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 Engineering education in Malaysia has often been questioned for not producing quality 

engineers that are able to contribute to national development. Universities nowadays 

adopted various approaches with different perspective views in engineering syllabus to 

strive for excellence in engineering education. The objectives of this paper are to 

review several successful university engineering education models, students’ 
performance and the involvement of industry in engineering education. This paper 

explores how such models can help achieve the expectation of the Malaysia society. 

Various developed countries engineering education models are used as role models for 
the study and this paper also reviews Malaysia public universities’ approach towards 

excellence in engineering education. A formulation of the Engineering Education-

University-Industry relationship is presented with the identification of few key factors 
for the betterment of engineering education in Malaysia. 
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INTRODUCTION 

 

 In the latest Malaysia budget 2015 (Najib, 2014), it is estimated that 53,000 graduates remain unemployed 

for six months after graduation and needing governmental funding for re-training. It appears that our universities 

are not producing graduates required by the industry, however, the number of engineering graduates 

involvement are unknown. Malaysia is in need of more than 200,000 engineers by the year 2020 in order to 

achieve advanced nation status (Ting-Kueh, 2013). With a yearly output of 5,000 graduate engineers from the 

local universities, engineering education can be considered rather reliable (Ting-Kueh, 2013). Such numbers 

may be in a decline soon. Recent survey shows a decrease in the number of students who are getting an interest 

in science and technology (Jayarajah, 2014) and it does not augur well for the future of the country. A 

transformation of the engineering curriculum is needed to make it more interesting and promising to capture the 

interest of students and to promote the engineering profession within the Malaysian community.  

 A previous paper identified the collaboration guidelines between university, government and industry 

linkage (Salleh, 2013). The authors showed that there is a possibility to foster strong collaboration between the 

university and industry under government auspices to transform research into profitable revenue stream. 

However, such model has not been evaluated to determine its effectiveness in improving the quality of higher 

education in the country. How such model affects traditional roles of University in its contributions to industry 

and community is yet to be seen. Only by playing the roles of producing graduates with appropriate technical 

and social skill sets will it benefit our country in the long term.  

 This paper shall present a new model similar to the university-industrial collaboration models of advanced 

countries but with the inclusion of student welfare as part of the consideration. This model is then benchmark 

against successful models used by advanced countries and local public universities, which were successful that 

are provided with incentive and support from government agencies. With the major local public universities 

focus primarily on research works teaching has becomes a lesser priority. The role of educating new generation 

of competent engineers is now left to non-Apex universities, may it be public or private. A transformation of 

university engineering curriculum is timely now with university playing an active role in the collaborative effort 

with industry to ultimately benefit the students and the nation. Key factors are highlighted in subsequent 

paragraphs to illustrate the relationships between university and industry in their collaborative tie-ups.  
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2.1 Overseas Engineering Education System: 

 In this section a review on the engineering education system in three countries with strong manufacturing 

industry, namely - Finland, Germany and Korea is presented. Their transformation model of engineering 

education in the next decade serves as an indicator for future development of our very own engineering 

education system.  

 

1. Finland Engineering Education System: 

 Finland education system is arguably the best in the world given that it top the PISA (Programme for 

International Student Assessment) test for the year 2003, 2006 and 2009 (Tani, 2014). It is only appropriate that 

such system is used as a reference model for our study. The Finnish Engineering Education system encourages 

engineers to be conscious and aware of the subject of sustainable development (Takala, 2013). In addition, the 

Finnish model of education emphasizes mostly on collaborative learning involving either face to face or 

anonymous discussions with experts from the industry or with parents (Korhonen-Yrjänheikki, 2011). The 

anonymous groups are employed to provide feedback as it reflects the majority groups which are silent and do 

not have public space to voice their stand. Accreditation of university engineering programmes is gaining 

significance as it is becoming a necessary step in gaining recognition from the engineering community, but more 

works is needed to improve on engineering courses curriculum design (Niemelä, 2014). In this respect, the 

Finland University of Turku had experimented with problem oriented and project based learning with positive 

results. The project based learning curriculum involves a Capstone project which comprises of an ill-defined and 

open-ended problem setting provided by an outsider, mostly from the industry. Engineer cannot work alone, a 

multidisciplinary knowledge based curriculum is the only way to solve sustainable development problems 

(Taajamaa, 2014).  

 

2. Germany engineering education model: 

 Germany produces some of the world best engineers (Robertson, 2013). Good quality and well engineered 

products are often the produce of some of the world best German’s organization such as Siemens and Bosch, 

with all of them based in Germany. All these acclaims are the result of German’s engineering education training. 

Under Bologna Declaration, Germany education promotes lifelong learning, seeks recognition from other 

European countries and accreditation from other professional body (Robertson, 2013). It encourages its 

engineering interns to venture aboard in order to broaden their knowledge and enhance their communication 

skills. A research done on Germany institutes suggested that with industry funding it helps to promote patent 

quality, measured by citation, even though it does not have any impact on publication (Hottenrott, 2010). 

However, in the real world, patents are the driving force of economic development, meanwhile publication is 

merely for the sharing among the sciences. In another words, increased in funding from the industry helps to 

strengthen the collaboration between industry and university in order to move engineering education forward. A 

research based on the universities in Germany shows that early integration of engineering class like 

computational thinking class in the curriculum helps to promote student's problem-solving skills and also 

enhance soft skills communication in real world problems, especially for those related to the industry (Gross, 

2014). Engineering education in Germany is not without flaw since they emphasize on discipline and technical 

skills but not creativity (Haertel, 2012). However, they address their weakness by investing heavily in advanced 

technology. For example, virtual environment learning protocol was integrated into engineering curriculum in 

German’s universities (Terkowsky, 2011). The outcome is positive as it provides individual and group oriented 

knowledge acquisition in the field of manufacturing engineering as well as social and intercultural learning in a 

multi-country learning community. 

 

3. Korea engineering education model: 

 Korea is Asia’s fourth largest economy and the world's 15th (nominal) or 12th (purchasing power parity 

largest economy (Kim, 2012; International Monetery Fund, World economic outlook " 2011). The economic 

success of Korea today is partly due to the success of engineering education in Korean. But how engineering 

education can be a success in South Korea where she was lagging behind nations like Singapore and Japan. 

Such rapid ascend of Korea technology capability is due mainly to its flexible curriculum design and usage of 

advanced technology tools. Thus, Korea’s decision to focus its engineering education on demand-oriented 

engineering helps to propel them to where they are today (Lim, 2013). The demands, supplied from industry, 

such as practical problems encountered in the industry are integrated into their engineering curriculum for 

university students to resolve. In addition, learning English language is a must for their students to acquire 

engineering skills which is a pre-requisite to acquire engineering knowledge and skills, according to a research 

study (Kim, et al). Creative thinking is one of important component to be included in the curriculum since it was 

proven to be an effective teaching method to improve on student thinking skills (Han, 2013). In order to produce 

business savvy engineers, the Korean has started to propose engineering accounting to be integrated into their 

education curriculum a new learning module called systemic problem based learning(SBPL) (Kim, 2011). In 
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SBPL, a revised problem based learning model which integrate the engineering accounting into engineering 

curriculum in accordance to the industry. Traditional problem based learning requires students to work in 

multidisciplinary team as it is believed to strengthen and motivates engineering student (Seo, 2012) In the 

SBPL, they maximum the positive interaction between teacher, learner and web-based project system through 

advanced web based module which integrate engineering characteristic and engineering accounting. To be a step 

ahead of other industrialized nations, Korean has decided to promote integrate industry standardization into 

engineering education (Choi, 2013). They realize that to be a forerunner in the technological game, engineers 

need to be equipped with industrial standardization knowledge to play the game changer roles. With funding 

from the government and nationalization of standardization in engineering education, it is foreseeable that Korea 

shall one day be a key player in the world industrial standardization in engineering education.  

 

2.2 Local university education model: 

 Recent 2015 budget announcement by the Malaysia government to splurge millions of ringgit to spur 

employment of graduates shows that engineering graduates are playing an important role in the nation’s 

economic development. In striving to achieve a higher quality of education, our universities are pushing hard to 

transform current engineering course curriculum to deliver qualified engineers for the country. According to the 

published paper, technical and employability skills should be included in engineering education offered in 

higher institutions of learning (Hanapi, 2014). The recent budget also identifies the insufficiency of English 

language command in our higher education and the need for university to collaborate with technical English 

language trainers to improve on the engineer's command of the language. Besides the mastery of language, a 

need-based analysis should be conducted to align the graduate characteristics required by the industry and the 

curriculum of university (Radzuan, 2014). Different frameworks are proposed to foster the industry link 

between industry and university. Johari et al proposed to include scientific and professional competency and 

inclusion of various humanistic industrial practical global and strategic skills (Johari, 2002), while Saima Iabal 

proposed to include culture compatibility, operational compatibility, flexible policy, strategy organized structure 

of university and industry into collaboration to increase effectiveness of knowledge transfer (Iqbal, 2013). 

However, university should not compromise the student creativity and thinking skills merely to fulfill student 

standard (Jayarajah, 2013) demanded by the industry, which may be beneficial for the short term but not for 

long term development of the country. To date, there is a big pool of unemployed engineers in the country so 

there is more need to be done to improve on the situation, as suggested in section 4.  

 University Sains Malaysia (USM) started their first attempt on the project based learning which involved 

solving industrial problem in the student final year design project for chemical engineering undergraduate 

students (Ahmad, 2013). Based on their assessment, it does help to increase the achievement of course learning 

objectives and program outcomes, which is an indicator using to measure the outcome where most of objectives 

are closed linked to industry. The formation of knowledge worker like engineer can be facilitated by integrating 

e-learning in the engineering curriculum. E-learning for the mastery of mathematics has been tried out by the 

University Kebangsaan Malaysia (UKM) on their engineering students. The outcome shows that student has 

better understanding of vector calculus and engineering mathematics, which is important for engineering 

education (Tawil, 2013). A combination of e- learning and problem-based learning are most probably the best 

way to produce high quality engineer (Subramaniam, 2013). UKM initiates a sustainable partnership between 

UKM and Germany universities with the offering of double degrees and student exchange program (

 Shamsuddin, 2013). The outcome is fruitful, as they are able to learn from each other, for example 

experience and quality management, which enhanced on the students’ insight on the change of external 

involvement and the promotion of industry cooperation through internationalization of local students. Besides 

this, UKM also experimented with the implementation of an open-ended problem-solving project related to 

industry with results indicating students gaining benefits through the integrated project (Abdullah, 2013). 

Another university, Universiti Teknologi PETRONAS, also started the CAPSTONE project which incorporated 

real industry problem into their civil engineering curriculum (Wan Abdullah Zawawi, 2013). Such initiatives are 

promising as it shows university is serious in incorporating industry practices into engineering education, and 

thus it augurs well for the future of the country.  

 

3. Discussion: 

3.1 A model proposed for formulation of Engineering Education-University-Industry relationship: 

 Further from the reviews presented above a proposed model for excellence in engineering education is 

presented in figure 1 below.  

 Current engineering education should be formulated by taking into consideration of forming a close 

relationship between university and industry. From the reviews of the engineering education systems of Finland, 

Germany and Korea, a common trend emerged indicating the importance of creativity, sustainability and 

standardization in the engineering education system. The creativity, sustainability and standardization should be 

implemented in order to produce qualified engineer. While creativity allows for solving real complex 
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engineering problem with an innovation approach, sustainability allows for the integration of technical skills 

with social economics. All of this should be done without compromising on the standardization effort with the 

incorporating of proper rules and regulation to the benefit of society in the long term. 

 

 
standarization 

 

Fig. 1: Proposed relationship for the engineering education working approach. 

 

3.2 Proposed key factors to be identified: 

 Based on the figure 1, there is still room for improvement in the current engineering education system. 

Conventional classroom teaching is no longer good enough for cultivating students due to the limited time 

allocated and resources. By leveraging on the advent in wireless broadband transmission technology, this paper 

proposed a few key factors to be introduced in our current engineering education curriculum.  

 

1. Long distance learning approach: 

 Distance education is characterized by the teaching and learning process which does not require students 

and their teachers to meet face to face (Holmberg, 1986; Holmberg, 2005), and it is believed to the future trend 

of education system to enhancing student learning ( Beldarrain, 2006). Developing a long distance learning 

subject for the undergraduate by giving the credential for the students, the university can include it as syllabus to 

train the students so that the students will be able to meet the industry demand (Bengiamin, 1998). The distance 

learning approach is particularly suited to the modern-day’s student needs. Real time web conferencing can be 

an effective way for communication between lecturers and students and it is proven to improve on the student 

learning experience (Long, 2014). It has also been carried in the United States that online courses in engineering 

and technology are able to produce positive outcomes with the transformation of the student mindset to be more 

active and flexible (Mehrabian, 2014; Buchanan, 2014). Malaysia engineering education system should embrace 

the advancement in communication technology to provide quality education to train our future engineer.  

 

2. Transformation of laboratory to be industry-driven approach: 

 In Engineering, practical experiments and projects form the heart of the relationship between meaning and 

understanding (Beldarrain, 2006; Edward, 2002). The important of laboratory sessions as discussed in the paper 

(Feisel, 2005), cannot be left unconcerned since they are the master piece of the entire engineering education. 

With the advent of a new digital era, the laboratory is not only limited to physical laboratory. In transforming 

the laboratory sessions with inputs from the industry, the design of the laboratory manual in accordance with the 

industry demands is becoming a trend. Research had been carried out to test the effects and outcomes of virtual 

laboratory versus physical laboratory. Virtual laboratory can sometimes even exceeded the advantage of 

physical laboratory since it allows students to use computer technology to explore unobservable phenomena and 

link them together within the shortest time possible (De Jong, 2013). At the Deakin University, physical 

experiment through distance education, highlighted in the 1
st
 key factor performance, laboratory reports for off-

campus students were similar to that of the on-campus students, provided that it complies with the engineering 

accreditation program set by Australia engineering council (Long, 2012). When the majority of university 

programs comply to EAC Malaysia, it is important for them to encourage innovation in students with the 

utilization of virtual laboratory while at the same time ensure that such effort are not jeopardizing the qualities 

set-out by the EAC. 

 

3. Lean Engineering education approach: 

 The concept of lean engineering education (LEE) comes from Toyota Production System, and is now being 

practiced in many international companies such like General Electric and Bosch. The LEE relies on the a 
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systematic, student-centered and value-enhanced approach program which will definitely benefit the students 

(Alves, 2013). In order to implement LEE in the curriculum, there is a need to develop the integrating the lean 

design based subject in the first year student syllabus. It is suggested that most of student are consciously aware 

that lean design based learning is important in the engineering education, and it should be taken seriously. It 

may be difficult initially for the students, but according to the trial project carried out by universities, it will 

benefit them in the long term development of their career in engineering. By designing the curriculum in 

accordance to industry requirements, students can learn during the early stage of their university education the 

hands on of the industry and eventually allow them quickly to adapt themselves into the industry working 

environment when they graduated.  

 

4. Learner-centered approach: 

 With Weimer publication on Learner-Centered Teaching: Five Key Changes to Practice (Weimer, 2013), 

learner center approach views students as active learners and classrooms as marked by somewhat chaotic 

discussions by which he believes can help to develop a more effective learning progress in the students 

(Fahraeus, 2013). The core of good engineering practices, as realized from the Finnish engineering education is 

not to add sustainability into the existing crowded curriculum, but thinking of the how of what to do for 

sustainability. To achieve sustainable development, student should be motivated as self-learner under motivated 

and enthusiastic educators. It is important to the current engineering education model from teacher-centered to 

learner-centered in problem solving. As previously discussed, the students can work to be active learner with 

teachers in the same learning group, it will benefit the students and at the same time allows the educators to 

transform themselves to be better engaged in engineering education (Chance, 2013). Though it has started for 

educator to realize the benefit of learner centered approach, our education still view students as passive learner 

with only unilateral transmission of knowledge from lecturer to students. The engineering educators should be 

innovation in turning the students into active learners in order for them be more self-responsible and eager to be 

engaged in life-long learning. 

 

5. TRIZ teaching approach: 

 TRIZ (Teoriya Resheniya Izobreatatelskikh Zadatch approximately translated from Russian as ‘theory of 

inventive problem solving) is developed by the Soviet inventor Gerinrich Alshuller and is widely recognized 

today as an effective problem solving method and basic theory of computer aided innovation. It combines 

different inventive problem solving methods and a body of abstract engineering knowledge to produce 

innovative design in the engineering practice efficiently (Arciszewski, 2011). An effect way to transmit TRIZ 

methodology to the students is by, firstly, to train the teachers with TRIZ teaching approach and it has been 

proven to be efficient (Sire, 2012). As studied in the research papers (Lepeshev, 2013; Lepeshev, 2013), TRIZ 

education method can cultivate creativity in the students without comprising on the efficiency of an engineer. It 

has been tried out in various different education systems (Belski, 2013; Wei, 2014; Fu, 2014) and the outlook is 

very optimistic for engineering education. A short course can be organized, like what was organized by the 

Royal Melbourne institute of Technology Australia, to train engineering students on TRIZ. It was proven with 

the RMIT effort that the outcome shows students’ perceptions of their abilities in problem solving changed 

significantly. It also shows that TRIZ can improve on student problem solving skills in comparison to discipline 

based courses (Belski, 2011). By applying TRIZ in current Malaysia engineering education, it is a hope that a 

new generation of creative engineers can be produced.  

 

4. Conclusion: 

 Gap exists in the Malaysia engineering education system and the industry that it serves. A formulation of a 

new engineering education model presented here can be used to bridge the gap. Various engineering education 

approaches have been reviewed in this paper, in which, three developed countries engineering education 

systems were investigated for their advantages in matching higher education curriculum with industry demand. 

A review on the various approaches adopted by Malaysia public universities is also presented. By analyzing the 

methods used by the various universities, foreign and local, this paper lists the various factors that may be useful 

for the betterment of engineering education in Malaysia.  

 

REFERENCES 

 

Najib, T.H.A.R., 2014. "The 2015 budget speech ", M. o. Finance, Ed., ed. Dewan Rakyat. 

Ting-Kueh, S. and Q. Ai-Hwa, 2013. "Engineering education in Malaysia - Meeting the needs of a rapidly 

emerging economy and globalisation," International Conferene on Interactive Collaborative Learning (ICL), 

pp: 583-587. 



32                                                                      Chi Wei Ong et al, 2014 

Journal of Applied Science and Agriculture, 9(21) Special 2014, Pages: 27-34 

Jayarajah, K., R.M. Saat and R.A.A. Rauf, 2014. "A review of science, technology, engineering & 

mathematics (STEM) education research from 1999–2013: A Malaysian perspective," Eurasia Journal of 

Mathematics, Science & Technology Education, 10: 155-163. 

Salleh, M. and M. Omar, 2013. "University-industry Collaboration Models in Malaysia," Procedia-Social 

and Behavioral Sciences, 102: 654-664. 

Tani, S., 2014. "National cases, international collaboration–an example from Finland," J-Reading-Journal 

of Research and Didactics in Geography, vol. 1. 

Takala, A. and K. Korhonen-Yrjänheikki, 2013. "A National Collaboration Process: Finnish Engineering 

Education for the Benefit of People and Environment," Science and Engineering Ethics, 19: 1557-1569. 

Korhonen-Yrjänheikki, K., 2011. "Future of the finnish engineering education - TEK,". 

Niemelä, H., T. Okkola, A. Nurkka, M. Kuisma and R. Tuunila, 2014. "Is an accreditation seal worth the 

effort?: Observations of programme accreditations in Lappeenranta University of Technology, Finland," Quality 

Assurance in Education, 22: 226-239. 

Taajamaa, V., T. Westerlund, G. Xing, M. Hupli, S. Salantera and T. Salakoski, 2014. "Interdisciplinary 

engineering education - Practice based case," 2014 4th Interdisciplinary Engineering Design Education 

Conference (IEDEC), pp: 31-37. 

Robertson, C., 2013. 'The best engineers come from Germany'. Available: 

http://www.bbc.com/news/business-24131534 

Hottenrott, H. and S. Thorwarth,  2010. "Industry funding of university research and scientific 

productivity," ZEW Discussion Papers. 

Gross, S., M. Kim, J. Schlosser, C. Mohtadi, D. Lluch and D. Schneider, 2014. "Fostering computational 

thinking in engineering education: Challenges, examples, and best practices," Global Engineering Education 

Conference (EDUCON), 2014 IEEE, pp: 450-459. 

Haertel, T. and C. Terkowsky, 2012. "Where have all the inventors gone? The lack of spirit of research in 

engineering education," Proceedings of the 2012 Conference on Modern Materials, Technics and Technologies 

in Mechanical Engineering. The Ministry of Higher and Secondary Specialized Education (MHSSE) of the 

Republic of Uzbekistan, Andijan Area, Andijan City, Uzbekistan, pp: 507-512. 

Terkowsky, C., I. Jahnke, C. Pleul and A.E. Tekkaya, 2011. "Platform for e-Learning and Telemetric 

Experimentation (PeTEX). Tele-operated laboratories for production engineering education," Global 

Engineering Education Conference (EDUCON), 2011 IEEE, pp: 491-497. 

Kim, M.K., 2012. "Present State of Engineering Education in Korea: Positioning in the World," Journal of 

JSEE,  60: 6_34-6_41. 

"International Monetery Fund, World economic outlook " 2011. 

Lim, J.M., S.C. Kim and C.H. Lee, 2013. "C 3 (Creativity, Capability, and Challenge) activities of 

Innovation Center for Engineering Education," 2013 IEEE International ConferenceTeaching, Assessment and 

Learning for Engineering (TALE), pp: 725-728. 

Kim, H.H., "Needs analysis for english for specific purpose course development for engineering students in 

Korea," International Journal of Multimedia & Ubiquitous Engineering, v 8. 

Han J. and S.H. Kim, 2013. "Effectivity analysis of approaches to creativity education for engineering 

students," 2013 IEEE International Conference on Teaching, Assessment and Learning for Engineering (TALE), 

pp: 295-300. 

Kim, M.S., 2011. "A systematic project-based learning model for accounting education in engineering and 

its application to web-based practice system," 2nd International Conference on Education and Management 

Technology, pp: 54-59. 

Seo, YB., J. Eom and M.J. Jeong, 2012. "Problem based learning in engineering service design program," 

2012 IEEE Global Engineering Education Conference (EDUCON), pp: 1-7. 

Choi, D.G.and H.J. de Vries,  2013. "Integrating standardization into engineering education: the case of 

forerunner Korea," International Journal of Technology and Design Education, 23: 1111-1126. 

Hanapi, Z., M.S. Nordin and R.C. Rus, 2014. "Unemployment problem among graduates of technical field: 

competencies of the graduates and quality of the education," Sains Humanika, vol. 2. 

Radzuan, N.R.M., H. Kassim and M.M.A. Ali, 2014. "Conceptualizing english workplace communication 

needs of professional engineers: The challenges for english language tertiary educators," International Journal 

of Contemporary Business Management (IJCBM), vol. 1. 

Johari, M., A.A. Abdullah, M. Osman, M. Sapuan, N. Mariun, M. Jaafar, 2002. "A new engineering 

education model for Malaysia," International Journal of Engineering Education, 18: 8-16. 

Iqbal, S., A.M. Iqbal, A.S. Khan and A.A. Senin, 2013. "A modern strategy for the development of 

academic staff based on university-industry knowledge transfer effectiveness & collaborative research," Sains 

Humanika, vol. 64. 

Jayarajah, K., R.M. Saat and R.A.A. Rauf, 2013. "An alternative perspective for Malaysian engineering 

education: a review from year 2000-2012," The Malaysian Online Journal of Educational Science, pp: 1. 

http://www.bbc.com/news/business-24131534


33                                                                      Chi Wei Ong et al, 2014 

Journal of Applied Science and Agriculture, 9(21) Special 2014, Pages: 27-34 

Ahmad, Z., M.A. Bakar, K. Lee, M. Uzir, K.A. Karim, M. Ahmad, 2013. "A first attempt at Project Based 

Learning (PrBL) on final year design project chemical engineering undergraduates student at Universiti Sains 

Malaysia (USM)," Proceedings of the 6th International Conference on Process Systems Engineering (PSE 

ASIA), pp: 27. 

Tawil, N., A. Zaharim, N. Shaari, Z. Nopiah and H. Othman, 2013. "UKM engineering students," 

International Journal of Soft Computing,  8: 1-7. 

Subramaniam, S.T.S., N. Nordin and M. Krishnan, 2013. "e-Content development in engineering courses: 

students needs and readiness," International Journal of Business and Social Science, 4: 282-288. 

Shamsuddin, A.H., A. Hunger and A. Muchtar, 2013. "Over 10 years of cooperation between Universiti 

Kebangsaan Malaysia and University of Duisburg-Essen, Germany case study of the development of a fruitful 

partnership," Procedia-Social and Behavioral Sciences, 102: 11-20. 

Abdullah, S.R.S., A.B. Mohamad, N. Anuar, M. Markom, M. Ismail, M.I. Rosli, 2013. , "A comparative 

analysis between direct and indirect measurement of year I integrated project," International Education Studies, 

6: 143. 

Wan Abdullah Zawawi, N., M. Liew, K. Na and H. Idrus, 2013. "Engineering the civil engineering 

education: A capstone case study in a Malaysian university," 2013 IEEE International Conference on Teaching, 

Assessment and Learning for Engineering (TALE), pp: 791-795. 

Holmberg, B., 1986. "A discipline of distance education," International Journal of E-Learning & Distance 

Education, 1: 25-40. 

Holmberg, B., H. Bernath and F.W. Busch,  2005. The evolution, principles and practices of distance 

education vol. 11: Bis. 

Beldarrain, Y., 2006. "Distance education trends: Integrating new technologies to foster student interaction 

and collaboration," Distance education, 27: 139-153. 

Bengiamin, N.N., A. Johnson, M. Zidon, D. Moen and D.K. Ludlow, 1998. "The development of an 

undergraduate distance learning engineering degree for industry‐A University/Industry Collaboration," Journal 

of Engineering Education, 87: 277-282. 

Long, J.M., M.S.W. Cavenett, E. Gordon and M. Joordens, 2014. "Enhancing learning for distance students 

in an undergraduate engineering course through real-time web-conferencing,". 

Mehrabian, A., W.W. Buchanan and A. Rahrooh, 2014. "Innovation is the name of the game: A case study 

of an online course in engineering and technology," Proceedings 2014 ASEE Gulf-Southwest Section 

Conference. 

Buchanan, W.W., 2014. Engineering innovations in distance learning. 

Edward, N.S., 2002. "The role of laboratory work in engineering education: student and staff perceptions," 

International Journal of Electrical Engineering Education, 39: 11-19. 

Feisel, L.D. and A.J. Rosa, 2005. "The role of the laboratory in undergraduate engineering education," 

Journal of Engineering Education, 94: 121-130. 

De Jong, T., M.C. Linn and Z.C. Zacharia, 2013. "Physical and virtual laboratories in science and 

engineering education," Science, 340: 305-308. 

Long, J.M., W.B. Stannard, K. Chenery and M. Joordens, 2012. "Physics practicals for distance education 

in an undergraduate engineering course," presented at the Proceedings of the 23rd Annual Conference of the 

Australasian Association for Engineering Education, ESER group, Swinburne University of Technology, 

Melbourne, Vic., pp: 691-701. 

Alves, A.C., F.J. Kahlen, S. Flumerfelt and A.B.S. Manalang, 2013. "Lean Engineering Education: 

bridging-the-gap between academy and industry,". 

Weimer, M., 2013. Learner-centered teaching: Five key changes to practice: John Wiley & Sons. 

Fahraeus, A., 2013. "Research Supports Learner-Centered Teaching," Journal of the Scholarship of 

Teaching and Learning, 13: 126-131. 

Chance, S., G. Duffy, B. Bowe, M. Murphy and T. Duggan, 2013. "A model for transforming engineering 

education through group learning,". 

Arciszewski, T. and J. Russell, 2011. "Change demands renaissance in civil engineering education," 

Structure and Environment, 3: 5-13. 

Sire, P., G. Haeffelé and S. Dubois, 2012. "TRIZ as a tool to develop a TRIZ educational method by 

learning it," Proceedings of the TRIZ Future Conference, pp: 19-30. 

Lepeshev, A.A., S.A. Podlesnyi, T.V. Pogrebnaya, A.V. Kozlov and O.V. Sidorkina, 2013. "TRIZ-based 

Engineering Education for Sustainable Development," 2013 International Conference on Interactive 

Collaborative Learning (ICL), pp: 489-493. 

Lepeshev, A.A., S.A. Podlesnyi, T.V. Pogrebnaya, A.V. Kozlov and O.V. Sidorkina, 2013. "Development 

of creativity in engineering education using TRIZ," 2013 3rd Interdisciplinary Engineering Design Education 

Conference (IEDEC), pp: 6-9. 



34                                                                      Chi Wei Ong et al, 2014 

Journal of Applied Science and Agriculture, 9(21) Special 2014, Pages: 27-34 

Belski, I., J. Baglin and J. Harlim, 2013. "Teaching TRIZ at University: A Longitudinal Study," name 

International Journal of Engineering Education, 29: 346. 

Wei, Y., Z. Zheng, Y. Wu and X. Yin, 2014. "Talent cultivation of Excellent Engineer Training Plan in 

Henan Polytechnic University," Science, 2:  96-100. 

Fu, Y. and J. Lou, 2014. "On the Exploration and Practice of Core Capabilities of Excellence Electronics 

Engineers," 2014 International Conference on Education Reform and Modern Management (ERMM-14). 

Belski, I., 2011. "TRIZ course enhances thinking and problem solving skills of engineering students," 

Procedia Engineering, 9: 450-460. 

 

 

 


