Alias and Williams, Strategic Pathways to Engineering Education Research: case study of a top-down
initiative

Strategic Pathways to Engineering Education Research: case study of a top-
down initiative

Maizam Alias
Universiti Tun Hussein Onn Malaysia, Malaysia
maizam@uthm.edu.my

Bill Williams
CEG-IST, Lisbon and Setubal Polytechnic Institute, Portugal
bill.williams@estbarreiro.ips.pt

Abstract: In this paper we first present a line of research into potential pathways to facilitate broader
participation of engineering educators in education research, one that we propose to develop in
various international contexts. Then in the main part of the work we focus on an application of our
approach in one specific national context, that of Malaysia. A top-down pathway is proposed to
describe recent developments in engineering education research in Malaysia. Analysis of publications
from 2000 to date has indicated an increase in engineering education research since the introduction
of outcome based education in the country. A Community of Practice in engineering education is
beginning to emerge and some research universities are establishing research groups and centres of
excellence for research in the field.

Background

At both the 2008 REES in Davos and the following one in Cairns in 2009, concern was expressed
about the need to find ways to encourage more engineering faculty to become involved in engineering
education research. Subsequently a small international group of researchers began exchanging ideas
online around the issue and these exchanges later came to assume the form of the seven Strategic
Pathways to Engineering Education Research (EER) that are outlined in Table 1.

Table 1 Seven strategic pathways to engineering education research

Pathway Designation Description
Pathway 1  Scaffolded Paths Classroom-based research which may often lead to case-study or “show
& tell” papers at subject-specific engineering conferences.
Pathway 2  Linking with the Work with engineering practitioners in companies.
world of enterprise
Pathway 3  Qutreach Attracting a larger and more diverse intake to undergraduate engineering
courses through linking with schools or direct outreach to young people
Pathway 4  Spontaneous Where a department or institution spontaneously develops EER
Generation
Pathway 5 Top-down EER arising from structural changes in the educational system.
initiatives
Pathway 6  PhD studies Provision and structure of PhD programs for engineering or social
science graduates provides a path to EER.
Pathway 7 Technology Selecting, designing or adapting tools to facilitate learning, evaluation
Stewardship and competence-building on engineering courses.

The overall aim of the Strategic Pathways approach is to produce data and conclusions which will be
of use to those involved in engineering education at departmental, institutional or national policy level
who are interested in developing strategies to encourage engineering educators to pursue the
scholarship of teaching and learning in addition to their specialized engineering research.
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Although our overall research questions would be general ones about the potential of this framework,
in the present work we confine ourselves to considering just one of the proposed pathways and hence
we formulate it as:

Can a study based on Pathway 5 of the Strategic Pathways to EER framework provide useful lessons
for institutions wishing to encourage the practice of research in this area?

Methodology

As we believe this topic has not been explored systematically up to now we have opted for an
exploratory qualitative methodology (Creswell 2002), which in this paper is in the form of a case
study of the Malaysian EER context using bibliometric data.

The Strategic Pathways Framework

Before considering the framework itself, a word about the underlying theoretical concept: our potential
members are typically engineering faculty members whose research activity has been in engineering
and who identify with a community of researchers in their specialist area but often feel less
comfortable about participating in educational research. Although various approaches to the social
character of learning can be found in the literature (Bandura, 1977; Vygotsky, 1978), Lave and
Wenger’s characterization of legitimate peripheral participation in a community which may lead with
time to core participation seems a useful way of viewing the entry path of these potential EER
community members (Lave & Wenger, 1991). This framework this has been sucessfully used as a lens
to study analogous processes in a number of relevant fields ranging from technology, where John
Seely Brown uses it to the describe learning process of new researchers the Palo Alto Research Center
(Brown and Duguid, 2000; Schrage, 2002), to the preparation of engineering graduate students for
faculty careers (Crede et al, 2010).

Given that our first objective was to suggest pathways that would help lead non EER practitioners into
EER, we started to look at ways of defining a relatively small number of broad pathways — i.e. aiming
to give priority to simplicity rather than exhaustive completeness in our framework. We initially
looked at attempts to map recent or future research trends: for example, there have been a number of
approaches to mapping EER themes in publications over the years (Wankat, 1999 and Wankat, 2004;
Whitin and Sheppard, 2004; Osorio & Osorio, 2005; Osario & Osario 2002; Borrego, 2007 and Jesiek
et al 2011). However, these approaches tended to give priority to analysis of journal articles i.e
research by relatively experienced EER practitioners whereas we are more focussed on novice EER
practitioners who might be expected to begin their involvement at the level of conference papers. Also
they tend to present exhaustive lists of research categories (recent examples range from 20 to 38
separate categories). Similarly there have been attempts to propose EER research agendas (Demetry,
1980 and NEERC, 2006) but again the focus here has been on proposing research frameworks for
practiced researchers rather than novices.

Consequently we have opted for subjectively defining 7 potential strategic pathways from our own
experience of attending EER conferences over a number of years. This is one aspect on which we
would welcome discussion during the REES session.

Pathway 5 case-study

In the present paper we exemplify one of the proposed Strategic Pathways, number 5, in the case of
top-down support for EER in Malaysia as a result of the influence of the ABET Engineering Criteria
2000 and the Washington Accord.

Historical context of engineering education in Malaysia

Engineering education in Malaysia started as early as 1957 and today 25 public and private
universities including four foreign branch campuses are providing engineering education in Malaysia
(Mohd Yusof & Mohamad, 2010). To enhance the international mobility and global employability of
Malaysian engineering graduates, efforts were made by the Malaysian Engineering Accreditation
Council (EAC) to be accredited by international accrediting agencies and becoming a member of the
Washington Accord was a means to achieve this objective. EAC was accepted as a provisional
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member of the Washington Accord in 2003 and the existing Engineering Accreditation Manual was
revised to pave the way for Outcome-based Education (OBE) implementation as required. The
implementation of OBE was seen as a remedy for some of the weaknesses attributed to the traditional
engineering education programme and in 2009 EAC Malaysia was finally admitted as a full member
of the Washington Accord (Mohd Yusof & Mohamad, 2010).

Top-down directives may provide opportunities that lead to research activity in areas that were
previously untried. This was the case in Malaysia when the Malaysian Ministry of Higher Education
together with the Engineering Accreditation Council made a decision to adopt outcome based
education (OBE) as the guiding principle in the design of all new engineering programmes in tertiary
education institutions beginning from 2004. To help characterize the development of EER in
Malaysia we will consider the following aspects:

1. EER publication trends before and after OBE;
2. the focus of research interest after OBE;

3. researchers involved;

4. research designs used;

5. available support.

For this particular case study, the information on how EER came into being through Strategic
Pathway 5 was gathered from 33 papers on engineering education in Malaysia (Appendix 1) that
were published in the various conference proceedings and journals. Although, some of the papers
from post OBE implementations may not be related to OBE directly, we believe they do reflect the
research culture on EE at this time.

Findings

The distributions of papers (and percentage in brackets) reviewed are shown in Table 2 and
corresponding chart. As expected, publications intensified after the complete cycle of the OBE
implementation.

Table 2 Distributions of EE publications according to year

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010  2011(April

2(6.3) 1(31) 0(0) 2(6.3) 2(6.3) 4(12.5) 5(156) 7(21.9) 7(21.9) 2(6.3)

<Pre-OBE implementation—> <OBE implementation cycle 1> < Post OBE cycle >

Publications
8
7
6
5
4
3
2
-
0|
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 1 Distribution of EE publications according to year based on Table 2
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Research Trends before and after OBE implementation

Prior to the implementation of OBE in Malaysia, there had been few research publications on
engineering education apart from Alias, Black & Gray (2002), Alias, Black & Gray (2003) and Alias,
Gray & Black (2002). With the implementation of OBE as early as 2004 in some Universities interest
in engineering education - based on published papers — intensified (Mohd Yusof & Mohamad, 2010).
Initially, in the early stages of OBE implementation, the publications were mainly of the “sharing of
knowledge” and “sharing of experience” type. This is understandable since sharing of experience was
much needed at this stage as academicians, education administrators and managers tried to grasp the
implications of the new OBE concept for their own practices. A picture of what went on during this
early stage can best be understood from publications by Noor et al. (2009). Publications on research
oriented activities emerged naturally at a later stage of the OBE implementation. This was probably
due to the need for academicians to identify the impact of OBE on learning and student attributes as
well as the need to identify best practices to achieve the desired learning outcomes. Therefore, the
publications progressively change from the “sharing of experience” type to work describing research
as it is set out in the REES criteria.

Research Focus

The research questions posed by the engineering education researchers reflect research interests of the
EE researchers which can be broadly classified into five areas namely, teaching & learning,
assessment and evaluation, curriculum design, effect of OBE on student learning and the impact of
industrial attachment on graduate attributes.

Teaching and learning

Seven of the research papers reviewed are on teaching and learning and academic success (Akasah &
Alias, 2010; Sidhu and Kang, 2010; Mohd Nopiah et al., 2009; Kassim & Mohd Radzuan, 2008; Md
Kamaruddin et al., 2008; Alias & Md Saleh, 2007 and Alias & Boon, 2005). The teaching and
learning methods investigated include problem-based learning (Mohd Nopiah et al., 2009 and Alias &
Md Saleh, 2007); explicit teaching (Alias & Boon, 2005), contextual teaching (Md Kamaruddin,
2008); conflict scenarios (Kassim & Mohd Radzuan, 2008) and whole-to-part approach (Akasah &
Alias, 2010). Of great concern was also on how best to integrate technology into engineering teaching
and learning (Sidhu & Kang, 2010)

Assessment and evaluation

Irrespective of the approach used, prescribing valid assessments of learning outcomes is always an
issue that needs to be reckoned with. In OBE, this issue raises particular concern as successful
implementation requires valid assessment of multiple dimensions of learning outcomes. So great is
the concern around this issue that it became the research focus of two research Universities, Universiti
Teknologi Malaysia and Universiti Kebangsaan Malaysia (Saidfudin, etal. 2010). In addition,
another research University, Universiti Putra Malaysia, developed an ICT tool for managing
assessment (Jaafar, et al, 2008).

Curriculum design

The implementation of OBE, intensified concern on curriculum design and its impact on the quantity
and quality of engineering graduates among engineering educators as indicated by Zaharim, et al.,
(2007), Osman, (2009), Mustafa, et al., (2008) and Sivapalan (2009). Zaharim et al., (2007), Zaharim,
et al., (2009) and Mustafa et al., (2008) were using their research findings for decision- makings in
curriculum design and revisions for enhancing graduates’ attributes. Still looking at curriculum design
although for a different reason, i.e., the declining trend of enrolment rate in engineering programmes,
research by Mustafa et al. (2008) involved gathering feedback from multiple groups of stakeholders.
A fourth study by Sivapalan, (2009) - a language instructor - was concerned with the English
communication skills of engineering graduates and efforts to improve the existing English curriculum
through student feedback.
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Effect of OBE on student learning

With the implementation of OBE, educators were naturally curious whether the desired outcomes were
achieved as planned. Therefore studies such as that by Zaharim et al., (2007), were conducted to assess
the impact of OBE on learning. Zaharim et al., (2007) compared groups before and after OBE
implementations and discovered that students’ performance declined after the OBE implementation as
might be expected when students try to cope in the new learning environment pertaining to learning
methods, assessment methods and language used in the classroom. Researchers also were interested in
getting a better understanding on factors that contribute to learning success. Zaharim, et al., (2006)
investigated the association between difficulty levels of questions and grade acquired by students
while other researchers looked at the contribution of other factors on learning success such as learning
styles and teaching styles (Shafie & Alias 2007), students’ motivation (Paimin, Hadgraft, Prpic &
Alias, 2011) and students’ initial career decisions (Alias, & Abu Bakar, 2010). Interestingly, EER is
not limited to University degree programmes; pre-engineering degree programmes were also of
interest to EE researchers. An example was a study by Husain & Mustapha (2009) on employability
skills of polytechnic students. Such a study is also important as some of these students would later on
further their studies in engineering degree programmes.

Industrial attachment and student attributes

Of great interest to researchers was the impact of industrial attachment/placement on graduate
attributes and with that, comes the challenge of how best to assess the impact. Many studies such as
those by Omar et al., (2006), Omar et al., (2008), Omar et al., (20009), Abdullah & Zaharim (2008),
Zaharim et al., (2007) and Yusoff (2010) adopted a survey design based on gquestionnaires. Ab
Rahman (2009) however used a pre-post survey design to look at the effect of industrial attachment on
student attributes while Jamil (2011) conducted a similar study at a later date into the implementation
of OBE in 2009. The numerous studies conducted in this area have resulted in accumulated
knowledge on the employability skills required of engineering graduates and this has been synthesized
into a framework for employability skills by Zaharim, et al., (2010).

Researchers’ involved

Out of the 33 papers reviewed, 21 (63.6%) of the studies were conducted by engineering core course
lecturers. Typically, the same researchers are involved in more than one study. Although the number
of researchers is relatively small compared to the pool of researchers in the national engineering field,
the number is definitely an improvement from the pre-OBE era when there were effectively only one
or two people publishing EER. Thus a top-down directive requiring the implementation of OBE has
clearly resulted in a pathway to EER for engineering faculty members where previously EER had not
had a place even on the periphery of their research focus.

Research designs

Over 75% of the publications studied refer to the use of the survey research designs based on
statistical analysis methods that are relatively simple in nature. This indicates that there is a great
focus on describing phenomena. Only five studies used designs that would permit the establishment
of causal relationships between variables. It could be that engineering education researchers are not
interested in establishing causal relationships or simply lacking in the necessary research skills which
is perhaps understandable as expertise in education research methods is still in the process of being
acquired.

Support available

Engineering education interest groups were formed in two research Universities, Universiti
Kebangsaan Malaysia and Universiti Teknologi Malaysia, both of which set up research groups to
focus exclusively on engineering education in their respective Universities. Although these two have
contributed a major share of published research there have also been significant contributions from
others such as the Universiti Tun Hussein Onn Malaysia (UTHM) which supports EER through its
Faculty of Technical Education (FTE): for example, studies by Alias & Boon (2005) and Akasah &

Proceedings of the Research in Engineering Education Symposium 2011 - Madrid



Alias and Williams, Strategic Pathways to Engineering Education Research: case study of a top-down
initiative

Alias (2010) were the result of joint research between researchers from the FTE and the engineering
faculty at UTHM, supported by the national Fundamental Research Grant Scheme.

There are no specific research grants for EER but researchers can compete for the available grants
from the Ministry of Higher Education namely, Fundamental Research Grant Scheme, Long-term
Research Grant Scheme, Exploratory Research Grant Scheme and Prototype Research Grant Scheme.

Discussion

In summary, this article shares the Malaysian experience on how a top-down directive to implement
OBE in the engineering sector has opened up a new pathway for EER in Universities. The
publications studied have quite a broad focus ranging from teaching and learning to industrial
attachments. While the research tends to be of the descriptive type this may be a consequence of the
developing skills among the researchers involved. The volume of research by core course lecturers
appears to be directly related to institutional support provided and although the increase in output is
notable, most of these studies are done by the same group of researchers and the more prolific
researchers come from the more supportive Universities such as UKM that has its own EER Centre
and UTM that has a doctorate programme focusing on EER. Although the national EER activity is
relatively concentrated and involving a minority of engineering educators, it is certainly increasing and
this case study has indeed clearly illustrated the positive role of a top-down directive in promoting
EER.

Conclusions

We have described how a decision at ministerial level resulted in a significant flowering in EER
activity extending over a range of research categories. Although this process it is probably best
considered as the product of a particular national context at a specific moment in the history of its
engineering eduction system, we believe that the case study presented here could provide useful
strategic pointers for those in other national contexts where such measures may be contemplated in
that it suggests that strong support for top-down change did in this context bring about significant
guantitative and qualitative development in engineering education research.
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