of vocational training filled this gap. Higher education is 
different from domestic and abroad, they have very sound 
system of higher vocational education. In developed countries 
such as Britain and the United States, they typically use 
legislation to promote the stable development of vocational 
education. 

D. In the development of Alumni resources  
Research indicates that in France more than 100 large 

enterprises, two-thirds leaders of the industrial enterprises are 
alumni of the school. Higher mining school of Paris has 
proudly claimed that the school founded 200 years, and they 
maintained close cooperation with the mining industry of 200 
years. Obviously, University Alumni is a knowledge-intensive, 
information-rich, strong social skills group, the group has a 
special feeling to their schools, and it has significant resources. 
As the president of Zhejiang University Pan Yunhe says 
"Alumni are the most important achievement of the University 
", it plays an important role in the development of colleges and 
universities.  

Alumni study in the United States and Europe has a long 
history. The earliest Alumni research appeared in the 1930 in 
United States, in 1979, pace pointed out that the Alumni 
leadership research mainly focused on helping colleges and 
universities assess educational outcomes as well as understand 
the feedback of college students ' employment situation. Today, 
alumni research has been extended to many new fields. New 
research on Alumni resources mainly includes the reform of 
university alumni working way in order to better serve the 
alumni. Relative to the history of alumni work abroad, our 
university alumni is lagging. 

E. In the area of enterprise feedback  
Civil engineering in United Kingdom attaches great 

importance to ties with the engineering sector and department 
of engineering industry advisory committee. first, the 
celebrities involved in the teaching of engineering management, 
involved teaching programs, teaching reform and suggestions 
made; Second is to invite members of the business community 
to  make lectures at any time, providing the latest 
information[4]. And they have series of teaching system and 
community resources for protection; making sure that 
universities and enterprises can build a win-win. 

In recent years, as the change of China's economic system 
and the reform of the education system, University of 
engineering try their best to establish the close relationship 
with industrial enterprises. But, in General, contacting and 
cooperation between the two sides is not strong enough. 
Universities are not open to industrial enterprises; enterprises 
are not really relying on universities. 

In developed countries such as Britain and the United 
States, they are running a market-oriented system, taking the 
road of enterprise at the University. Through the cooperation 
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with industry and enterprise, colleges cultivate students with 
knowledge and skills. 

3. To Enhance the Employability of Civil 
Engineering Talents Cultivation Mode of 
Thinking  

Civil engineering is a major which require high quality of 
employment, employment creation, employability development, 
employment promotion, employment information. In order to 
improve the quality of these five aspects, the main idea is as 
follows: 

 
Figure 1. Personnel training mode to enhance the employment competence 

of civil engineering. 

F. Accumulation of job quality)
To do a good job in professional practice education, the 

first thing is to have a solid theoretical knowledge, and practice 
education links allow students to use short term, subject 
research, study tours and other forms of social practice to 
maximize exposure and understanding of civil engineering 
enterprises in the field of present situation, development trend 
and occupational characteristics. After understanding the 
industry, we can enable students to strengthen the awareness of 
professional, so as to raise interest and initiative of professional 
learning. 

The basic idea is: the key of enrolment is focusing on 
professional course; first-year focuses on short term practical 
education; second-year focuses on scientific research; third-
year focuses on production practices; fourth-year focuses on 
graduation design (thesis). Graduation design (thesis) is the 
only step that students can have the chance to discuss with 
tutors face on face and finish a paper by their own.  

Professional practice is the important work in four years 
study, how to grasp the different stages is very helpful to the 
growth of students. 

G. Set of employment
Career planning education for students of any subject is 

crucial, because human personality determines the type of 
work which he is good at, it helps students finding the right 
type of work and it is very important to their future 
development. For the students in civil engineering, 
requirements are different for different types of practitioners. If 
students do not fully understand the needs of this industry and 

talent requirements and feel free to make decisions, it is easy to 
make a wrong decision and make their career path is not very 
smooth. 

The basic idea is: taking colleges in Hong Kong as 
reference, they have “practice of the academic and professional 
development” courses in colleges and universities, these 
courses link to the course of an introduction to the subject, new 
students in the colleges can gain the knowledge of career life 
planning. Students in civil engineering department should 
choose their specialty in the second-year. After selecting a 
specialty, students should well plan their career life. 

H. Employment promotion 
The feedbacks from graduates in recent years, current 

graduates are faced with embarrassed situation, they are worse 
than people who have master or doctor degrees in doing 
research, and  they are not skillful compared with vocational 
graduates. It is the important problem for colleges and 
universities to resolve. 

The basic envisaged is: drawing on the experience of 
abroad university professional skills training and high 
vocational college vocational education, on the base of current 
five member training, perfecting training system, and setting up 
budgeter training, and guiding students on participate in series 
training, making reasonable time arrangements. Students can 
learn expertise while enhanced actual application ability, 
finally get "passport". 

I. Expansion of employment information
University Alumni is a knowledge-intensive, information-

rich, strong social skills group, the group has a special feeling 
to their schools, and it has significant resources. As the 
president of Zhejiang University Pan Yunhe says "Alumni are 
the most important achievement of the University ", it plays an 
important role in the development of colleges and universities. 
With economic globalization and the deepening of the reform 
of higher education, how to make the development and use of 
Alumni resources and play good alumni in college students’ 
ideological and political work, expanding the school space, 
promoting the role of educational innovations, and other work 
is the important task of management work of colleges and 
universities. 

The basic idea is: by interviewing students who graduated 
from1999-2006, building Alumni Resource Library, and doing 
survey in graduates in civil engineering. This summer has 
completed the first step, despite we face many difficulties and 
obstacles, but we also got many achievements and obtained 
much valuable information. If this work continues, we try to 
perfect the network of Alumni resources; we will have a better 
Alumni resources system. At the same time, employment 
opportunities provided by the Alumni will have a great effect. 

J. Improving the quality of employment
Enterprise is an advanced technology platform, and also it 

is the place of professional resource. If first-hand information 
obtained from the enterprises on time, it is very important for 
both teaching and research. And they have series of teaching 
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system and community resources for protection; making sure 
that universities and enterprises can build a win-win. 

The basic idea is: using the way foreign colleges and 
universities do, firstly, inviting the celebrities in Engineering 
Advisory Board to teach engineering management, involved in 
teaching programs, teaching reform and suggestions made; 
Secondly, inviting experts in the field of civil engineering have 
lectures at any time, providing the latest information; thirdly, 
building enterprise resource information database, 
recommending civil engineering graduates to the enterprise. It 
can improve the quality of students’ employment. 
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Abstract—The present thesis aims to empirically determine 
the effects of technology, specifically the integration of e-
learning within English language teaching, on students’ 
perception of teachers’ role. Participants were divided into 
experimental (e-learning) E-group and controlled (traditional) 
T-group.  

SPSS was used to analyze the data collected. The results show 
that, in both groups, students’ perceptions of the teachers’ role 
remain positive form the beginning of the term to the end. 
Such findings reveal that the role of ELT teachers within e-
learning is analogous to an interactive teacher of the earlier 
conventions, a multifaceted one with strategy-oriented tasks 
ranging from Facilitation, Advising, Conducting experiments, 
Engineering activities, to Supporting divergent learning styles, 
pathways and creative productions (FACES). However, in the 
aspects of giving advice, offering educational and 
technological support and engineering various activities, e-
learning group of students holds more positive attitude than 
the traditional group.  

Keywords- students’ perception, teachers’ role, e-
learning, communicative teaching  

1. Introduction  
The influence of technology in education is a widespread 

phenomenon. Within English Language Teaching, the rapid 
development of Information and Communication Technology 
(ICT) prompts changes in the ways and methods of teaching 
and preparing students for continuous learning and effective 
use of the language to communication with people from 
various parts of the globe. Now with multimedia computers 
and Internet resources available to common people, e-learning 
presents foreign language teaching and learning with 
unprecedented opportunities as well as challenges. E-learning 
applications in academies and institutes have long held 
scholars’ attention throughout the world. 

With the promotion of technological development, 
researches into constructivism have had an enormous 
influence on the study of English teaching. Meanwhile, the 
schools of constructivism-trivial constructivism, radical 
constructivism, social constructivism, and so on, have the 
common ground that knowledge is actively constructed by the 
learners and students acquire knowledge through 
interaction[4]. According to the constructivist theory, teachers 
should help students create knowledge by every means instead 
of imparting knowledge to them. So it is very significant for 
us teachers to determine the role of college English teachers 
and its function so that we can improve students’ English 
achievements and their learning ability. 

Compared with the college English syllabus, we must 
realize college students’ English level is not optimistic. On the 
one hand, many students lack the ability of listening, or 
speaking, or reading, or writing, or translating. Although they 
have learned English for so many years, they can’t express 
their ideas correctly in English. Lacking abilities of thinking 
and autonomous learning, they wholly rely on their teachers, 
believing their teachers stand for the only owner of knowledge. 
On the other hand, college English teachers mainly adopt the 
teacher-centered teaching approach in class, which failed to 
bring up students with initiative and creative power. They care 
little about students, neglect their needs and ignore the 
function of emotional factors in English teaching. 

Gathering data from students, the present study intends to 
gather quantitative information about the teachers’ role within 
e-learning, in order to fully understand how to synchronize 
and synergize the power of ICT tools within language learning 
and the learners’ positive perception of these tools. 
Specifically, the study gathers students’ perception about the 
teacher’s strategies within e-learning and investigates whether 
technology changes forms of teaching and consequently, the 
teachers’ role.  

With the use of e-learning, a component of the e+c 
framework of teaching English that employs digitalized 
materials and ICT-based support inside and outside the 
classroom, in order to enhance and practice autonomy among 
foreign language learners, the present study seeks to gather 
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information to the following query: (1) Does e-learning 
change students’ perception of teachers’ role ? (2) What 
teaching strategies are acceptable within e-learning? 

2. Methodology  
A. Participants

The participants in this study are 385 freshmen enrolled in 
the 4-year program at the Xi’an University of Architecture and 
Technology from whom the data were collected during the 
2009-2010 school year. They are selected randomly from 14 
classes in 8 colleges and are assumed to represent a group of 
students in China who have had approximately ten years of 
formal English learning, receiving training and education for 
technically-oriented jobs.  

 

B. Instrument
The Assessment of Teachers’ role with E-Learning 

(ATREL=18 items) is a specially designed instrument to 
measure learners’ perception of the teachers’ role within e-
learning. It contains items that reveal teacher’s actions that are 
highly observable and thus, measurable. The instrument 
includes questions that gather demographic information such 
as their age, family background, learning experience. 

The scoring is based on the 5-point scale that employs the 
following degrees of frequency: always (5), often (4), average 
(3), sometimes (2), never (1), where the number corresponds 
to the points attached to it. The higher the number, the more 
frequent the recurrence of the teacher’s actions. 

The conceptual framework that guided the development of 
the 18 items of the assessment is derived from the principles 
of task-based learning (Breen 157-174[5]; Willis 90-95[6]) 
that foments the directive role that teachers may assume to 
create effective learning opportunities “even within a 
predominantly learner-centered classroom” (Brown 115)[7]. 
Specifically, drawing from the notion of facilitation that states 
that it is a method of guiding and aiding through adjustment 
and regulation of interaction (Zimmerman and Evans 43-45), 
one understands the importance of pointing to an objective in 
order for the first move from the student to be possible[8]. 
From this standpoint, the instrument includes items that assess 
teacher’s facilitative acts such as, explaining the rationale of 
activities, inclusive of e-learning, and the teachers’ role as a 
guide in completing learning tasks ( ATREL item 3, 16,17). 

Task-based learning is compatible with autonomy within 
foreign language learning (Littlewood 43-427) and inherently 
stipulates teacher’s facilitation from the beginning to the final 
stage of a learning task[9]. In line with this, the instrument 
assesses teacher’s counseling acts such as, attending to 
individual needs (ATREL item 8), relating to students in a 
friendly manner (ATREL item 10), giving praises to learning 
achievements (ATREL item 12), which facilitate dialoguing 
and continuous flow of advice. Also, it assesses the teachers’ 
role of and engineer of activities and conductor of assessments 
who gather information about learner’s learning processes and 
outcome, subsequent to constructing activities based on the 

principles of fun and interesting learning (ATREL item 5), 
interactive and cooperative learning (ATREL item 7,9). 

Finally, in consideration of the demands of task-based 
learning, the instrument assesses teacher’s acts of support 
using encouragement (ATREL item 6) and continuous 
feedback (ATREL item 15). 

C. Data Collection & Analytical Methods
The Assessment of Teachers’ role within E-Learning 

(ATREL) is completed to gather data about the participants’ 
personal information and perception of teacher’s position 
within e-learning, that is, the role they play in the learners’ 
task to manage their own learning and consequently be 
supported in various stages of active, autonomous learning. 

In order to determine the students’ perception of teachers’ 
role within e-learning, analysis of means, and t-test using 
SPSS13 were employed. The final analysis gathered at the end 
of the semester (four months after the intervention) is 
summarized in the following sections. 

 In order to determine the reliability of the instrument, the 
analysis employs Cronbach’s � reliability coefficient. 
Instrument Validity employs exploratory factor analysis, a 
statistical technique used to identify a relatively small number 
of factors that can be used to represent relationships among 
sets of many interrelated variables. In this study, variables 
include a linear combination of factors that represent actions 
of teachers, and student ratings of these actions can be 
expressed as function of factors that have impact on e-learning. 
Factor analysis helps identify the underlying, not-directly-
observable constructs such as teachers’ facilitation, mediation, 
and support. In this process, 49 students participated in the 
pilot test to validate the design of the test, which may indicate 
the reliability and validity. 

The result shows that all the information contained in the 
18 variables is kept relatively well without losing too much, 
and the 18 actions of the teacher can reflect the 5 roles 
supposed. 

TABLE I. CASE PROCESSING SUMMARY 
  N %

Cases Valid 59 100.0
Excluded(a) 0 .0

Total 59 100.0
a  Listwise deletion based on all variables in the procedure            

TABLE II. RELIABILITY STATISTICS 

Cronbach's Alpha N of Items
.907 18

Table II �
�
�����������
�§�!�����X���������¬�¯�����������
means that the results of the test is reliable. 

To sum up, the pilot study indicates that the data collected 
pass the tests of validity and reliability and can be used to do 
further analysis. 

This study concerns understanding the students’ 
perceptions of the teachers’ role within e-learning, thus, it 
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takes into account two distinct teaching settings such as the 
computer classroom (with internet access) and the traditional 
classroom (non-computer classroom). According to the site of 
instruction, participants received two forms of teaching which 
is namely, (1) e-classroom teaching (e-learning), and (2) 
classroom instruction (communicative instruction). 

During the period of 18 weeks, e-learning participants are 
encouraged to have the outside-the-classroom self-study and 
the other group is encouraged to make active communication 
and interaction in the classroom using the target language.  

3. Results&Discussion  
Aiming to explore the English teachers’ role within e-

learning, the present study examines the perception of both the 
controlled traditional group (T-group) and the experimental e-
learning group (E-group) during a period of 5 months. At the 
start of the study, all the students surveyed are freshmen. It’s 
presumed that their perceptions about teachers’ roles were the 
same or both positive when they began their study at the 
university, and their initial perceptions were not affected by 
their entrance grade.  

D. Students’ Perceptions of Teachers’ Role
At the end of study, data reveal that means of all actions 

for both e-learning group and traditional group are above 3, 
namely all the students still perceive teachers’ performance 
positively. However, for some of the actions, e-learning 
students’ perceptions are significantly different from 
traditional students’. 

According to the data, students believe that the presence of 
teachers can give them advice, offer educational and 
technological support and engineer various activities at all 
time and all places through the use of e-learning in which 
computer mediation is utilized. However, students consider 
that teachers perform equally well to provide facilitation and 
conduct experiments both under traditional and e-learning 
environments. 

Obviously, the results are fairly different from the original 
anticipation and previous researches of many scholars, if not 
totally.  

E.  Possible Causes of the Results
Different factors may contribute to the results above, 

including physical aspect of the facilities and subjective aspect 
of teachers and students. 

To start with, computers and LAN provided by the school 
are not always in good conditions. Some computers in the 
language lab or e-reading rooms are extremely old and often 
break down. The campus LAN is not always stable and 
sometimes one is cut off from an important connection to the 
internet. Another important thing is that most multimedia 
classrooms are not available after class. 

Software for English teaching and learning is limited in 
quantity. The content of EFL courseware is not all satisfactory. 
What’s more, teachers often find it hard to use a courseware to 
initiate interaction.  

These physical factors may become obstacles for students 
to truly performing effective e-learning, and at the same time 
interfere with the implementation of teaching methods, which 
undoubtedly will further take its toll on students’ perceptions 
of teachers’ role under the environment of e-learning.  

The negative factors stemming from teachers and students 
can not be neglected. Students, especially Chinese students 
who have been used to class lecture have not picked up the 
habit of autonomic learning. Many students lack the 
knowledge of the constructive learning, or are reluctant to 
change, so they remain passive receivers of the knowledge. 
They usually lack motivation and inclination to cooperate with 
the teacher and to complete the tasks assigned. This suggests 
that they have not changed their conception of “learning”, to 
live up to their role of information constructor required in e-
learning. And for various reasons, many of them learn rather 
little about the computer and network. These may lead to half-
baked understanding about teachers’ role. It seems that many 
students have not been mentally prepared to play an active 
part in the integration of advanced technology in their own 
English learning. 

In addition, from students’ responses to the questionnaire, 
it is found that most teachers involved are prepared mentally 
for the implementation of technology. However, some can not 
clarify their teaching methods and intention, which implies 
that many teachers have not reflected on their ways of English 
teaching though it is the basis for development in English 
teaching skills.  

One more important point is that many teachers do not 
have enough knowledge and skills to use computers on an 
efficient basis. Some of them are lacking in the ability to use 
the internet platform and multimedia devices flexibly and 
some are weak in CALL theories. Such failure in 
technological application affects teachers to play their roles 
well. 

Though agreeing with the teacher’s new role within e-
learning, many teachers still tend to teach English in a 
traditional way. That is to say, there is a divergence in their 
practice from their mental conception of their role within e-
learning. 

4. Conclusion  
F. Pedagogic Implications

Various eloquent articles describe the features and 
interactive capabilities of multimedia that lend itself to 
integrating technology within language pedagogy (Singhal, 
3.6; Sperling 25; Warschuer 125-130; Warschauer, Schetzer & 
Meloni 143-140), to enhancing positive perceptions of EFL 
websites (Kung & Chuo 6.1). The present study, however, 
shows that the students’ perceptions of some of the teachers’ 
roles remains the same within e-learning, and these roles of 
English teachers within e-learning is analogous to interactive 
foreign language teachers in the non e-learning classrooms of 
the earlier period (Flander 12; Yuvienco 190-219), who 
assumes a complex set of strategies such as, Facilitation, 
Advising, Conducting experiment, Engineering activities, and 
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supporting divergent learners’ productions. Evoking a 
multifaceted role of an interactive English teacher, these may 
be easily referred to as the FACES teaching strategies within 
e-learning. As strategies complementing each other to 
effectively achieve autonomy as an educational goal, they are 
completed freely and accordingly, not singly, nor 
independently of each other. These functions and 
competencies that constitute the complex role of an ELT 
within e-learning are parallel with the five roles that Simon (4) 
identified within distance education, which include the roles of 
technologist, process facilitator, content expert, instructional 
design, and manager. They also corroborate the teaching 
strategies that are helpful and necessary in guiding students in 
the use of Internet resources (Kung & Chuo 6.1; Fox, 1991; 
Paulsen 7.3).  

Nowadays, teachers’ role in college English teaching has 
become more and more important. Teachers are the center of 
instruction while students are the main part of learning. 
Teachers must realize that they themselves are both lifelong 
instructors and lifelong learners. The constructivist theory has 
set a higher standard for college English teachers, including 
the demands for their knowledge, their teaching ability and 
classroom management. Teachers have to spend more time 
and energy in preparing lessons. To be good facilitators, 
experiment conductor, advisers, supporter, and activity 
engineer, teachers have also to lengthen their working hours 
and broaden their responsibility. 

Through the study of college English teachers’ role, we 
can find that college English teachers play an important role of 
facilitators to students’ leaning, organizers of activities, 
advisers of students, supporters of students’ learning styles, 
and experiment conductors. When teachers carry out activities 
in English classrooms, they should serve students and consider 
every detail for students. Teachers also should grasp some 
teaching skills of creating situation, organizing interaction, 
using multimedia, and so on. Meanwhile, it is necessary for 
teachers to be reflective practitioners. During the process of 
learning, teachers act as guides while students are the center. 
College English teachers must be aware of the orientation of 
teachers’ role clearly, continue learning and try their best to 
arouse students’ autonomy and improve their English level.  

G. Limitations & Suggestions
The results and findings of the study clearly suggest the 

need for materials designed to facilitate, maintain and enhance 
multi-faceted teaching strategies within e-learning. They also 
warrant the accessibility of courses related to the fields of 
Psychology, Research, and Educational Technology for pre-
service and in-service teachers to ensure constant development 
among teachers. These may include, for instance, Psychology-
related courses that offer a general understanding of the design, 
use and interpretation of results of Tests of Attitude and 
Personality allows teachers to be aware of the way the mind 
works, how it influences behaviour, or the influence of foreign 
language learners’ character on their behaviour. Similarly, 
they may also consist of Research-related courses that provide 
training in the use of methods and instruments for sociological 
researches assists teachers to design and perform 
investigations in their own classrooms; also, courses on 

Technological Education that present teachers the opportunity 
to examine Information and Communication Technology-
based tools for enhancing foreign language learning. These 
types of courses, which need to be continuously accessible and 
regularly improved, offer present and future teachers a know-
how of applying knowledge and resources in the 
aforementioned fields, allowing them to effectively perform 
the complex roles of a facilitator, advisor, researcher, and 
technological and educational supporter. They function as a 
support for foreign language teachers who intend to provide 
training in the language as well as in learner autonomy and 
responsibility for one’s own learning (Boud 17-39). 

 It is noteworthy that the FACES teaching strategies that 
enable teachers to manage the complex process of teaching a 
foreign language within e-learning are analogous to the 
teaching strategies employed within Distance Education 
(White 207-221). This piece of information may prove useful 
for investigations that intend to explore or confirm the set of 
teaching strategies that are appropriate and effective within 
Distance Education. 

Candidly speaking, the present study of students’ 
perceptions of teachers’ role based on constructivism has not 
reached the point of satisfaction in various ways owing to the 
inadequacy of the author’s personal understanding as well as 
the limitedness of relevant literature and the pressure of 
research time. In this study, the influence of teachers’ 
personalities on practical teaching is overlooked for 
convenience thinking, which may otherwise have changed the 
result somehow. Moreover, students’ performance in their 
learning could have been good proof to test the result of this 
study. If there will be more opportunities, further study is 
hoped to be conducted  
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Abstract—The statistical analysis and evaluation of 
examination results provide the theoretical basis for teaching 
quality and management. Materials research methods course is 
the key course for the undergraduates major in materials 
science and engineering. Based on the examination results of 
inorganic nonmetal materials engineering specialty students in 
the first term of 2011-2012 school year of Wuhan University 
of Science and Technology, the quantitative analysis for 
several parameters including difficulty, discrimination and 
reliability were investigated. The results indicate that the 
distribution of examination scores approximate to normal 
distribution. Difficulty of the exam paper belongs to median 
level, and discrimination of this is qualified as well as 
reliability. Thus it was concluded that the design of the 
examination paper was good and dependable. 

Keywords-Statistical analysis; Examination results; 
Difficulty; Discrimination; Reliability 

1. Introduction  
The statistical analysis of examination results is an 

important work for the management of examination. Its 
conclusions are the theoretical basis for teaching evaluation, 
research and reform. By analyzing examination results, in one 
hand, the teachers can get to know how much knowledge 
students have obtained. For the other hand, it can be a 
feedback that the quality of examination papers, which is 
benefit to modify the questions and make the test more 
standard. Therefore statistical analysis of the examination 
results has been suggested for identifying the problems in the 
examination system as well as in the teaching process of a 
university. 

  Materials research methods course is a required course 
for inorganic nonmetal materials engineering specialty 
students. In this course, it is introduced that basic principles of 
materials research, characterization methods and their 
application in analysis of different materials and measurement 
of their properties. After completing the study module, the 
student knows the most important research methods and 
techniques used in materials science. The student understands 
the basic operating principles, applicability and limitations of 
these methods and techniques. The student can work 
successfully in the various fields of industry and research 
requiring good knowledge on materials research methods and 

techniques and on their capabilities, which has magnificent 
significance. But the fundamentals of modern techniques for 
characterizing materials are too abstract to understand. There 
are some problems in the teaching and examination of this 
course. In this paper, the analysis of examination results of 
materials research methods course was investigated in order to 
clarify problems existed in the teaching and examination. 

2. Analytical Strategies  
The procedure for the analysis was as follows. Firstly 

examination results of inorganic nonmetal materials 
engineering specialty students in the first term of 2011-2012 
school year of Wuhan University of Science and Technology 
were extracted from the scripts. Subsequently relative 
parameters including difficulty, discrimination and reliability 
were calculated. Third, the values of above parameters have 
been compared and discussed in order to identify possible 
sources of problems. 

To achieve the objective, the parameters will be first 
described according to specialized technical literature 

1) Difficulty. The difficulty of an item is understood as the 
proportion of the persons who answer a test item correctly. 
When this proportion is higher, the difficulty is lower. Usually 
this proportion is indicated by the letter P, which indicates the 
difficulty of the item [1]. It is calculated by the following 
formula: 

                                
i

i
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A
P �                                  (1) 

where: Pi= Difficulty index of item i, Ai =Average scores 
to item i, Ni = Full scores of item i 

For the whole script, the average difficulty index P can be 
calculated by the formula as below: 


�
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1                          (2) 

Generally the average difficulty index P should be 
controlled near 0.7. If P is more than 0.75, it indicates that the 
exam is quite easy. While P is less than 0.45, it indicates the 
exam is rather difficult [2].  
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2) Discrimination. If the test and an item measure the same 
ability or competence, it would be expected that those having 
a high overall test score would have a high probability of 
being able to answer the item. Thus, a good item should 
discriminate between those who score high on the test and 
those who score low. The discrimination index D can be 
calculated by using following formula: 

                               
100

LH PPD �
�                              (3) 

where: PH= Average score for the 27% of those with 
highest test scores, PL= Average score for the 27% of those 
with lowest test scores 

R.L. Ebel gave us the following rule for determining the 
quality of the items, in terms of the discrimination index [3]. If 
D>0.39, the quality of the exam paper is excellent. When D is 
in the 0.30-0.39 range, the exam paper is qualified. If 
0.20<D<0.29, it indicates that the quality of the exam paper is 
passable and has possibility for improvement. The exam paper 
should be discarded if D is less than 0.20. 

3) Reliability. Estimates of reliability (Cronbach’s alpha) 
are at the heart of the quality control process of the 
examination system. For the majority of the examinations 
propounded by teachers these indices tend to be somewhere in 
the 0.60-0.8 range [4]. Cronbach’s alpha can be calculated by 
following formula [5]:  
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  where: k= Total of item, 2
iS = Variance of scores for item 

i, 2
xS  = Variance of scores for script 

3. Results and Discussion  
Based on the data of examination results, frequency 

distribution of scores for overall students is shown in Fig. 1. 
The results indicate that the distribution of examination scores 
approximate to normal distribution. The number of students 
with scores between 70-79 is dominant. But the situation of 
various classes is different as shown in Figs. 2a)-d). Compared 
with other class, the proportion of students in class No.01 with 
scores between 70-79 is relatively most. The frequency 
distribution of scores for class No.02 is more uniform, 
furthermore there is no student with scores more than 90 or 
less than 40. For class No.03, the score of majority of students 
is less than 70. While all of students in class No.04 have the 
score more than 50. The above differences demonstrate the 
levels of various classes are unbalanced though overall 
students listen to this course in the same classroom. 

By comparing the different type questions of the 
examination, it can be seen that its difficulty index P ranges 
from 0.59 to 0.83 (Table 1). The easiest part is multiple 
choices those related with basic concepts, which can be 
understand well by students. Short answer questions, as well 
as general questions, are the most difficult parts. It is 

evidenced that the ability of students for mastering knowledge 
and handle problems is deficient. The difficulty index P of 
exam paper is moderate, therefore it is not difficult for 
students to pass this examination. 

 
Figure 1 Frequency distribution of scores for overall students 
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Figure 2 Frequency distribution of scores for individual class:

a) No.01; b) No.02; c) No.03 and d) No.04 
 

TABLE 1 DIFFICULTY INDEX (P) ANALYSIS OF EXAM PAPER AND RESULTS 

Types Multiple 
choices

Explanation 
of terms

Short 
answer 

questions

General 
questions Total

Score  30 20 30 20 100 

Difficulty   0.83 0.70 0.59 0.59 0.69 

Quality easy median median median median 

 

Analysis of the discrimination index D of four classes for 
the examination results shows that these range from 0.24 to 
0.34 (Table 2). According to Ebel’s rule, the exam paper is 
qualified in general. The discrimination index of scores is 
much less for relatively concentrated distribution such as the 
situation of class No.03 and 04 (seen in Fig. 2). All standard 
deviation of scores are less than 15, and the changes of those 
have the same trend with the discrimination index. The 
discrete degree of examination results is suitable combined 
with discrimination index and standard deviation [6]. The 
average scores for individual class also show that there is a big 
gap among four classes, which may be related with the ethos 
of study. However, it is clear that not all the students answered 
the same question about theme areas, so that although this 
comparison is not exact, it is closely approximate. 

The exam paper of materials research methods course 
includes twenty-three items. Reliability (Cronbach’s alpha) 
was estimated according to equation (4). The quality of the 
exam paper is proved to be good by the result of ��0.75. 

 

 

TABLE 2 DISCRIMINATION INDEX (D) ANALYSIS OF EXAMINATION RESULTS 
FOR DIFFERENT CLASSES 

Class No. 01 02 03 04 Total

Average score 71.5 65.5 64.0 73.0 68.7 
Standard 
deviation 14.5 13.2 12.5 9.65 13.1 

Discrimination 0.32 0.34 0.28 0.24 0.31 

Quality qualified qualified passable passable qualified 

 

4. Conclusions  
The statistical analysis of the examination results of 

materials research methods course was carried out. Several 
parameters for the exam paper including difficulty P, 
discrimination D and reliability 
are 0.69, 0.31 and 0.75, respectively. The results indicate that 
the distribution of examination scores approximate to normal 
distribution. It is noted that there is a big gap among four 
classes. Difficulty of the exam paper belongs to median level, 
and discrimination of this is qualified as well as reliability. 
Thus it was concluded that the design of the examination 
paper was good and dependable. 
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Abstract—Civil engineering educational circles have 
always been focusing on the professional qualities and 
cultivation of civil engineering students, which is also 
problems in civil engineering teaching. In the beginning of 
professional course teaching, the author introduced an real 
project accident and specially emphasized that responsibility, 
teamwork, seriousness, carefulness, comprehensively applying 
of knowledge, working in accordance with codes are 
considered as quality requirements of civil engineering 
students. This teaching thought is carried out through the 
whole teaching process, which brings deep impression to 
students and good teaching effect. The teaching thought is 
introduced in this paper. 

Keywords- civil engineering, quality, project accident 

1. Introduction  
The basic task of engineering education in colleges and 

universities [1] is to make students accept systematic theoretical 
knowledge of science and engineering, practice and learn basic 
skills and be equipped with essential qualities that an engineer 
should have when they graduate from school. Civil engineering 
specialty training goal in Lanzhou University[2] is cultivating 
innovative talents which possesses strong mechanic and 
engineering theory foundation, have the ability to participate in 
civil engineering project of scientific research, planning, design, 
construction and management, suffice to be engaged in 
research, technology or management work in department of 
research, design and management in the field of building 
construction, underground engineering, roads and bridges and 
be capable of strong ability in engineering practice and 
preliminary scientific research. Lanzhou university civil 
engineering specialty offers courses of "masonry structure" in 
the second semester of the third year and it’s also the first 
professional course. At this time, students’ study time in school 
has passed more than half, and they have mainly completed the 
foundation courses like mathematics and mechanics, and 
achieve a status change from students to engineers which they 
will obtain in practical work. Therefore, the aim of professional 
teaching is not only to impart knowledge, more important is to 
cultivate student's quality and enhance work ability. Hence, 
how to raises the students' quality is a problem that must be 
paid close attention by civil engineering professional teachers. 
The author has undertaken teaching work of "masonry 
structure" course since 2004.In the first class, by an 

engineering accident as background, the quality civil 
engineering students should have and the problems caused by a 
lack of professional quality was introduced. And this will be a 
reference for engineering teaching fellows. 

2. Engineering Accident Situation  
A. General situation

August 13, 2007, the dixi tuojiang bridge which was under 
construction in fenghuang county, Hunan province, produced 
special major collapse,64 people killed and 4 seriously injured, 
causing a direct economic loss of 39.747 million Yuan[3]. 

The dixi tuojiang bridge started in March 12, 2004, and the 
planned working period was 16 months. The bridge, which 
connected fenghuang county in Hunan province and tongren 
daxing airport in Guizhou province, is one of the important 
controlling engineering of the fengda Highway projects. The 
bridge, a kind of multiple-arch stone one, is 328.45 meters 
length, 13 meters width of bridge deck, 33 meters high of 
bridge pier, and the bridge type is a 65 meters span with four 
holes, uniform section, catenaries, hollow and no hinge arch 
bridge. 

When the accident happens, the masonry of abdomen arch 
ring, side wall and the stuffing on arch has basically completed, 
the work of dismantling scaffold was near the end. The bridge 
was planned to be completed in the end of August, and be open 
to traffic in September 20, 2007, which would be a tribute for 
xiangxi autonomous prefecture celebration of 50 years.  

The bridge constructional enterprise is xiangxi autonomous 
prefecture fengda highway construction Co., LTD. (referred to 
as Fengda Company), belongs to the people's government of 
xiangxi autonomous prefecture, and is a wholly state-owned 
company. The design and geological exploration unit is 
Huagang design institute, ownership by the whole people, 
belongs to Changsha University of Science and Technology, 
and has class A project design certificate and engineering 
survey certificate in Highway industry. The construction unit is 
Hunan Road &Bridge Construction Group Company (referred 
to as Road &Bridge Company), a wholly state-owned large-
scale enterprise, has qualification certificates like highway 
engineering construction general contracting super certificate. 
A level 2 institution of Road &Bridge Company, the seventh 
road company takes charge of the specific construction tasks of 
the dixi tuojiang bridge. The construction supervising unit is 
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Hunan jinqu traffic consultation and supervision Co., LTD has 
a class A qualification of highway engineering supervision. 

B. Accident cause
1) The immediate cause of the accident

The construction material of bridge main arch ring can’t 
meet with the requirements of design and standard 
specification; Construction process of the upper structure of 
arch bridge is not reasonable; and construction quality of main 
arch ring is poor, which reduces the integrity and strength of 
arch ring masonry. With the load on the arch increasing, 3 to 4 
meters wide range of the main arch ring, close to abutment zero, 
and which belongs to No.1 bridge opening, scilicet, the fee of 
No.2 abdominal arch became invalidated, as masonry strength 
reached their limit of failure. Affected with multiple arch 
actions, the whole bridge collapsed quickly. 

2) The primary reason of the accident

First of all, the construction unit changed the arch ring 
construction plan without authorization. The mismanaged 
construction site and illegal use of construction materials gave 
rise to the result that the construction of main arch ring do not 
meet building code requirements, and the main arch ring did 
not reach the design strength before the scaffold was 
dismantled. 

Second, the project management of the bridge 
constructional enterprise was in disorder, and it failed to 
seriously supervise and urge construction unit to put them right 
when the construction quality problems were discovered. The 
bridge constructional enterprise lined up with the construction 
unit altered the construction plan of main arch ring without 
authorization. Furthermore, the bridge constructional enterprise 
blindly adopted inverted arrangement for the sake of driving 
time limit for the project, and was in command of construction 
beyond its authority, even if asking supervisor not to inspect on 
the bridge. 

 Third, the construction supervising units failed to stop the 
construction unit to alter construction plan of the main arch 
ring, and cannot effectively supervise and urge construction 
unit to correct quality problem of main arch ring. When the 
main arch ring laying completed, it signed acceptance of the 
project before strength material detected. 

Fourth, the design and geological investigation unit 
illegally subcontract exploration projects to individual, which 
generated that the design depth of geological survey was not 
enough, and that the field service and technical interpretation 
of design intention is poor. 

Fifth, the traffic quality control department severely 
neglected its duty of project quality supervision. 

Sixth, two different level of government, xiangxi 
autonomous prefecture and Fenghuang County, coupled with 
relevant departments of Hunan province failed to effectively 
exercise supervision in project approval , bidding , quality and 
safety production. Autonomous prefecture government asked 
to drive time limit of the project in order to tribute to xiangxi 
autonomous prefecture celebration of 50 years. 

3) Treatment of the person liable

In the accident, twenty-four people obtained punitive 
sentences by judicial authority, and thirty-three people received 
disciplinary sanction of party and political accordingly. As for 
the construction and supervising unit, the person liable had 
their professional qualifications and post certificate revoked. 

3. Qualities Required for Civil 
Engineering Students  

It can be seen form the above accident that people engaged 
in civil engineering or even the all major in engineering should 
have such professional quality as follow.  

C. Strong sense of responsibility
Heartbreakingly, such a serious accident could have been 

prevented thoroughly. As is known to all, Zhao Zhou Bridge, a 
typical stone arch one, which was built in Sui dynasty, has a 
history of 1400 years, and can still play traffic function role. As 
for dixi tuojiang bridge, just a normal stone arch one, it has few 
technology problems to overcome to build, in the condition that 
we have far more advanced engineering technology than the 
ancients. The involved engineering construction units and 
staffs lacked the sense of responsibility, even committed 
dereliction, which would take account for the disastrous 
accident. In the project, the construction unit constructed the 
bridge with a breach of securities rules, and the site 
management was in disorder; the bridge constructional 
enterprise blindly adopted inverted arrangement for the sake of 
driving time limit for the project, even if asking supervisor not 
to inspect on the bridge; the supervision unit signed acceptance 
of the project before inspection; the design and geological 
investigation unit illegally subcontract exploration projects to 
individual, which generated that the design depth of geological 
survey was not enough; quality control department severely 
neglected its duty of project quality supervision; and the 
government calls for driving time limit. Therefore, all involved 
in the project have not performed their duty well. If any side 
can operate according to the most basic requirement, such 
serious accidents could have been avoided. 

The accident is painful, consequences are severe, and the 
lesson is profound. The result of the accident is that twenty-
four people obtained punitive sentences by judicial authority, 
thirty-three people received disciplinary sanction of party and 
political accordingly, and the person liable had their 
professional qualifications and post certificate revoked. Thus, 
what the civil engineering students most need to brand on their 
mind is a revering attitude toward project and a strong sense of 
responsibility, in spite of what kind of work they will be 
engaged in after graduate, such as survey and design, 
construction, engineering supervision, civil servants that work 
on quality supervision and administration, or further study. The 
quality requirement is not only for students major in civil 
engineering, but also for students in all specialties. Only each 
of us does our duty, can we reduce engineering accidents and 
build a harmonious society and achieve sustainable 
development. 
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D. Good team work spirit
The project involves construction unit, constructional 

enterprise, engineering supervision unit, design and geological 
investigation unit, the quality supervision departments and 
related government departments. Each performs its specific 
tasks, not a single one can be omitted. Entrusted by the 
construction unit, the geological investigation unit takes 
responsible for geotechnical engineering, and accomplishes 
"geotechnical investigation report ". The design unit completes 
design effort of proposal, preliminary design and construction 
drawing, delivers the design drawings, and coordinates site 
work, according to requirements of constructional enterprise, 
the relevant regulation of the state and "geotechnical 
investigation report ". The construction unit will complete the 
construction work in the light of design drawings. The 
supervision unit which is entrusted by the constructional 
enterprise needs to supervise the quality, progress, safety, and 
environmental protection of the whole process. As for the 
relevant government departments conduct the examination, 
approval and management of project, on the basis of relevant 
regulation of the state. Therefore, in addition to self-
construction house in town, none of project can be finished by 
any signal unit of above.  

In any unit involved in construction, it is also impossible to 
finish a project by a signal man. Take construction unit for 
instance, it needs workers and engineer technicians who major 
in bridges, electrical, engineering economic etc. to cooperate 
with each other to complete the project. As for workers, it also 
consists of concrete worker, reinforcing steel bar worker, 
scaffolder, carpenter, electrician, welder et al. Consequently, 
unlike traditional scientific research, civil engineering requires 
people in different specializations cooperate with each other. 

 For this reason above, team work is one of the most basic 
requirements to engage in engineering construction. Hence, we 
should develop a good habit of cooperation and the ability of 
communication and coordination, which is not only essential 
for civil engineering staff, but also for researchers and teachers.  

E. Careful and detailed work style
The difference between specialized course and basic course 

is that specialty learning doesn’t need to do numerous exercises 
and also skills to solve problems. The requirement of major 
study is a serious and careful attitude which is capable of 
considering various indispensable factors, not allowed 
speculate, and must ensure to do right, rather than wrong. 

The reason of such requirement is very simple that the 
purpose of specialty learning is to engage in the practical 
project, for which the most basic request is security and 
economy. In actual work, you may have lapses, but not errors, 
and never serious mistakes. 

 The accident was, so to speak, caused by sloppy and 
unsubtle work. It is a common sense for engineering 
construction that construction material should be carefully 
detected and qualified according to building code before 
applying, but the project failed to do that, at least not seriously. 
Laying work should be operated according to the construction 
standard and working procedure, which also failed to 
implement, so does the supervision unit, design and geological 

investigation unit, and the quality supervision department. 
Thus, a series of such mistakes eventually led to the grievous 
accident. 

Ensure to do nothing wrong is the most basic request, but 
also a very high demand. From elementary school, high school 
to college, we paid less attention to the result of school 
assignment. As for examination, even though the result was 
poles apart, we can still obtain an appropriate score owing to 
the process of problem solving. Unlike examination, such thing 
is forbidden in project. For instance, if a single beam or a pillar 
which was originally insufficient in bearing capacity was 
proved to be qualified because of miscalculation, it would lead 
to engineering accident as the result was accepted by 
construction unit. A little error between original data and 
design procedure may lead to a large discrepancy, so each data 
and each a conclusion must be right in actual engineering. In 
author's specialized course teaching process, the examination 
was set in practical engineering on that account. When marking, 
the most important is the result in spite of considering process, 
which was intended to cultivate student serious and careful 
work style. 

F. Ability of comprehensively applying of knowledge
According to the immediate cause of the accident, the 

project involved many engineering concepts, such as masonry, 
tectonic, construction process, the arch ring, abdomen arch, 
arch feet, abutment, load, integrity, strength, failure limit and 
multiple arch effects. The knowledge that was referred to 
include specialized course content of "civil engineering 
construction " and "bridge project", as well specialized basic 
course point of "civil engineering materials " and "load and 
design method", and even as far as content involving "civil 
engineering drawing", "civil engineering surveying", "civil 
engineering geological", "supervision of project construction", 
"project management", mathematics and mechanics. Therefore, 
the essential knowledge of engineering is highly abroad, and 
students are required to not only master the basic knowledge, 
but also be capable of comprehensively applying all kinds of 
knowledge to solving engineering problems [4]. 

Although every course is important, any course alone can't 
solve engineering problems. Take architectural structure design 
work for example, in terms of mathematics and mechanics, the 
designer should be familiar with the characteristics of all sorts 
of structure forms, chose economic and suitable one and 
conduct structure arrangement with wonderful skill, and can 
also carry on computational analysis of engineering accurately 
and efficiently so as to map out plans in time. In the design 
process, the requirement of architecture and equipment and the 
feasibility of project costs and construction technology should 
also be taken into consideration. On the side, since the design 
work is usually accomplished by a large amount of different 
designer from one or more units, the designers ought to 
communicate with the constructional enterprise, the 
construction unit and even supervision unit and project quality 
supervision unit through design and construction process. 
Hence, the designers need to deal with communication and 
coordination work, which requires them to master a certain 
stock of knowledge in management and humanities and social 
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science. Therefore, civil engineering students must develop the 
ability of comprehensive application of all kinds of knowledge. 

G. Developing work habits in the light of standard
The immediate cause of the accident is that the construction 

material of bridge main arch ring can’t meet with the 
requirements of design and standard specification. So civil 
engineering survey, design, construction and supervision must 
comply with standards and design requirements [5]. 

 When learning basic courses, students know little about 
standard, but it will be frequently used after being engaged in 
actual work. All aspects of project construction must be carried 
out in accordance with relevant construction standard. For 
instance, geological exploration must follow survey standard; 
design work must comply with design code. So the process of 
conducting practical engineering is also, as it were, the process 
of making use of standard.  

To a certain extent, civil engineering study can also be 
considered as a standard learning process. Mathematics and 
mechanics, as represented by the basic course, is the foundation 
of specialized course and specialized basic course, also the 
elementary knowledge that is necessary to master the standard. 
The teaching work of such course is directly designed to serve 
practical engineering, and its content must conform to current 
code. Therefore, when the old standard is canceled and the new 
one is put into practice, the teaching work should be according 
to the new standard even if the teaching material has not been 
updated, otherwise, it is irresponsible for students. 

In the process of learning and employing standards, some 
standard provisions are found not reasonable up to a point and 
even different and contradictory in different standards, which 
require us not only to comply with the standard, but also 
understand its purpose and essence, and flexibly apply the 
standards to deal with practical engineering problems. 

The scientific research of civil engineering in our country is 
extremely rich, but only a few of which can be applied to 
engineering and really produce social and economic benefit. 
And what are widely used are those researches which are 
mature, reliable, economic and reasonable, and also included in 
standards. So from this perspective, the purpose of scientific 
research is to study the standard, and provide technical 
accumulation for the standard revision which conducts every 
eight to ten years. 

Consequently, whether civil engineering graduates in the 
future will be engaged in engineering work, such as 
construction, design, supervision and management or devote 
them to teaching and scientific research, learning and working 
in accordance with standards is still one of the most basic 
requirements.  

4. Conclusions  
Civil engineering education should especially pay attention 

to cultivating qualities of responsibility, teamwork, seriousness 
and carefulness, comprehensively applying of knowledge, 
working in accordance with codes. If we can put them into 
practice, the serious accident of dixi tuojiang bridge should 
have been avoided, as well as other accidents. From this project 
accident,  author introduced qualities requirements of civil 
engineering students, carried it out through the whole teaching 
process, and achieved good teaching results. Nevertheless, the 
work that the author has done is limited, there's still much to do 
about quality education of civil engineering. It is expected that 
civil engineering colleagues will find out better quality 
education methods and cultivate excellent engineering talents 
by further innovating, exploring and meriting from each other. 
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Abstract—In mineral processing engineering disciplines, 
flotation, as a primary beneficiation method, is performed on 
the basis of surface chemical properties of minerals and rocks. 
The surface chemistry of minerals and rocks can be artificially 
changed to achieve minerals flotation separation. Thus 
chemistry plays a very important role in mineral processing 
engineering disciplines. Analysis shows that inorganic 
chemistry, organic chemistry and physical chemistry are all 
required courses for undergraduate students majoring in 
mineral processing engineering. Analytical chemistry and 
further quantum chemistry for advanced talent training at the 
graduate education level are necessary. Chemistry lays the 
foundation for realizing resource use in efficiency, integration 
and cleanliness, and plays a significant role in wastewater 
recycling, zero discharge and environment protection. 
Emphasizing chemistry education and improving chemistry 
expertise are an important guarantee for environment 
protection and sustainable development of mineral resources 
exploitation and utilization. 

Keywords- chemistry education; mineral resources; 
mineral processing; talent training 

1. Introduction  
In the process of development and utilization of mineral 

resources, the principle of mineral separation and concentration 
is based on the differences in the physicochemical properties of 
useful minerals and gangue minerals. Such physicochemical 
properties are mineral specific gravity, magnetic, electrical, and 
surface chemical properties, and correspondingly the mineral 
separation and enrichment methods consist of gravity 
concentration, magneto-electric beneficiation, flotation, 
respectively, which are applied in a fairly small area because of 
the limitations imposed by the difficulties in changing mineral 
specific gravity, magnetic and electrical properties. However, 
the artificial change in mineral surface properties can be 
achieved, thus flotation has been widely used in mineral 
processing engineering, so to speak, all mineral separation and 
concentration can be operated by flotation method. 

It is universally accepted that chemistry is an important 
and basic subject for mineral processing engineering 
disciplines because flotation process, the theoretical basis of 
which is chemistry, is widely used in mineral separation and 

enrichment. As a primary mineral processing method, flotation 
itself is the application of chemistry in mineral processing 
engineering disciplines. Therefore, chemical education plays a 
very important role in the theoretical education of mineral 
processing engineering disciplines. 

Minerals and rocks are naturally formed in nature, with a 
fixed composition of the solid compounds. Mineral surface 
properties are different due to different compositions and 
metallogenic conditions, and even the same composition of 
minerals will have different surface properties because of 
different mineralization location and metallogenic conditions. 
With regard to the flotation separation of minerals, there are 
some similarities in different mineral surface properties. The 
similarities and differences of surface properties between 
minerals and rocks, minerals and minerals, rocks and rocks 
serve as a basic principle for flotation separation and 
enrichment of these minerals. In flotation engineering, the 
surface properties of minerals and rocks can be artificially 
adjusted and changed as needed, thereby expanding the 
difference of the surface properties between minerals separated, 
to achieve effective separation between the minerals[1]. 

Chemistry is a basic course that students need to learn from 
junior high school and it remains to be a compulsory course for 
the doctoral students in mineral processing engineering. Even 
the high-level professionals and professors specialized in 
mineral processing engineering keep studying Chemistry. 
Since flotation and Chemistry cannot be separated, there is 
always more Chemistry knowledge to study for flotation. How 
profound the chemistry is; how esoteric the flotation will be. 
Chemistry education is one of the foundations in training 
talents of mineral processing engineering, with different levels 
of talents corresponding to different levels of chemical 
education. Only the importance is attached to chemical 
education, can talent training in mineral processing disciplines 
be well realized. 

2. Flotation is the Application of 
Chemistry in Mineral Processing 
Engineering  

Inorganic chemistry is the most ancient subdiscipline of 
chemistry, studying elements, simple substance and source, 
preparation, structure, nature, change and application of 
inorganic compounds. The object of flotation is mineral rock, 
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the inorganic substance indeed, the mineral surface properties 
of which are determined by the structure and nature of the 
mineral itself, thus the study of mineral surface nature can not 
be separated from the study of the mineral internal composition, 
structure and nature. The study of minerals and rocks covers all 
areas and contents of inorganic chemistry, making inorganic 
chemistry a required course for students in mineral processing 
engineering. 

As a remarkably important branch of chemistry, organic 
chemistry, also known as the chemistry of carbon compounds 
study the structure, nature and preparation of organic 
compounds. Carbon compounds are called organic compounds 
because the previous chemists maintained that carbonaceous 
material cannot be created but by organisms. However, in 1828, 
since the German chemist Friedrich Weller, successfully 
synthesized urea (a kind of biological molecules) in the 
laboratory, organic chemistry has gone far away from the 
traditional scope of the definition, expanding as the 
carbonaceous materialthe chemical. Mineral flotation is 
achieved by changing the hydrophobicity of the mineral 
surface, while the increase in mineral surface hydrophobicity is 
operated by adsorbing on mineral surface with heteropolarity 
molecules containing alkyl, which are typical organic matter 
molecules, concerned in the study of flotation agents like 
collector agent, foaming agent, covering a wide range of 
organic chemistry. Hence organic chemistry is also a required 
course for students in mineral processing engineering. 

The contents of physical chemistry can be roughly 
categorized into three aspects: macroscopic equilibrium 
properties of chemical system, microstructures and properties 
of chemical system and the dynamic nature of chemical system. 
Taking three fundamental laws of thermodynamics as the 
theoretical basis, the first aspect studies the macroscopic 
chemical system’s balanced physicochemical properties and 
regularity in the gaseous, liquid, solid, dissolved, and the 
highly dispersed states. The physicochemical subdisciplines 
including chemical thermodynamics, solution, colloid and 
surface chemistry belong to this aspect. Theoretically based on 
quantum theory, the second aspect studies the structure of 
atoms and molecules, the space structure of atoms and 
molecules at the bulk phase of objects, the surface structure, as 
well as the regularity of the structure and physical properties. 
The physicochemical subdisciplines including structural 
chemistry and quantum chemistry belong to this aspect. The 
third aspect studies the velocity of the chemical changes and 
change mechanism in the system process caused by the 
perturbation of the chemical or physical factors. The 
physicochemical subdisciplines including chemical kinetics, 
catalysis, photochemistry and electrochemistry belong to this 
aspect.  

With rich connotation and broad extension, physical 
chemistry covers all aspects of flotation such as mineral rock, 
slurry solution, organic molecules, the interaction between the 
gas medium in froth flotation with the mineral, etc. Physical 
chemistry is a critical course in mineral processing engineering 
disciplines, with the time allotment of most class hours in two 
semesters set in the undergraduate curriculum. Physical 
chemistry study is directly related to the flotation study. 
Physical chemistry is also a compulsory course for the 

postgraduate entrance examination of mineral processing 
engineering disciplines. 

The main contents of analytical chemistry include the 
material element, the qualitative analysis of the group, 
quantitative analysis of the quantity of each ingredient or 
substance purity; the structure and three-dimensional analysis 
of spatial arrangement of the molecules formed with matter 
atoms. The object of study ranges from a single quality to a 
complex mixture and macromolecular compounds, from 
inorganic to organic compounds, from low molecular weight to 
high molecular weight. Samples may be gaseous, liquid and 
solid. Sample weight falls into the scope of 100 grams above to 
mg or below. Determination of residue proposed by E. Wesson 
Berg in 1931 specifies that only 10 micrograms of samples 
belong to the analysis of ultramicro amounts. The instruments 
used range from the test tube to the advanced instruments 
attached with automation equipment and computer program 
control, recording and storage. Analytical chemistry is based 
on fundamental chemical theory and experimental techniques, 
absorbing the knowledge of physics, biology, statistics, 
computer and automation to enrich its content, which aims to 
solve various problems of scientific and technical analysis. As 
for mineralized rocks, solution, organic and inorganic agents, 
mineral processing raw materials and products involved 
mineral processing engineering disciplines, their qualitative or 
quantitative description will not be achieved without analyzing 
and detecting. Instrumental analysis and detection in theory 
research process is indispensable to study and understand the 
behavior mechanism of mineral processing. Therefore, Mineral 
processing is closely related to analytical chemistry. The 
curriculum of mineral processing engineering disciplines 
requires systematical study of analytical chemistry at the 
undergraduate or graduate level. 

Being more detailed chemical branch directions than the 
four chemistries above, structural chemistry, polymer 
chemistry, complex chemistry, electrochemistry, quantum 
chemistry, will be involved to varying degrees for specific 
content and purpose during the study of mineral flotation. In 
order to make a closer combination of chemical and mineral 
processing engineering disciplines, the curriculum at the 
graduate level offers a flotation surface chemistry, the 
chemistry of the flotation reagents, flotation electrochemistry 
and flotation solution chemistry. 

Although a lot of chemistry courses are set up in different 
stages of mineral processing engineering disciplines, covering 
almost all the contents of the field of chemistry, it is still a long 
way to go with respect to in-depth study and understanding of 
flotation. Mineral flotation has greatly developed by now, yet a 
lot of flotation theories remain unsolved and the level of 
flotation process calls for improvement. To further strengthen 
chemical education and mineral flotation chemistry research is 
significantly essential for the development of mineral flotation. 

3. Chemistry Education in Talent 
Training at All Levels  

In the case of secondary and vocational education aiming to 
train skilled workers, the students are mostly junior and senior 
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high school graduates with quite limited fundamental chemical 
knowledge and especially the junior high school students can 
simply understand the preliminary chemical phenomena. Thus 
the instruction of mineral processing expertise requires the 
supplement of chemical knowledge necessary for flotation 
technology either by integrating it into the learning of expertise 
or offering an independent basic chemistry course. Students 
must understand and master the basic chemical knowledge 
demanded in flotation technology before professional courses 
of flotation technology is efficiently carried out and students 
really master the technical knowledge of mineral flotation. 

In the case of specialty education and undergraduate 
education targeting production technology management and 
application, the curriculum system has considered the 
importance of the chemistry for mineral processing engineering. 
Inorganic chemistry, organic chemistry and physical chemistry 
are all required courses, holding a large share of class hours in 
the basic specialty curriculum. After systematically learning 
chemical knowledge, students have been able to thoroughly 
understand chemical problems in mineral flotation, but also 
better master the theory of flotation and flotation process 
expertise while learning flotation professional courses, and 
employ learned chemical knowledge and flotation theory based 
on the changes in the nature of the ore, to analyze and solve the 
general technical problems in the production technology 
management and application process. 

In the case of graduate education directing at scientific 
research, in order to enable students discover and resolve 
production technical problems, to equip them with capability of 
independently undertaking scientific research in the field of 
mineral processing engineering, analytical chemistry is further 
required to learn on the basis of inorganic chemistry, organic 
chemistry and physical chemistry at undergraduate education. 
Learning of analytical chemistry enable graduate students to 
master the conventional analytical techniques, to master the 
modern detection methods used in scientific researches, to 
discover, analyze and study test data, results of researches, 
finally solving scientific and technical issues. In case of 
doctoral students, so as to strengthen their knowledge of the 
mechanism of mineral flotation and cultivate their innovative 
spirit and awareness, they are expected to study quantum 
chemistry to explore mineral flotation at the level of electrons, 
atoms, molecules, after a quite sound grasp of organic 
chemistry, inorganic chemistry, physical chemistry and 
analytical chemistry. 

Seen from the discussion above, flotation is closely bonded 
to chemistry as a part of applied chemistry. It is hard to 
imagine the technique application and development and 
theoretical research of flotation for both technical workers and 
flotation-exploring doctoral students without the foundation of 
chemistry. As a basis for flotation which is the vital method in 
mineral processing engineering, education of chemistry is 
extremely significant mineral processing engineering 
disciplines. 

4. Attach Importance to Chemistry 
Education in Mineral Processing 
Engineering Disciplines  

Since mineral resources are unsustainable, resource 
depletion has become one of the important issues constraining 
social and economic development with the continuous 
development and utilization, thus mineral resources 
development and utilization must adhere to the principle of 
efficient use. In fact, the development and utilization of 
advanced technology of mineral processing props up the 
efficient utilization of resources. Flotation is the crucial method 
in mineral processing, and it is on chemistry that flotation is 
based. Recycling and utilization of mineral resources is indeed 
employing chemical technology or surface chemical 
technology. Only great emphasis is attached to chemistry 
education in mineral processing engineering disciplines, can 
the quality of talent be improved radically and the fundamental 
problem of efficient utilization of mineral resources be solved 
from the source. 

Out of exploitation, a variety of paragenetic and associated 
resources in complex nature bring lots of difficulties to their 
separation and enrichment. In order to realize the 
comprehensive utilization of resources, any valuable minerals 
should be recycled. At this time, the technologies, related to 
chemistry indeed, including the physical and chemical 
properties of these minerals, chemical change of the various 
minerals’ nature and enlargement of attribute distinction from 
one another become important research projects of processing 
and engineering disciplines. Therefore, Chemistry in mineral 
processing engineering disciplines determines the 
comprehensive utilization of mineral resources. Accordingly, 
only great emphasis is attached to chemistry education in 
mineral processing engineering disciplines, can the quality of 
talent be improved radically and the fundamental problem of 
efficient utilization of mineral resources be solved from the 
source. 

Mineral resources were formed naturally, containing 
components beneficial to human society as well as harmful 
components. In the process of recovery and use of mineral 
resources, while efficiently and comprehensively recycling 
useful components, dealing with the harmful ingredients is one 
of the tasks in mineral processing engineering disciplines. Only 
by handling hazardous components and making the useless 
components remained during and after mineral processing 
harmless to human and society, can the clean utilization of 
mineral resources be achieved. The handling of hazardous 
components necessitates knowledge of these components’ 
nature, and then application of chemical and physical methods 
for separation and harmless treatment, which are closely related 
with chemistry, so clean use of mineral resources can not be 
separated from the chemistry. Chemistry education is required 
in mineral processing engineering disciplines for clean 
utilization of mineral resources[2]. 

Mineral processing mostly involves ore pulverizing, 
dissociating useful minerals from gangue minerals, which is 
chiefly conducted in the water, leaving wastewater discharge to 
be the important issue affecting the environment. Today's 
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mineral processing engineering calls for zero discharge of 
wastewater to ensure that wastewater does not impact on the 
environment. Zero discharge of wastewater necessitates 
wastewater recycling and reuse that will bring problems 
affecting the beneficiation technical indexes, which should be 
avoided as much as possible by studying the nature of 
backwater and even appropriate chemical treatment involving 
chemical knowledge. Hence wastewater’s impact on the 
environment and wastewater reuse treatment are directly 
related to chemistry. The environmental problems brought by 
mineral processing calls for emphasis to chemistry education in 
mineral processing engineering disciplines[3]. 

During mineral processing, sustainable development of 
mineral resources development and utilization can be achieved 
if we can fulfill efficient, integrated and clean use of resources, 
wastewater recycling and zero discharge, all of which are 
closely related to chemistry. Therefore, chemistry is so 
important in mineral processing engineering that chemistry 
education becomes an essential requirement in this field. 

5. Conclusion  
 (1) The widely used flotation is actually a branch of 

applied chemistry in mineral processing process. All kinds of 
chemistry will be involved in various aspects of flotation: study 
of mineral rock is relevant to inorganic chemistry and crystal 
chemistry; the interaction between slurry solution and mineral 
surface and the slurry solution properties are associated with 
the physical chemistry; mineral collector agent and agentia of 
foaming agent are related to organic chemistry; the analysis of 
the properties of minerals and rocks, solution and agents, and 
product examination and testing cannot be done without 
analytical chemistry. Additionally, the in-depth study of 
flotation theory and the revealing of the nature of flotation call 
for further knowledge of quantum chemistry, electrochemistry, 
structural chemistry, complex chemistry, etc. Chemistry plays 
an extremely important role in mineral processing engineering 
disciplines. 

(2) The talent training in mineral processing area should be 
conducted in accordance with students’ aptitude and their 
fundamental knowledge of chemistry. Major courses should be 
offered, and especially flotation specialized courses are a 
critical factor to improve the quality of talent cultivation. To 
train the high-level professionals like graduate students with 
master and doctor degrees, analytical chemistry and further the 
quantum chemistry should be included in their courses because 
the undergraduate courses like organic chemistry, inorganic 
chemistry and physical chemistry are limited. Their chemical 
knowledge level lays the ground for the study of mineral 
processing expertise. 

(3) Mineral processing engineering disciplines are directly 
connected with the use of mineral resources in efficiency, 
integration and cleanliness and environmental protection, 
which cannot be achieved without the critical knowledge of 
chemistry. Improving the chemistry education and expertise of 
professionals in mineral processing engineering fields is an 
important guarantee for sustainable development of mineral 
resources exploitation and utilization. 
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Abstract—Up till now, the development of mining industry 
in China has followed the road of the overseas introduction 
and absorption, independent innovation and technology export. 
Mere English reading ability can hardly meet the demands of 
high-level professionals to export research achievements. To 
improve the graduate students’ ability to write English 
scientific papers on mining industry has become one of the 
main tasks to cultivate mining engineering professionals. 
Considering the current condition of China’s test-oriented 
education, the mode to efficiently and quickly enhance 
graduate students’ English writing ability of scientific papers 
on mining industry has been proposed, specifically, 
intensively reading high-level English scientific papers on 
mining industry, writing the Chinese version according to the 
requirements of the corresponding English scientific paper, 
rewriting the paper in English based on the Chinese version, 
performing language refinement and polish by experts or 
institutions, finally completing the paper through 
communication and exchange with the experts. 

Keywords- mining engineering, scientific paper, 
cultivation of graduate students, English writing ability. 

1. Introduction  
Mining industry is to be a fundamental one of the national 

economy construction. Since its founding, China has witnessed 
three stages of mining industry development: the beginning 
stage of overseas introduction and absorption, the stage of 
independent self-development and the disseminating stage of 
exporting technology, which have provided the crucial support 
of mineral resources for the national economy and promoted 
the economic and social development of China. 

The exchanges at home and abroad have been conducted 
in different depth and breadth at different stages of mining 
development. The initial stage mainly involves the introduction 
of foreign advanced technology and equipment, and the 

application into domestic mining development and 
employment after digestion and absorption. Mining 
engineering professionals, indispensably armed with high 
reading ability, study abroad, read and absorb foreign scientific 
and technological literature so as to improve the ability to 
apply the advanced technology and to actualize development 
and utilization of mining industry. In the 1950s when the 
development of mining industry of China was at such a starting 
stage, a lot of mining engineering professionals went to the 
Soviet Union to study the expertise in exploitation and 
utilization of ores resources. They played an active and 
important role in developing mining industry in China. 

During the period of 1950s to 1980s when Chinese mining 
industry has underwent initiative and independent development, 
mining professionals carried out their independent 
development and utilization of Chinese mining industry 
applying the science and technology learnt from abroad. 
Mining industry then developed slowly owing to the fairly low 
level of developing and utilizing ores resources, and the 
economic and social development was relatively sluggish 
accordingly. With the implementation of reforming and 
opening policy since 1980s, mining industry has developed fast, 
promoting its exploitation and development of China close to 
the advanced international level over mere 20 years. The 
widely international academic and technological exchange as 
well as mutual or multi-way cooperation has greatly boosted 
the development of mining industry in China. In this period, 
mining engineering professionals should be good at English 
reading and speaking. 

In the first decade of the 21st century, China has seen a 
significant change in mining industry. Energy-efficient and 
environment-friendly development model has become the only 
one of mining developing; science and technology has become 
the crucial factor. The technology of exploiting and utilizing 
ores resources in China has reached to the international 
advanced level, making it an inevitable trend to export our 
mining technology and equipment in the 2020s. Under such 
circumstances, mining engineering professionals not only 
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should be competent at English reading and speaking, but also 
at technical English writing to introduce our latest high-level 
research achievements and technology by publishing high-
quality academic papers. 

Higher requirements of English ability for mining 
engineering professionals have been put forward in the new 
situation. Especially, technical English writhing is a must for 
high-level mining engineering professionals, thus how to 
improve this ability has become an imperative research subject 
for the English education of postgraduates majoring in mining 
engineering 1 . 

2. The Instructional Model to Improve 
Graduate Students’ Ability to Read 
English Scientific Papers  

To improve postgraduates’ English comprehension through 
intensively reading the high-standard English scientific papers 
on mining industry 

The introduction part of an English scientific paper, a 
succinct generalization of the current situation and trend in the 
relevant research field, is vital to the entire writing process, 
calling for plenty of literature reading. Literature reading on the 
one hand enables graduates to know and keep track of the 
research trend, research subject and research level related to the 
paper to be written, so as to ensure the innovation, quality and 
significance of the paper. On the other hand, it can enhance 
reading comprehension of scientific papers written in English. 
The good understanding of English scientific papers lays the 
foundation for writing such papers in an easy-to-understand 
way. 

In order to improve graduate students’ comprehension 
ability of English scientific papers, intensive reading is 
demanded to learn the rather excellent articles in the area of 
mining industry. This process involves reading the citations, 
research method, result discussion and conclusion carefully, 
word for word, understanding each sentence thoroughly and 
grasping the thesis statement, arguments and conclusion. The 
abstract of papers requires repeated reading to master the gist 
of the research content and research conclusion. 

After reading intensively a number of high-level scientific 
and technologic papers on mining industry, postgraduates can 
enhance their ability to comprehend such papers; otherwise, 
mere extensive reading will result in superficial understanding. 
To read high-level scientific and technologic papers lays the 
groundwork for remarkable thesis writing. It is impractical to 
write a high-standard scientific paper in English without the 
deep understanding of relevant literature written in English. 

 To master the English expression of scientific papers 
through intensive reading of high- level English scientific 
papers 

The stylistic structure of scientific papers written in English 
and Chinese are similar, but the thesis statement is a big 
difference. Due to the interference of their mother-tongue, 
Chinese graduate students generally have trouble in the 
statement of English expression. The English learning of 

Chinese graduate students is primarily test-oriented, leading to 
the consequence that their good command of grammar and 
large vocabulary do facilitate academic reading, not language 
production, though, owing to the tough problem of diction, 
tense and subtle grammatical relations when writing. 

Intensively reading high-level English scientific papers on 
mining industry is an effective way to improve writing skills. 
In the process of reading, in addition to understanding the 
meaning of each sentence, understanding and grasp of sentence 
structure and expression pattern are of great importance to 
writing. For reading material, it is better to choose scientific 
papers on mining industry written in standard English by the 
native speaker. To express their ideas using the grammar and 
vocabulary they have originally learnt, Chinese graduate 
students tend to make up some sentences which are misleading 
or even incomprehensible for English native speakers because 
of the polysemy.  

There is norm for writing of scientific papers, chiefly 
involving presentation and discussion of the facts, without too 
much wonderful description, hyperbole, personification and 
other forms. Accordingly, targeting in intensive reading of 
high-level mining scientific papers will enable you to quickly 
master mining technology thesis writing skills, and to advance 
the rapid promotion of the level of English paper writing on 
mining technology. 

 To master the English expression of scientific papers 
through intensive reading of high- level English scientific 
papers 

The stylistic structure of scientific papers written in English 
and Chinese are similar, but the thesis statement is a big 
difference. Due to the interference of their mother-tongue, 
Chinese graduate students generally have trouble in the 
statement of English expression. The English learning of 
Chinese graduate students is primarily test-oriented, leading to 
the consequence that their good command of grammar and 
large vocabulary do facilitate academic reading, not language 
production, though, owing to the tough problem of diction, 
tense and subtle grammatical relations when writing. 

Intensively reading high-level English scientific papers on 
mining industry is an effective way to improve writing skills. 
In the process of reading, in addition to understanding the 
meaning of each sentence, understanding and grasp of sentence 
structure and expression pattern are of great importance to 
writing. For reading material, it is better to choose scientific 
papers on mining industry written in standard English by the 
native speaker. To express their ideas using the grammar and 
vocabulary they have originally learnt, Chinese graduate 
students tend to make up some sentences which are misleading 
or even incomprehensible for English native speakers because 
of the polysemy. There is norm for writing of scientific papers, 
chiefly involving presentation and discussion of the facts, 
without too much wonderful description, hyperbole, 
personification and other forms. Accordingly, targeting in 
intensive reading of high-level mining scientific papers will 
enable you to quickly master mining technology thesis writing 
skills, and to advance the rapid promotion of the level of 
English paper writing on mining technology. 
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3. Extension-Rule Based Theorem 
Proving Method the Instructional Model 
to Improve Graduate Students’ Ability to 
Write English Scientific Papers  

A good English scientific paper on mining industry requires 
perfect language expression, and more importantly, its 
scientific value and academic level. Apparently the academic 
value and level of the paper is fundamental, while the English 
language is the means. It is hard to think in English for Chinese 
graduate students, studying in China, the first language 
environment. The consideration of academic issues and 
language expression in the meantime often leads to the lack of 
logic and incoherence. The better approach is to write a high 
level of a scientific paper in Chinese at first, based on which 
then complete a high-quality scientific paper in English. 

Yet the Chinese scientific paper should be written in 
accordance with the requirements of the English scientific 
paper. A typical scientific paper is composed of title, abstract, 
introduction, methods / experimental procedures, results, 
discussion, acknowledgments and references. Professor Zhou 
Yaoqi, School of Informatics, Indiana University, has put 
forward advisable suggestions about how to write these aspects 
well 2 . A paper starts with the abstract and introduction, but 
Professor Zhou advises to begin from the method and result 
sections, with which the author is most familiar. Besides, the 
subject matter can be determined only if the methods and 
results are better understood.  

Graduate students should start working from the most 
familiar things, just like the readers understanding from the 
most familiar part. With respect of methods or experimental 
procedures, if the paper is concerned with new methods, 
techniques, or algorithms, it requires the detailed and elaborate 
statement and specification in a logical and reasonable way. 
This will help readers grasp the essentials of the new method. 
If the method uses the parameters, every parameter needs 
rationalization, applying the previously used ones, or derived 
from physics or mathematics, or through extensive testing and 
optimization. If the rationality cannot be guaranteed, the 
influence caused by changing it must be described; if the test of 
the rationality is not conducted, the explanation should be 
given. The development of a new research method requires 
various tests. The more tests there are, either collected or 
designed by the author, the more convincing it would be, and 
the more research work will be accepted and applied. 

When graduate students begin to write the results section, 
firstly consider what the results mean. In other words, 
understand the test results from these aspects: whether the 
results tell the more profound things, whether the results could 
be comprehended from many different angles, whether some 
conclusions could be drawn through designed proof or disproof. 
If a new phenomenon is discovered, the result must be testified 
to ensure that it is not forged; it can be reduplicated under 
different conditions. A new method developed calls for 
testifying its importance and improvement comparing with the 
existing method. 

In the results section of the paper, discussion from different 
perspectives or multiple tests are called for to support new 
discovery or to validate the importance of the new method. 
Once the results have been fully analyzed, the thesis statement 
of this paper needs to be decided, proved with supporting 
paragraphs and testified with data. In addition, give up the data 
(even the hard-earned) that have nothing to do with the thesis 
statement. When the sections of the methods and results have 
been completed, the paper writing has already been more than 
halfway to the success. 

2. English writing based on Chinese scientific papers on 
mining industry 

To complete a good English scientific paper, it is not 
enough just to translate directly the completed Chinese version 
into English one. Due to many differences existing between 
English and Chinese expressions, the literal translation often 
fails to achieve good results. Therefore, re-writing the English 
version based on the Chinese scientific paper on mining 
industry is the key to a good English scientific paper on mining 
industry. 

The sentence is the smallest functional unit of the article, so 
sentence writing is the basis of essay writing. The most easily 
understandable sentence is what readers are familiar with, 
which is not possible for scientific papers because only the new 
research will be published. In fact, scientific papers usually 
include a lot of new terminology, so an easily understandable 
sentence should begin with the information that the reader has 
known (or just mentioned), and end with new information with 
a typical smooth transition from the known to the new. Before 
using a concept, the graduate must be clear whether he or she 
has already mentioned this concept or not.  

In a sentence, readers want to see the action verb 
immediately after the subject. For a sentence describing who is 
doing what, readers need to find the verb to understand. If the 
verb and the subject too far apart, reading will be interrupted 
by seeking the verb, causing the sentence difficult to 
understand. 

Readers expect that in every sentence there is only one 
focus which usually comes at the end of the sentence. Each 
paragraph should be about one point. Expressing several points 
of view makes it hard for readers to know the focus and to be 
clear about the writer’s intention. The first sentence of a 
paragraph is supposed to tell the readers about the topic, in 
which case, the reader can skip this paragraph freely. The last 
sentence of the paragraph is expected to draw the conclusions 
or to tell the reader what is about in the next paragraph. The 
sentences should be connected logically from the beginning to 
the end with the flow of old information to new information. 

Graduate students can complete a satisfactory English 
scientific paper on mining industry rewriting sentence by 
sentence and paragraph by paragraph on the basis of its 
Chinese version, in accordance with the English expression of 
scientific papers. 

3. Refinement and polish of English scientific papers on 
mining industry 
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The response to an English scientific paper on mining 
industry submitted to the editorial department of journals and 
magazines often says in the e-mail that “In its current state, the 
level of English throughout your manuscript does not meet the 
journal's desired standard. There are a number of grammatical 
errors and instances of badly worded/constructed sentences. 
Please check the manuscript and refine the language carefully.” 
The editorial department requires the language refinement and 
polish for the paper by some expert or institution. Receipt of 
such notice indicates the existence of language problems in the 
paper. In this case, graduate students are demanded to perform 
the language polish and refinement in accordance with the 
requirements of the editing, either by themselves or turning to 
the help of specialized institutions who know the specification 
of the English scientific papers, language requirements, so as to 
modify the language to achieve the requirements of the 
editorial department. 

4. To re-modify English scientific papers on mining industry 

In the revision process, language experts and specialized 
institutions sometimes put forward some suggestions about the 
manuscript and point out language expression problems which 
cannot be modified. Graduate students should take these 
problems seriously, carefully compare their own English 
expressions and experts’ modification, communicate with the 
experts and make themselves understood. This process is 
important to improve graduate students’ writing ability in 
English. As a result, graduate students are able to figure out the 
reasons why their discourse expounded in the way they take for 
granted doesn’t get across. 

After refinement, polish and re-modification, the paper will 
meet the requirements to be published in terms of English 
language. The writing process and practice of English scientific 
papers on mining industry will also significantly improve and 
enhance the ability of graduate students. 

4. Conclusion  
With the development of mining engineering in China. 

Each stage sets different requirements of English ability for 
mining engineering personnel. Reading ability plays the 
primary role in overseas introduction, absorption and self-
development. Technology export calls for mining engineering 
personnel to be more proficient in English speaking and 
writing, especially in writing of scientific papers on mining 
industry. 

Considering Chinese graduate students’ insufficiency in 
English writing ability resulted from test-oriented education 
mode, their English writing ability of scientific papers can be 
improved by intensively reading high-level English scientific 
papers on mining industry, improving their comprehension 
ability and mastering the expression patterns of such papers. 

In the process of writing an English scientific paper on 
mining industry, it is crucial to rewrite the English paper based 
on its Chinese manuscript. As Chinese differs from English in 
the means of expression, it is undesirable to literally translate 
from Chinese to English. 

After submission, graduate students are supposed to invite 
some expert or institution to make the language refinement and 
polish for the paper according to the requirements of the 
editorial department. This process can quickly enhance 
graduate students’ writing ability in English through 
communication and exchanges with the experts. Thus their 
papers can meet the language requirements of English 
scientific papers on mining industry for publication. 
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Abstract—Foundation treatment is required course of the architectural engineering direction of civil 
engineering specialty in Zhejiang university city college. For students’ characteristics and the problems 
in teaching, learning the engineering education of CDIO model and reforming the assessment criteria 
and the form of homework, 18 extra-curricular additional projects and 14 curricular knowledge 
expansion projects were added in the curriculum. The capabilities of students on teamwork, civil 
engineering design, and communication were developed through teamwork. Through this educational 
reform and practice it, it won the praise of students. 
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1. Introduction  

   Foundation treatment is a required course of the 
architectural engineering direction of civil engineering 
specialty in Zhejiang university city college, and it is also 
the key course of construction projects in our college. In 
the teaching process the following issues were found that: 
(1) Existing materials more content are main classic and 
sophisticated theory, so that it upgraded so slowly. But the 
new techniques and methods of foundation treatment 
continue to appear, so the textbook content can't satisfy 
students' needs for knowledge, and hasten to add new 
extra-curricular knowledge; (2) the students are lack of 
enthusiasm for study. If the teachers adopt the mode of 
teaching and "scripted" spoon-fed ground treatment 
knowledge to their students, it will make student lose 
interest in studying and lack of enthusiasm in learning. (3) 
Students’ skills on teamwork, communication can’t be 
developed under the traditional mode of teaching, but those 
abilities are very important parts of CDIO outline. 

As the new techniques and methods of foundation 
treatment appearing, how to integrate existing curriculum 
content and collect the extra-curricular information which 
can be closely integrated with the engineering practice are 

crucial. After it, student can grasp the knowledge 
efficiently in the limited time, and also improve the 
students' enthusiasm for learning at the same time. In 
teaching practice, CDIO engineering education mode was 
learned and the teaching content were adjusted to supply 
the extra-curricular knowledge, expand curricular 
knowledge, and develop students' teamwork, 
communication capabilities by the form of team projects. 

2. Specific Reform Ideas  

It includes: (1) deepening supplementary items of 
extracurricular knowledge which is original of book report. 
Students hope to participate in the teaching actively in survey. 
So classroom teaching mode was reformed to change the 
mode used by the teacher lectures. Book report tem was hold 
in the classroom since 2009, which is done by students for 
reading report on the latest ground-based approach. 
Meanwhile, because the project needs spending time outside 
the course, it is equivalent to layout operations. Book report 
activities were held 10 times in 2009, 11 times in 2010, 12 
times in 2011 totally. From the reflecting of school and 
students point of view, reporting activity is good and got 
warm welcome from students. The reporting activity will be 
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added up to 18 times in 2012. First, decline the team number 
to reduce the students who fish in trouble water and allow 
more students came to present reporting; second, it enables 
students to understand latest ground-based processing 
technology related to course; (2) add curricular knowledge 
expansion projects. Students express their textbook homework 
is too boring and few students preview the course which suns 
to 14 times. So the expansion project of curricular knowledge 
was proposed instead of homework. It is also a form of 
teamwork, and requires students preview textbooks 
courseware in advance to supply the knowledge and case 
which textbooks doesn’t not say. 

The corresponding outline of the civil engineering 
professional CDIO is “Civil Engineering Major excellent 
engineer training program”. Specific training capacity and 
weight for this course after the reform includes: (1) the ability 
to query information or electronic documents (2 weight); (2) 
explore the field of civil engineering, new problems, new 
development actively (1 point); (3) cultivate teamwork and 
collaboration (3 points); (4) having the organization, 
coordination and leadership (0.5 points); (5) be good at the 
technical division of labor and cooperation, and common 
goals (0.5 points); (6) having the awareness and ability of the 
exchange and communication (1 points); (7) having the ability 
to communicate the use of writing, graphics, electronics and 
multimedia (2 points); (8) adept at verbal expression, to 
organize reports and meetings to exchange (1 point); (9) 
master of civil engineering design principles, processes and 
methods to make comprehensive use of civil engineering 
expertise (5 points) where the full weights is 5 points. 

After the reform, the total score of the “foundation 
treatment course” is composed as follows: (1) named and 
usually performance, accounting for 20 points; curricular 
supplementary item (2), accounting for 10 points; (3) 
extracurricular supplementary item, accounting for 30 points; 
(4) final papers, accounting for 40 points.  

3. Specific Rules for the Operation  

A  Supply extra-curricular knowledge item  

The specific steps are as follows:  
(1) Determine the subject. Not to repeat the same time 

keep up the pace, choose a new foundation approach, to 
enable students to broaden their horizons and expand their 
knowledge and teaching materials. Determine the following 
topics: 1) root piles; 2) the length of pile composite 
foundation (pile of twin); 3) low-strength concrete piles; 4) 
squeezed branch pile; 5) micro-piles; 6) screw piles; 7) Y-type 
and X-immersed tube pile; 8) cased Secant Pile; 9) broken 
Stone Pile (plasma solid gravel pile); 10) cast thin-walled 
cylindrical piles (piles); 11) bored pile grouting technology; 
12) nail-shaped and bi-directional soil cement mixing pile; 13) 
of SMW method; 14) Drainage DJM; 15) Blasting; 16) 
low-temperature freezing (low temperature brine and liquid 
nitrogen The); 17) manual digging pile; 18) bubble mixed 
light soil.  

Arrange a specific time for each subject in a specific 
week at the same time. Extracurricular project subject 
arrangements need to consider the convergence of content and 
teaching materials. For example, “the length of the pile 
composite foundation (rigid-flexible combinations pile)” 
should be reported in the second chapter of the composite 
foundation theory is finished; “outing pile of rubble (pulp 
solid gravel pile)” in the fourth chapter of the deep dense: 
cement fly ash (CFG pile gravel pile), lime pile and the soil 
pile finished report; cement mixing method finished nail 
shape with bi-directional soil cement mixing pile of SMW 
method should be reinforced in chapter 6 chemical after the 
report.  

(2) Grouping of students. Base on the elective list, 
teachers press 2 to 4 pairs are grouped into 18 groups. 
Students need to replace the group may agree, and tell the 
teacher. Then select the team leader by the group members 
themselves, reported to the teacher. Finally, the subject of 
each group needs to determine the specific reporting time by 
the head of the ballot. Then Fill in the information in Table 1. 

(3) Tell students about the project implementation 
methods, requiring a clear member of the division of labor. 

 Teacher uses an example to enable students to 
understand the report content before a case such as the plastic 
casing concrete piles (TC pile) steps. Students get together, 
first discuses topics, and then gather, collate information, 
produce PPT, write text. The report normally includes: the 
principle of this method (the mechanism), scope, design 
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methods, construction techniques, construction procedures, 
machinery and equipment, construction notes, laboratory and 
field tests, projects and methods, quality management and 
inspection methods, cite specific engineering application. 
Meanwhile, we must answer the following questions: 1) why 
is the technology to make; 2) technological innovation point; 
3) advantages and disadvantages of the technology; 4) the 
scope of application of this technology. 

Finally turn over the results of including text and PPT, 
the text format “Rock and Soil Mechanics” papers template 
layout, requiring the complete content, format, complete 
content of the PPT requirements, and beautifully produced. 

 Members of the group came to power using the PPT 
forms (auxiliary video or animation) make a report, display 
text, to introduce students to the latest ground-based approach, 
the time control in about 10 minutes. Introduced after the 
students, teachers ask questions, teachers and students 
together to discuss. Teachers finally conclude our discussion 
of control in about five minutes. The whole event time is 
controlled in about 15 minutes. 

Specific division of the group 3 before class to find 
information, write the text, the production of the PPT. One 
person is responsible to explain the theoretical part, and a 
person responsible for explaining actual case, one person is 
responsible for answering the questions of teachers and 
students in class. (If the team is the group of four people, two 
people responsible for displaying the remaining two people 
assigned by the instructor to answer questions; if the team is a 
2 group, 2 per capita to participate in the show, one of whom 
is also responsible for answering questions). 

(4) Assessment methods. The team project is the most 
difficult assessment methods, such as inappropriate and will 
cause students to muddy the waters into a small number of 
people doing other people robbing, while individual scores are 
difficult to distinguish. 

 Supply items of the extra-curricular knowledge out of 30 
points. Scores of specific composition and scoring criteria are 
as follows: text accounted for 10 points; PPT production 
accounted for 10 points; speech and answer questions 
accounted for 10 points. Specific score consists of three parts: 
1) teachers’ ratings, the weight of 0.4; 2) team self-assessment, 
a weight of 0.3, average limit (� 24 points), while the highest 

score lowest score difference is not less than 5 minutes fill in 
table 2 by the team members, after consultation, sign and 
turned over by the head of the teacher; 3) group peer 
assessment, weight of 0.3. Each member of the other groups, 
complete table 3, the playing team points, signature, and then 
taken by the head of the average, and paid teachers. In this 
way, you can get the team average, combined with the team 
self-assessment, and you can get the scores of each team 
member. For example: the average score of 24 points and a 
team self-assessment, head of the 27 points the rest of the 
team 24 points, 21 points, respectively. Teacher’s score of 20 
points, peer assessment of the other groups were divided into 
22 points. Weights can be the team's average score: 
20*0.4+24*0.3+22*0.3=21.8. The average point of team self 
assessment is lower than 2.2 points, so the head of a score of 
27-2.2=24.8 other team members were 21.8 points, 18.8 
points. The highest score of students will not exceed 30 
minutes. 

 Teachers give students about to clear the entire process 
of project operation in the first class, and all students are 
divided group, a clear report on the subject to report on time. 
Each item in the next class on the publicity results, shown in 
Table 1, so that students know their results. The last lesson, 
summarize the average ranking of all teams, to identify the 
best team (top three) in recognition to motivate students to 
compete. 

B  Curricular knowledge expansion projects 

Its objective: according to the teaching materials by 
students looking for extra-curricular material as a supplement 
other than the teacher lectures to deepen students’ 
understanding of course content knowledge. Requirements 
prior to download courseware learning, not allowed repeating 
with the courseware. 

 The specific operational procedures are as follows: 
(1) Determine the subject. Arrange it for a total of 14 

times, specific topics are as follows: 1) 3rd class-replacement; 
2) 4th class-dynamic compaction; 3) 5th class- rubble pile; 4) 
6th class-pulverized cement gray gravel pile (CFG pile); 5) 
7th class- heap load preloading method; 6) 8th class-the 
vacuum preloading method; 7) 9th class -soil cement mixing 
method; 8) Section 10 sub-class-high pressure jet grouting 
method; 9) 11th class - grouting method; 10) 12th class-civil 
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synthetic materials; 11) 13th class-reinforced earth retaining 
wall; 12) 14th class-anchor and soil nailing; 13) 15 
classes-Underpinning technology; 14) 16th class - 
rectification technology. 

 (2) Grouping of students. Teachers first elective list, 
arrange 3 to 5 pairs, a total of 14 groups, Leader elected by 
the students themselves. Each subject prepared by the three 
groups. The group order to determine the subject of each 
group. Each team for a semester prepares three questions in 
this way. Give students a clear title and report time listed in 
Table 4. 

(3) The division of labor and assessment methods. 
Specific reporting content, the process is similar to the 
extra-curricular knowledge supplementary item, with 
emphasis on actual case. The students work together turned 
over to the group before class text and PPT. 

Classroom time is limited, the general arrangement of a 
group report, so the head of the drawing of lots to determine 
which group came to power before class. Score from the team 
self-assessment (weight 0.4) and teachers' ratings (the weight 
of 0.6) composition. The team self-assessment is done by the 
team members signature, and turned over by the group head 
(see Table 5), and average is limited (to � 8), and the highest 
score lowest score difference of not less than 2 minutes. 

 Teachers, students turned over to the PPT and text, as 
well as the coming to power of the performance of the group, 
given the scores. Combined with the project self-assessment, 
take the average final score of the 3 curricular items project 
team from the results of each member. 

C  Usage of BB platform 

Teachers and students use the BB platform together. 
Teachers upload before a week classes. Extra-curricular, 
curricular projects are uploaded the final students grouping 
list in a timely manner. Student uploads achievement timely 
each time after class. Students advance through the BB 
platform download courseware, preview and make 
appropriate curricular project courseware, you can download 
and learn from others' results. 

D  Other instructions 

(1) The teaching schedule is ready, and arranges the 
items of each class before the first class. 

(2) The first lesson is critical, the project should be 
explained clearly points to the students group to elect the 
leader, determined by the head of the ballot title and 
reporting time. Give good information to each head of hair 
staple. Extra-curricular group include: teaching schedule, 
Table2, Table3, the project implementation manual 
(extracurricular); curricular team includes: Table4 and 
Table5, the project implementation manual (class within). 

 (3) Implementation of the project's biggest challenge is 
the control of teachers' time. From the time a lot of teaching 
materials, how to accurately control the time has become a 
big problem. Accounted for a class project for the allocation 
of time, the general content of textbooks, cases accounted 
for a class, named time can be flexible. Don’t arrange 
extra-curricular projects for much cycles of the curriculum. 

(4) The subject of teaching materials after the reform 
before the operation about one hour each time, a total of 15 
times, namely 15 hours. After the reform, each student needs 
to do four projects (an extra-curricular and curricular), 
which has less time before the reform. 

4. Conclusions  

The student response is very good since 
implementation of project. There were 36 people came to 
report extra-curricular project for each class, and 14 people 
came to power reporting in the curricular project, so almost 
all students have the opportunity came to power exercise. 
The following students’ attention are much focused when 
the students speech on the stage. The activities not only 
improve students’ learning initiative and classroom attention, 
broaden students' knowledge and understanding of the latest 
methods of ground treatment, but also exercise the student’s 
teamwork, independent learning, and writing text, the 
production of PPT and communication ability. 
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Table 1 The list of extracurricular project team and scores table 

Sequence Title Leader, team members Report time/week Teacher score 
Group 
score

Score of 
other team 

Final 
score 

1        

2        

 

Table 2 Teams self assessment form (Extra-curricular projects) 

Group number Score Average mark Signature 

Group leader  
 

 

   

 
Table 3 Other teams score table (set of ratings) 

Group number Score Average mark Signature 

Group leader  
 

 

   

 

Table 4 Curricular project team list and scores table 

Seque
nce 

Leader, team 

members 

Reporting time ( weeks )- 

Title 

Teacher 
score 

Team 

self-ratings 
The final results 

1 
Group leader: 

Group member: 

3 --- Replacement 

7 ---Preloading 

12 --- Geosynthetics 

  
Group leader: (_score), group 
member:     (_score), group 

member (_score) 

 

Table 5 Team self-evaluation form (Curricular projects) 

Group number Score Average mark Signature 

Group leader    
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Abstract—Aiming at shortcomings in the current 
system of practice teaching in high schools especially in 
regional high schools, a system of practice teaching that fit 
current cultivation of practical and innovative talents is 
explored in education. In accordance with the progressive 
regularity of ability cultivation, the system of practice teaching 
is divided into four levels: basic practice, basic experiment, 
advanced practice and comprehensive innovation. And this 
characteristic system of practice teaching is built up to 
cultivate practical and innovative talents in grassroots who can 
meet the requirements of current socio-economic development. 

Keywords- Cultivation of practical and innovative 
talents; Practice teaching; Education reform 

1. Introduction  
In order to speed up the transformation of economic 

development, promote scientific development, build up a 
modern industrial system, promote industrial structure 
optimization and upgrading, improve the ability of innovation, 
and take the initiative in fierce competition of globalization, the 
application of cultivation of practical and innovative talents 
must be accelerated. In other words, we should focus on 
promotion of industry adjustment and economic transformation 
and upgrading. And we should vigorously cultivate specialized 
talents who can transform and upgrade traditional industries 
and develop advanced manufacturing industry, service industry 
and strategic emerging industries. Then we can build up a large 
team of high-quality talents for modern industry. 

Practical ability is the foundation of talent cultivation of 
practical and innovative undergraduate. In the talent cultivation 
of practical and innovative undergraduate in colleges and 
universities, especially in regional colleges and universities, 
practice teaching has been an important part of education and a 
basic teaching link for cultivating qualified talents. Besides, 
practice teaching has a unique affect in ability cultivation and 
comprehensive quality improvement. Via practice teaching, 
students will improve their ability of practice, ability of 
analyzing and solving problems, correct thinking pattern and 
rigorous scientific attitude and style of work [1]. Aiming at 
cultivating talents for social and economy development in the 

new era, it is necessary to carry out new exploration in practice 
teaching system for talent cultivation of practical and 
innovative undergraduate, and continually reform, innovate and 
deepen in the long-term process of teaching practice in order to 
achieve better effects. 

2. Connotations and Capacity 
Characteristics of Practical and 
Innocative Talents  

The so-called practical and innovative talents are people 
who have strong ability of teaching oneself, ability of job 
adaptability, ability of technology innovation and re-
development, and people who have innovative sense, 
innovative spirit and innovative ability [2]. 

A. Connotations of Practical and Innovative Talents
Practical and innovative talents are different from 

academic research talents who are trained under the elite 
educational philosophy, as well as skilled practical talents who 
are trained in vocational school. They are between those two 
kinds of talents, and not purely academic or skilled. In other 
words, they have to taking into account both sides. This kind 
of talents must focus on cultivation of practical ability and 
innovative spirit at the same time. The greatest feature of them 
is that they have strong ability of technical thought and they 
are good at application of technology. They can convert 
knowledge into productivity, re-develop products and solve 
specific problems in the production. In conclusion, they are 
people who convert, implement, achieve and innovate in 
knowledge and technology [3]. 

B. Capacity Characteristics of Practical and Innovative 
Talents

Practical and innovative talents mainly serve in the
forefront of production and management, so that they are 
highly demanded in abilities and qualities, which include [4]: 

1) Possessing foundation of theory: The knowledge for 
practical and innovative talents should be application-based, 
and be focused on usefulness. The principle of basic theory is 
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just sufficiency, while the requirements for practical 
knowledge and skills should attract more attention.

2) Practical operating ability: One of the differences 
between practical and innovative talents and other kinds of 
talents is that: they have strong abilities of practice and 
operating, and they can rapidly meet requirements of job, 
solve practical problems, sensitively discover potential 
problems in the front line of production, management and 
service, and solves these problems in the scene by using all 
kind of knowledge and skills skillfully. 

3) Ability of continual innovation: The target for 
innovative talents in high education stage should be focused 
on cultivation and improvement of innovative spirit and 
innovative ability. Because innovative spirit is a strong and 
enduring motion for people undertake creative works, and it 
helps individual to solve all kinds of problems in work.

4) Ability of teamwork and cooperation:  Practical and 
innovative talents are mostly in the forefront of production. 
They are facing design, planning, decision-making and 
application in the work all the time. And none of those can be 
done by individual's ability, so creation and cooperation of 
team are needed. Therefore, spirit of teamwork such as trust, 
credit, cooperation, and the understanding is an essential 
quality for practical and innovative talents. And that requires 
students in college to master a wide range of practical 
management capabilities, such as communication, association, 
coordination,     organization and leadership. 

5) Ability of self-study: A lot of practice can certificate 
that, knowledge we learned in colleges and universities only 
accounted for 10% of knowledge we need in work, while 90% 
comes from self-study. Especially to practical and innovative 
talents, they mostly contact comprehensive field with more 
complex factors instead of single problem in work, and may 
be involved in all kinds of aspects. Therefore, practical and 
innovative talents should focus on coordinated development of 
KAQ (knowledge, ability, quality), and possess stronger 
ability of self-study and job adaptability than skilled practical 
talents, so that they can meet the requirement for generalist by 
modern enterprise. 

3. The Problems of the Existing System of 
Practice Teaching  

In current practice teaching system, the proportion of 
practice for cognition verification is quite large. Most practice 
teaching is finished step by step in laboratory in accordance 
with procedure of experiment or curriculum design instructions, 
which is seriously out of line with actual production. Students 
are in a passive state when in the link of practice teaching, and 
lack of integrated design, professional experimental courses 
and practicum for innovation study, and innovative experiment. 
The problems of the existing system of practice teaching are 
embodied in the following aspects: 

6) Experimental teaching subordinate to theory classes,
which leads to insufficient attention paid by teachers and 

students: Now experimental classes basically belong to 
corresponding course, and operating methods of experiments 
are not very theoretical. Normally, operating methods in the 
guiding books are detailed, so students absolutely have the 
ability to complete the required experiments by themselves 
under the guidance of their teachers. Even if students have no 
preparation in advance, the experiment will still proceed 
smoothly, and the data processing and report arranging will be 
quite well. However, students seldom raise questions and 
analyze the results of the experiment. Even some students 
have an incorrect idea that experiment classes are unimportant 
and easy to pass, which leads to unsatisfactory effects of 
experiment classes and failure to cultivating ability of 
independent thinking and innovation. 

7) The link of practice teaching is out of touch with the
engineering and becomes formality:Because of the constraints 
of time, space and funding, cognition practice and production 
practice, which have close contact with the engineering, also 
become a hurry glance over things. As a result, cognition 
practice and production practice can hardly achieve their 
effect, and become formality. 

8) The links of practice teaching are separated, so the 
continuity of students' knowledge is poor: Now experiment, 
practice and graduation design are separated, and they are 
basically a combination of courses. Even if for graduation 
design and thesis, there are only a few practice courses. This 
kind of system can not efficiently cultivate students’ 
comprehensive ability via practice, let alone innovation ability. 

9) More attention are paid on theory than practice, and 
investment is too less, so practice teaching is depressed:  
Long-term inertial thinking and relative scarcity of school 
funds lead to relative lack of investment in education funds, 
especially in practice teaching funds, and equipment update 
too slowly. Internship funding hasn’t grown for many years, 
and teachers for experiment practice teaching and 
management are not very enthusiastic, so practice teaching is 
always in low levels. All of these have effected the cultivation 
of innovation ability and practice ability, and finally generate 
many students who has high scores but low abilities, who are 
poor at or lazy in practice, and who can not meet the 
requirement of job after graduation. 

4. Practice Teaching System Reform with 
Cultivation of Application and Innovation 
Ability as the Center  

The link of practice teaching is quite important to promote 
the combination of structure of knowledge, structure of ability 
and scientific thinking, and it has a special place in cultivation 
of innovation ability. As an engineering oriented university, 
cultivating students is to serve territorial social and economy 
development. Cultivation of advanced technology and 
engineering ability should be strengthened, and the key of the 
building of the curriculum should be solving engineering 
problems. Therefore, we must give prominence to practice 
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teaching, be strict to engineer practice, and emphasize 
cultivation of manipulative ability. And cultivation of 
knowledge and ability should be promoted through practice 
teaching in different stages. 

According to the ability requirements of the current society 
and economy development for practical and innovative talents, 
the Faculty of Materials and Energy of Guangdong University 
of Technology has reformed practice teaching, and the setting 
of system is shown in figure 1. In accordance with the 
progressive regularity of ability cultivation, the system of 
practice teaching is divided into four levels: basic practice, 
basic experiment, advanced practice and comprehensive 
innovation. In the whole system of practice teaching, research 
projects for students, innovation projects for students, subject 
contests and experiments of comprehensive innovation are 
throughout the process of practice teaching. 

 

Figure 1. System of practice teaching 

C. Level of basic practice
The level of basic practice includes engineering practice, 

internship of computer application software, basic course 
experiment, cognition practice and society survey. It focuses on 
cultivation of basic skill and experiment skill, and 
improvement of basic capacity. Through society survey 
students can understand the requirement for talents’ ability in 
the industry. Through internship of software students can 
understand the software used frequently in profession courses 
and work, for example, AutoCAD, UG, PRO/Engineer, Protel 
DXP and so on, and master the basic application of such 

software. In fact, many enterprises require applicants to master 
computer language and operating skills for many platforms. At 
the same time, students can learn advanced methods for 
experiments, which can be a foundation of professional courses. 

D. Level of basic experiment
The level of basic experiment focuses on improving the 

ability of combining theory and practice. Except the necessary 
experiments set for simply verifying the theory, most 
experiment classes are separated from theory classes to break 
the boundaries between different subjects. Experiment class is 
independently set in accordance with subject type. And it is 
also treated and arranged as an independent subject to broaden 
the field of practical teaching. The connection and combination 
of logic and structure in experiment class of different subjects 
are improved, so the target of entirety optimization can be 
achieved. By all of these, the curriculum can maintain a 
connection from beginning to ending, and proceed step by step. 
Thus experiment class can be an intrinsically linked organized 
whole, which goes from the easy to the difficult and 
complicated and spires. Course experiment of some related 
subjects, such as metal material engineering, materials 
processing engineering and electronic information materials 
and components, are integrated and optimized, and is set 
together. 

E. Level of advanced practice
The level of advanced practice includes professional 

training, engineering practice project, curriculum design, 
comprehensive and innovative experiment, production practice 
and cultivation project of colleges and enterprises. It is the 
main part of engineering ability cultivation for students, which 
focuses on cultivation of specialized characteristic for students. 
And it mainly cultivates ability of comprehensive design, 
ability of teamwork and preliminary ability of innovation 
practice, so that students can establish a sense of innovation 
and engineering awareness in early time, and feel a sense of 
achievement.  

An example is the semiconductor device manufacturing 
process experiment of Microelectronics. First, silicon samples 
will be manufactured by material preparation technology and 
tested in sheet resistance experiment. Then, oxidation 
experiment, lithographic experiment and boron diffusion 
experiment will be conducted and through these the PN 
junction diode will be manufactured. At last, the I-V 
characteristics and breakdown voltage of PN junction will be 
tested. All of these can develop students' interest in learning, 
strengthen the student's responsibility, enhance of integrity and 
synthesis of the experiment, and make the learning coherent 
and connecting.  

Another example is mold experiment of material forming 
and controlling specialty. Every student will join in the whole 
procedure including product design, mold design, mold 
manufacture, mold assembly, mold debugging and purchasing 
material, standard parts, cutting tools, measuring tools and 
instrument for mold manufacture. Therefore, students can 
understand and master the whole process for mold parts 
including purchase, mechanical workout, assembly and mold 
test. 

Level of basic practice:
Engineering practice, 
Internship on PC, 
Cognition practice, 
Society survey

Level of advanced 
practice: 
Curriculum design, 
Curriculum practice, 
Comprehensive 
training,  

Level of basic 
experiment:
Course experiment, 
Experiment 
independently set in
accordance with  
subject type

Level of comprehensive:
Graduation internship, 
Graduation design, 
Students’ research,  
Subject contest, 
Innovative practice

Cultivate basic skill

Cultivate ability of 
engineering practice, 
Ability of innovation

Science research projectsand
innovation projects for students

Improve ability of 
combining theory and 
practice

Subject contest experim
ent of com

prehensive innovation

Cultivate ability of  
Comprehensive design, 
Teamwork, 
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Figure 2 shows parts of students’ work from 
comprehensive and innovative experiments. 

     
 
a. diode lithographed on silicon      b. experiment work of injection molding 

Figure 2. Display of students’ work  

F. Level of comprehensive innovation
The level of comprehensive innovation includes all kinds 

of research training, graduation internship, graduation design, 
students’ research project and technological innovation 
activities. And it can further cultivate students’ ability of 
research, ability of engineering practice and ability of 
innovation. The research projects are of practical value, or from 
the front line of research and production, or related to 
enterprise or research projects of teachers. So students can 
fulfill the whole training process from product design, process 
development, product molding to product quality test. Some 
graduation designs use training mode of order form according 
to enterprises’ requirements: students will practice directly in 
enterprise since the production practice in the seventh term, 
and make their quests of graduation design (finish in enterprise) 
according to enterprises’ requirements in the eighth term. 

As for the cultivation of innovation ability, students are 
encouraged to participate in the various competitions for 
national college students, such as mathematical modeling 
competition, electronic design competition, computer 
simulation competition, structural design competition, the 
business plan competition, robotics competition, learning 
competition, Challenge Cup and so on. 

Figure 3 shows parts of students’ design from electronic 
competition and science and technology innovative activities. 
 

    
a. IC card intelligent charging system                 b. determinator for ground 

thermal conductivity 

Figure 3. Students’ work from electronic competition and science and 
technology innovative 

The characteristics of practice teaching system above-
mentioned are: 

� More attention is paid on combining practice teaching 
with actual production, research, extracurricular 
science and technology innovation and social practice. 

� The choice of practice contends reflects 
comprehensiveness, characteristic of design and 
research, and it helps to cultivate students’ knowledge 
proficiency and ability of innovation. 

� The autonomy of the students is prominent, while 
teachers are changed from counselors of practice 
teaching activity to guides of students’ practice activity. 
It helps to cultivate students’ ability of practice, ability 
of solving practical problems and spirit of teamwork. 

5. Summary  
Practice is the foundation of innovation, so that practice 

teaching of undergraduate is an important part of cultivation of 
practical and innovative talents. Now the research and 
exploration of practice teaching mode in the Faculty of 
Materials and Energy of Guangdong University of Technology 
has achieved initial success. However, continuous exploration 
and reform of practice are needed to improve the quality of 
practice teaching, and to cultivate more practical and 
innovative talents who can meet the requirements of socio-
economic development in the new era. In the next step, an 
important mission is to build up a practice environment with 
more comprehensiveness, characteristic of design and 
creativity for as more students as we can, so that every college 
student can cultivation in different links of practice at the 
undergraduate. And as for the content of practice teaching, 
links of practice with more characteristic of exploration and 
research should be added, on order to mobilize students' 
enthusiasm and initiative, stimulate students' creative thinking, 
and further improve students' ability of engineering practice, 
innovation ability and comprehensive ability. 
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