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Abstract: Outstanding academic achievement in the field of higher education is a source of pride
for the university. The success of the university is measured not only by academic performance but
also by the quality of graduates produced. In Malaysia, three major categories in higher learning
are identified: public, private, and foreign-branch universities. All engineering programs follow the
requirements set by the Engineering Accreditation Council (EAC) on behalf of the Board of Engineers
Malaysia (BEM). The programme educational objectives (PEOs) make up one of the elements that
needs assessment for ensuring its continuity in line with the university’s mission and vision. A
PEO comparative study on selected reputable electrical and electronic (EE)-engineering department
universities was carried out based on the mapping of PEO attribute keywords. These attributes were
then classified into either cluster, sharing, or uniqueness groups. The study compared the relevancy of
each PEO statement suggested by stakeholders and other interested parties. The results from the PEO
comparative study suggested that attributes on competency, ethics, professionalism, and leadership
are given high priorities. However, the increase in demand for entrepreneurship-, multidisciplinary-,
and soft skills should also be considered when reviewing the institution’s engineering curriculum. The
uniqueness of such attributes will distinguish the EE-engineering graduates’ profession, marketability,
and employability. PEO statements reflect the credibility and sustainability of a well-balanced
graduate equipped with the right knowledge, skills, and values.

Keywords: accreditation; programme educational objectives (PEOs); graduates’ attributes; institutes
of higher learning (IHL); electrical and electronic (EE); sustainable engineering programme

1. Introduction

It is the goal of institutes of higher learning (IHL) to put their reputations and their
names on the top choices of the best-ranking universities [1]. The task requires a paradigm
shift in the entire administration of a higher-learning institution. A good educational
framework and systematic plan are needed to make engineering programmes succeed.
In Malaysia, teaching and learning in engineering education have evolved drastically
with the introduction of output-based education [2—-4]. This OBE system focuses more
on outcomes and the quality of graduates upon completion of their studies. The institu-
tion’s ability to generate graduates with the particular domain stated in the programme
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educational outcomes is to be expected from this system [5]. PEOs also indicate strategic
development in the intended level of career- and professional accomplishment and in the
level of achievement of engineering graduates according to the ABET 2011 standard [6].
According to the requirements, PEOs shall be published with the process, results shall be
assessed, and evidence from stakeholders’ involvement shall be made clear [7]. Malaysian
graduates are also expected to capture eight domains set in the qualification framework
as their learning outcomes, namely: (1) knowledge; (2) practical skills; (3) social skills and
responsibilities; (4) values, attitudes, and professionalism; (5) communication, leadership,
and team skills; (6) problem-solving and scientific skills; (7) information management
and lifelong-learning skills; and (8) managerial and entrepreneurial skills [8,9]. The IHL
must ensure their graduates are equipped with appropriate knowledge and skills to meet
clients’ needs, and training for sustainability is now recognised as essential. The aim of
the study was to identify the most recommended attributes for PEO statements to ensure
the programme offers relevance to the current trend, to ensure it was sustainable for any
changes in industrial demand, and to ensure it met the stakeholders’ requirements.

2. The Aim of the Study

The main objective of this study was to determine which graduate attributes must be
developed for securing employability in a currently demanded market. The results can be
used to evaluate the academic management system by placing the foremost demanded
attributes for engineering graduates. This is to ensure the sufficiency for graduates to have
adequacy in its breadth and depth as required. Initially, the process of identifying them
was performed through a PEO comparative study between universities offering similar
EE-engineering programmes. The analysis and the PEO evaluation are important to ensure
the right attributes are placed for evaluating the overall academic-management system.
This was then followed by commendable action with continuous quality improvement
within the academic-management structure. With a good academic-management model
in place, the quality of graduates is expected to improve together with additional values.
These outcomes are not just to exceed the expectation of learning courses but also to pre-
pare graduates to face the actual working environment [10]. The outcomes will transform
whatever knowledge was learned into fulfilling the needs of stakeholders, including em-
ployers and industries. Moreover, engineering graduates are expected to attain specific
domains relevant to their professional field. Therefore, each institution must establish
dynamic PEOs aligned with its mission and vision. PEO-statement inputs are derived from
internal or external sources such as alumni, students, lecturers, industrial advisory panels
(IAPs), employers, and other stakeholders. As a common practice, PEOs are reviewed
through analysis and discussion on the inputs with industrial advisory panel members.
Another mechanism of obtaining stakeholders” input is through employer questionnaires,
industrial training employer surveys, and alumni surveys [11]. An alumni survey, which
is used a few years after graduates have completed their studies, is one good example of
indirect measurement for assessing PEO achievement [12]. Their career performance is
used to benchmark the real performance and effectiveness of the PEO survey [13]. Indirect
measurement of PEO achievement is then analysed accordingly to programme learning
outcomes (PLOs) attainment for engineering graduates. A PEO-PLO matrix can determine
the coverage of the domains required for engineering graduates.

Questionnaires, interviews, discussions, and surveys were used for evaluating PEOs
and their current engineering demands. Upon completing a circle of assessment, PEOs
will then undergo a preview stage to see the relevancy of their performance indicators,
which were set earlier to meet the current needs [14]. In terms of selecting suitable PEOs,
several approaches were developed according to expected outcomes from graduates within
five years after graduation by professional expertise, innovators, and leadership. PEO
outcome results from the mapping exercise were used to formulate an anonymous online
questionnaire survey as a measure of the PEOs’ attainment [15]. Some institutions even
stipulate the PEOs of the programme without empowering the faculty to develop, own,
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and adopt a consistent set of measurable PEOs [16]. To some extent, the graphical method
of representing PEOs is visualisation, which can complement the standard descriptive
item. The graphics enable the representation of target indicators for each component in
every PEO statement [17]. Though different approaches listed in a presentation can help,
the most important issue is to know how the PEOs were created from their engineering
programme structure. By streamlining potential PEOs, it will be a benchmark towards
accepting commonly shared attainable graduate attributes.

Comparative PEO studies for engineering institutions are used to analyse the pattern
of attributes shared and embedded in improving teaching and learning processes. Similarly,
the comparison performed with target-attainment levels for each performance measure
provided satisfactory results of the programme [18]. The most-popular PEO attributes
among these institutions can become a preference PEO among institutes offering simi-
lar engineering programmes. Perhaps the most-significant aspect of PEO comparative
studies is to highlight the current trend on the type of skills and the type of engineering
personality the industry is looking for. With the outcomes, each university can review and
start to improve the stakeholders” demand with continuous-quality-improvement (CQI)
activities [9,19]. Studies on engineering, including the results on engineering graduates’
skills [20], have become eminent and have expanded to other Middle East and African
regions. In Malaysia, besides meeting EAC and MQF requirements, lately, conceive—design—
implement—operate (CDIO)-initiative approaches have also received positive feedback
in evaluating engineering programmes [21]. Various inputs, opinions, and views from
different stakeholders tend to improve the programmes and produce better PEO choices.
Moreover, engineering institutions can explore other options and can share their engineer-
ing education best practices. This is to ensure that the programmes offered are relevant and
sustainable to meet the current demand.

3. Methodology

The methodology used in this PEO comparative study was based on electrical and
electronic engineering programme-educational-objectives (PEO) statement data, which
were taken from the official website of each IHL. A total of 30 Malaysian institutions of
higher learning offering EE-engineering programmes were selected. These recognised
engineering institutions were registered earlier under the Ministry of Higher Education
(MoHE), which is currently known as the Ministry of Education (MoE). The PEO definition
stated in the Engineering Accreditation Council (EAC) manual was used throughout
this comparative study involving accredited engineering universities. The term used is
compatible with that of ABET and other recognised engineering accreditation bodies.

Malaysian higher education has four categories: public universities, private univer-
sities, foreign branches, and college universities. Firstly, public universities are divided
into research universities (RU) or non-research universities (NRU). Secondly, the private
universities (PU) are divided into two groups: semi-government universities (SGU) or full
private universities (FPU). Thirdly, institutions that have their subsidiaries in Malaysia are
known as foreign-branch universities (FBU). Lastly, there is a category of institutes offering
engineering courses known as university colleges (UC), and this category was selected.
To compare them globally, another twenty (20) reputable universities offering Bachelor of
Electrical and Electronic Engineering programmes were added from the USA, UK, Aus-
tralia/New Zealand, and Asian regions, thus making up a total of fifty (50) universities
accounted for in this global PEO comparative study (refer to Table 1).
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Table 1. Malaysian universities and university colleges together with other global regions’ reputable
universities offering Bachelor of Electrical and Electronic Engineering programmes.

Foreign Univ
Public (RU) Public (NRU) Private (SGU) Private (FPU) Branch Univ Colleges us UK Aust/NZ Asian
(FBU) Uo)
UM UTeM UNITEN Taylor’s Univ Curtin TARUC MIT Cambr Meg’oume Natl Univ
nv Singapore
. . Australia UsT
UKM UTHM UTP AIMST Univ Swinburne KLMUC Stamford Oxford .
Natl Univ HKong
uc Tsing
USM UPNM MMU Inti Univ Monash KDUC B Imp College UNSW Univ
erkeley Chi
ma
. . R . Stamford Caltech Manchester Sydney Tokyo U
UPM UniMAP Unisel SEGi Univ Nottingham uc Unv Univ Univ Japan
; Seoul Natl
. Univ Of College Auckland .
UM UMP UniKL ucst Tllinois London Uni, NZ Univ-
Korea
UiTM UTAR
5 5 6 6 4 4 5 5 5 5
Total Numbers of Universities = 50
As for PEO statements, a list of twenty-eight (28) attribute keywords was identified
from PEO statements gathered. These attributes are itemised and coded using PEO01 until
PEO28 (Refer to Table 2). These PEO key attributes were taken directly from each univer-
sity’s Electrical and Electronics Engineering Department official websites. The domain
attributes focus more on the above courses offered in these institutions of higher learning.
Table 2. Listing of PEO01-PEO10 (matches EAC Manual) while PEO11 and above are additional.
Code Key Attributes Term Code Key Attributes Term
PEOO01 Knowledgeable in engineering PEO15 Career-building /personal qualities development
PEO02 Communications/interpersonal skills PEO16 Creative and innovation engineers
PEOO03 Competency in field /tech expert/Registered PEO17 Continue Education/Professional development training
PEO04 Problem-solving PEO18 Carrying research and development work
PEOO05 Know-how skills/productive/system approach PEO19 Practice/contributes expertise (social contribution)
PEO06 Sustainability development awareness PEO20 Possess military leadership/profession
PEO07 High ethics values and Professionalism PEO21 Possess engineering management
PEO08 Individual Leadership /Teamwork PEO22 Proficiency of soft skills
Cultural, environment, economic, safety,
PEO09 cost/Global Impact/changes PEO23 Forefront of technology
PEO10 Lifelong learning PEO24 Commercialised products
PEOI11 National Inspirational /belonging PEO25 Project management/finance
PEO12 Focus on niche/specialised area PEO26 Globalisation/international
PEO13 Entrepreneurship PEO27 Information technology
PEO14 Multidisciplinary /skills engineers PEO28 Others

PEO mapping for the electrical and electronic engineering department from selected
universities are compared with the listed PEO domain. Data are collected and summed
up based on PEO itemised code. Each attribute is then plotted in matrix form against
attributes term found in their respective Electrical and electronic engineering PEO state-
ment. Histograms are used to represent graphical displays for better visualisation for
identifying frequency of attributes which occur in each itemised PEO codes. Meanwhile,
the Venn diagram is used to illustrate the attributes’ grouping categories either as common,
sharing, or uniqueness associated to each attainment attribute. The common group refers
to those attributes that are dominantly used by the majority. The sharing group refers to
those attributes that are shared between two or more university stakeholders. Finally, the
uniqueness group is defined as any extraordinary attributes that are not shared and become
their own independent groups in fulfilling their missions and visions. Data obtained from
the selected institution are then analysed visually according to the summation of PEO
attribute keywords. Analysis of data shows PEO domain attributes had a different niche
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and different area of interest. Listed below are 10 categories of selected EE-engineering
universities used in comparing the PEO statement attribute keyword.

(a) PEO comparison among Malaysian public research universities (RU)

(b) PEO comparison among Malaysian public non-research universities (NRU)

(¢) PEO comparison among Malaysian private universities (either SGU or FPU)

(d) PEO comparison among Malaysian university colleges (UC)

(e) PEO comparison among Malaysian foreign branch university (FBU)

(f) PEO comparison among reputable United States universities (US)

(g) PEO comparison among reputable United Kingdom universities (UK)

(h) PEO comparison between reputable Australia and New Zealand universities
(Australia/NZ)

(i) PEO comparison among selected reputable Asian universities (Singapore, Japan,
Korea, HK, China)

() PEO overall analysis for electrical and electronics (EE) engineering programmes

3.1. Malaysian Public Research Universities (RU)

Public universities with research status in Malaysia have to be active in generating
new ideas, especially in the latest research niche such as renewable energy, optics, medicine,
etc. As seen in Table 3, the most common PEO statement used by the public’s research
university is to incorporate creativity and innovation (PEO16) in engineering careers. Apart
from aiming the niche for the institution, public research university activities are also
focusing on the high ethics and professionalism (PEO07) of their research work.

Table 3. Malaysian research university attributes.

Classification POs Attributes of Research University (RU)

Cluster (Dominant) PEO7 High ethical values and Professionalism
PEO16 Creative and innovative engineers
PEO1 Knowledgeable in engineering
PEO3 Competency in field /tech expert/registered

Sharing (Stakeholder Input) PEO6 Sustainability development awareness

PEOS8 Individual Leadership/teamwork
PEO18 Carrying research and development work
PEO5 Know-how skills/productive/system approach

Uniqueness (M&V)

Promote general sustainability in cultural, environmental, economic,

PEO9 safety, cost/global Impact/changes

PEO10 Lifelong learning

PEO11 Inspirational of Malaysia

PEO15 Career-building/personal quality development
PEO17 Continue education/professional development training
PEO22 Proficiency of soft skills

PEO23 Forefront of technology

Research universities must ensure all research outcomes, ideas, patents, plagiarism,
and copyright issues are in order. On top of these, research universities are inspired to
produce more engineers who have leadership capabilities, sustainability awareness, and
competency in their respective engineering fields. In preserving a reputation as a research
university, the institution is expected to produce quality with innovative outcomes from
these graduates. Many awards and academic achievements are obtained through good
results of research and development work. With such engineering education transformation,
research universities have directly contributed to ensuring success by appearing in the
international arena with the latest innovations and distinguishable research outcomes.
From the data (Figure 1), the result shows research universities shun away from a wider
scope of engineering areas but concentrated more on producing higher-value research
papers and outcomes. Details of the PEO selections of Malaysian research university have
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been published in one of the writers” submitted journals [22]. The histogram chart for
research universities (RU) offering an EE programme (UKM, UM, USM, UPM, UTM) is
depicted in Figure 2. Ethics, creativity, and innovation are the most popular attributes
among those selected in the list.

RESEARCH
UNIVERSITIES

PEO2
PEO4
PEO12
PEO13
PEO14
PEO19
PEO20
PEO21
PEO24

Figure 1. PEO for Malaysian research universities (RU).
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Figure 2. Histogram chart for research universities (RU) offering EE programme (UKM, UM, USM,
UPM, UTM).
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3.2. Malaysian Public Universities (Non-Research Universities)

There is a plain distinction between public research universities and non-research
public universities, which are more focused. Differences in PEO attributes are made clear
when focusing on the university’s objectives (refer to Table 4). Most of the non-research
universities focus on a specific goal aligned with the mission and vision of the university.
Competency in the field of technical expertise is the highest for each non-research university.
The technical competency covers an about 80% ratio including those of UTeM, UPNM, UMP,
and UniMAP. Each university listed has its own special technical competencies (PEO3)
specialising in technology engineering fields. This involved manufacturing, agriculture,
construction, electronics, and service sectors. Apart from producing competent graduates,
non-research universities also emphasise leadership and teamwork (PEOS8) as another
focal attribute.

Table 4. Malaysia non-research university attributes.

Classification POs Attributes of Non-Research Universities
. PEO3 Competency in field/tech expert/registered
Cluster (Dominant) PEOS Individual leadership /teamwork
PEO7 High ethical values and professionalism
Sharing (Stakeholder Input) PEO10 Lifelong learning
PEO18 Carrying research and development work
PEO1 Knowledgeable in engineering
PEO13 Entrepreneurship
PEO15 Career-building/personal qualities development
Uniqueness (M&V) PEO16 Creative and innovative engineers
PEO17 Continue education/professional development training
PEO19 Practice/contributes expertise
PEO20 Possess military leadership/profession

Engineering courses offered involved both theory and practical “hands on” aspects
as part of the learning programme to consolidated balance attainment among graduates
an electrical and electronic engineering programme. In general, non-research universities
run their programmes by focusing more on actual industrial needs and utilising their own
internal engineering technologies niche, as illustrated in Figure 3. In carrying out technical
work, students also upheld high ethical and professional standards and extending lifelong
learning in engineering technologies. Non-research universities not only have engineering
theory but lean more towards the hands-on experiences to focus on achieving competency
in their field of expertise. A PEO histogram chart for non-research universities (NRU)
offering EE programme (UTeM, UTHM, UniMAP, UMP, UPNM) is depicted in Figure 4.
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NON-RESEARCH
UNIVERSITIES

Figure 3. PEO for Malaysian non-research universities (NRU).
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Figure 4. PEO histogram chart for non-research universities (NRU) offering EE programme (UteM,
UTHM, UniMAP, UMP, UPNM).

3.3. Malaysian Private Universities (PU)

From Table 5, the PEO that dominates the most in private institution for electrical and
electronic engineering is competency (PEO03) and the ability to develop leadership and
teamwork (PEOO08) in an organisation by promoting teamwork in a more challenging posi-
tion. For private semi-government universities (SGU), the emphasis is more on competency,
teamwork leadership, and on multidisciplinary skills. Fully private institutions (FPU),
however, have chosen leadership and teamwork as their central pillar in PEO statement
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choices. Both of these domains, as highlighted by the universities, are directly linked to the
leadership qualities of the engineering graduates.

Table 5. Malaysian private university attributes.

Classification Pos Attributes of Private Universities (SGU/FPU)
Cluster (Dominant) PEO3 Competency in field/tech expert/registered
PEOS8 Individual leadership /teamwork
PEO2 Communications/interpersonal skills
PEO7 High ethics values and professionalism

Promote general sustainability in cultural, environmental,

PEO9 .
Sharing (Stakeholder Inpu) pEo1 economic,safety, costglobal Impac/changes

PEO14 Multidisciplinary /skills engineers
PEO17 Continue education/professional development training
PEO18 Carrying research and development work
PEO19 Practice/contributes expertise
PEO1 Knowledgeable in engineering
PEO4 Problem-solving
PEO6 Sustainability development awareness

Uniqueness (M&V) PEO12 Focus on niche/specialised area
PEO13 Entrepreneurship
PEO16 Creative and innovation engineers
PEO22 Proficiency soft skills

Private universities are capable of producing a fresh generation of graduates not only
technically competent but also emphasising on the quality aspects of the employability
of their graduates. In order to be relevant to the job market, few additional attributes
could supplement some of the gap left by public universities in retaining the employability
among engineering graduates. Overall, most private universities in Malaysia do not focus
too much on research or anything to do with highly intensifying research and development
projects in IHL, instead focusing more on how to market their graduates with correct
skills such as leadership and competency in their fields of study (see Figures 5 and 6).
A PEO histogram chart for private universities (SGU/FPU) offering an EE engineering
programme (UNITEN, UTP, MMU, UNISEL, UNIKL, UITM, TAYLOR, AIMST, INTI, SEGI,
UCSI, UTAR) is depicted in Figure 7.
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PRIVATE (SG)
UNIVERSITIES

PEO1
PEOS
PEO9
PEO10
PEO11
PEO19
PEO20
PEO21
PEO22
PEO23
PEO24

Figure 5. PEO for Malaysian private semi-government universities (SGU).

Figure 6. PEO for Malaysian fully private universities (FPU).
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Figure 7. PEO histogram chart for private universities (SGU/FPU) offering an EE engineering pro-
gramme (UNITEN, UTP, MMU, UNISEL, UNIKL, UITM, TAYLOR, AIMST, INTI, SEGI, UCSI, UTAR).

3.4. Malaysian University Colleges (LUIC)

There is no one dominant choice of PEO statements chosen by most institutions of
higher learning under university colleges categories in Malaysia (refer to Table 6). Engi-
neering knowledge (PEO1) and competency (PEO3) are more of a complacency for their
attributes’ choices. As a matter fact, each university colleges have their own way of defining
PEO based on each university college’s mission and vision statements. They use their own
strategy of producing engineering graduates in compliance with the conditions set by the
Engineering Accreditation Council (EAC) to produce quality engineering graduates. The
comparison study found that University College’s institution is focused more on domains
that are not conventionally used. For example, they emphasise multidisciplinary skills
(PEO14). Additionally, some colleges added the PEO statement that leads to expand-
ing engineers’ capability in the field of entrepreneurship (PEO13) and communication
skills (PEOQ2).

The strategy being used is in helping their graduates to be accepted and in venturing
into new engineering opportunities in a market that is already saturated and competitive.
This phenomenon brings into the job market a larger group of engineers with supple-
mentary skills aside from electrical and electronic know-how. Obviously, each university
college has its diverse programme targets for their graduates. The PEO statement needs to
reflect shareholders’ needs to compete healthily with other public and private institutions.
With action taken, college universities are hoping to benefit their graduates to be more
progressive and to quickly adapt to market changes. Overall, similar to that of private
institutions, the university college is more distanced from research-based activities but
instead focusing on the adaptability of engineering graduates with multidisciplinary skills
(entrepreneur, communication, specialised management, commercialised product, etc.)
(see Figure 8). A PEO histogram chart for university colleges PEO offering an EE engineer-
ing programme (KDU, STAMFORD, TARUC, KLMUC), as depicted in Figure 9.
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Table 6. Malaysian university college attributes.

Classification Pos Attributes of University Colleges (Ucs)
Cluster (Dominant)
. PEO1 Knowledgeable in engineering
Sharing(Stakeholder Input) PEO3 Competency in field/tech expert/registered
PEO2 Communications/interpersonal skills
PEO4 Problem-solving
PEO5 Know-how skills/productive/system approach
PEO6 Sustainability development awareness
PEO7 High ethics values and professionalism
PEOS8 Individual leadership /teamwork
Uniqueness (M&V) PEOY Promote general sustainability in cultural, environmental, economic,
safety, cost/global Impact/changes
PEO12 Focus on niche/specialised area
PEO13 Entrepreneurship
PEO14 Multidisciplinary/skills engineers
PEO16 Creative and innovation engineers
PEO17 Continue education/professional development training
PEO21 Possess engineering management
PEO24 Commercialised products
COLLEGE
UNIVERSITIES

PEO10
PEO11
PEO15
PEO18
PEO19
PEO20
PEO22
PEO23

KLMUC

PEO2
PEO4

STAMFORD
PEO7
PEOY
PEO17
PEO21

PEO8
PEO13

Figure 8. PEO for Malaysian university colleges (UC).
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Figure 9. PEO histogram chart for university colleges PEO offering an EE engineering programme.
(KDU, STAMFORD, TARUC, KLMUCQ).

3.5. Malaysian Foreign Branch University (FBU)

Two PEO attributes are clearly identified from foreign universities with branches
in Malaysia. The first area is on developing leadership and teamwork (PEO08) among
talented graduates, embedded with the latest engineering knowledge and promoting the
engineering environment, economic, safety, and cost impact (PEO09) knowledge needed to
assist them in sustaining social development (refer to Table 7).

Table 7. Malaysian foreign branch universities attributes.

Classification

Pos Attributes of Foreign Branch Universities (FBU)

Cluster (Dominant)

PEOS Individual leadership /teamwork
Promote general sustainability in cultural, environmental, economic,

PEO9 safety, cost/global Impact/changes
. PEO1 Knowledgeable in engineering
Sharing(Stakeholder Input) PEO7 High ethics values and professionalism
PEO3 Competency in field/tech expert/registered
PEO5 Know-how skills/productive/system approach
. PEO6 Sustainability development awareness
Uniqueness (Mé&V) PEO10 Lifelong learning
PEO14 Multidisciplinary /skills engineers
PEO15 Career-building/personal qualities development

Investing a large sum of money is expected to generate quality education for foreign
universities to have branches in Malaysia. With experienced educators and expatriates
brought into their Malaysian campuses, it strengthened the university in providing quality
courses. With this collaboration, the plan could help to uplift the graduates’ quality globally
in order to maintain the reputation of their primary institutions. It is not surprising that the
quality of education is designed to produce graduates who are not only knowledgeable
but also the future leaders of their respective organisations. Many foreign universities
offering engineering programmes in Malaysia give the opportunity for Malaysians to gain
experience at their main campuses overseas. Almost all foreign branches had differentiated



Sustainability 2022, 14, 1280 14 of 29

themselves and their prestigious graduates. Overall, PEO for these universities seems to
have similar main pillars with research and non-research universities such as leadership
and teamwork, and ethics. However, a particular emphasis on sustainability on the global
environment is notable (see Figure 10). Being established in the higher education field
worldwide justified their establishment to focus more on global issues. A histogram chart
for the foreign universities with branches in Malaysia offering an EE programme is depicted
in Figure 11.

FOREIGN BRANCH
UNIVERSITIES

PEO2
PEO4
PEO10
PEO11
PEO12
PEO13
PEO16
PEO17
PEO18
PEO19
PEO20
PEO21
PEO22
PEO23
PEO24

MONASH

pEOLS NOTTINGHAM
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Figure 10. PEO for foreign universities with branches in Malaysia.
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Figure 11. PEO histogram chart for the foreign branch universities offering EE programme (Curtin,
Swinburne, Monash, Nottingham).
3.6. Global Universities Views on EE Engineering Graduates

Looking at global regional views, electrical and electronic engineering graduates
prefer to have some essential skills required for their profession. The following summary
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represents some differences in perception gathered from what other world reputable
engineering universities have when it comes to preparing holistic attributes for future
electrical and electronic (EE) engineers.

3.6.1. United States of America (USA)

Five reputable well-known universities offering engineering programmes are selected
for PEO comparative studies based on their expected objectives. The selected universities
are the Massachusetts Institute of Technology (MIT), Stamford University, University of
California at Berkeley, California Institute of Technology (CalTech), and the University
of Illinois (refer to Figure 12). These reputable engineering universities were chosen
following their high personal contribution in the marketability and employability of EE
engineering graduates. Leadership among engineers (PEOS8) was given a top priority
among selected programmes objectives. The other most preferred PEO attributes for
engineering are on continuous education for graduates’ competencies/skills (PEO3), and
not least on engineering professionalism and ethical values in society (PEO7). Most of
the US engineering universities applied ABET programme outcomes as their preferred
standard. PEO choice might defer according to each institution specialty and the focus in a
particular niche.

MIT
PEO3
PEOY9

PEO16

Stamford Univ
PEO2
PEO21

Unv of Illinois
PEO15

Califc:,rEv:i)ﬂ1 Tech Unv of Califomia

PEO18 Berkeley

Figure 12. PEO used by the United States of America (USA)’s reputable engineering universities.
3.6.2. United Kingdom (UK)

Similarly, five reputable and well-known UK universities offering engineering pro-
grammes are selected for PEO comparative studies. The universities selected are Cam-
bridge, Oxford, Imperial College of London, the University of Manchester, and the Univer-
sity of College London (refer to Figure 13). All these five prestigious UK institutions are
among the best student placements for engineering programmes in the UK. Among the
highest PEO attributes emphasis for EE engineering graduates are leadership and team-
work (PEOS) as well as on student competency (PEO3). Additionally, many UK engineering
universities are focused more on competitiveness and continuing education/professional
development training (PEO17) to excel in their engineering careers. The other PEO at-
tributes emphasised are personal development qualities (PEO15) in order to prepare them
in facing challenges within their engineering careers.
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Cambridge
PEO4

Figure 13. PEO used by the United Kingdom's reputable engineering universities.

3.6.3. Australia and New Zealand

The five reputable engineering universities of Australia and New Zealand that were
chosen are the University of Melbourne, Australia National University, the University
of New South Wales, the University of Sydney, and the University of Auckland (refer to
Figure 14). All these institutions are considered to be among the best universities in the
southern global hemisphere region offering EE engineering programmes. Some of their
most remarkable PEO attributes are in engineering knowledge (PEO1). Other high priorities
include graduates with great interpersonal and communication skills (PEO2), problem-
solving skills (PEO4) and graduates possessing high ethics and professionalism (PEO?).
Meanwhile, the application of the CDIO concept in the engineering education framework
was adopted among Australian engineering institutions. Those listed PEO attributes are
given top preferences in almost all Australian and closely associated institutions offering
engineering programmes.

Unv Aus Nat
Auck,NZ Unv

PEO PEO

Figure 14. PEO used by Australia and New Zealand’s reputable engineering universities.
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3.6.4. Other Asian Universities

Five best-known institutions of higher learning in the Asian region offering engi-
neering programmes are chosen for this PEO comparative study, which are the National
University of Singapore, the University of Science and Technology, Hong Kong, Tsinghua
University, China, University of Tokyo, Japan and Seoul National University, Korea (refer
to Figure 15). All these prestigious universities in Asia are among the best in the region
offering EE engineering programmes in their campuses. From the comparative study
outcomes, it is clear that the most sought-after traits of engineers produced based on
PEO statements are leadership and teamwork (PEOS8). On top of the two attributes, work
ethics/professionalism (PEO7) and continuous lifelong education (PEO10) were also given
priority. Most of the Asian engineering graduates are capable of taking the challenge in
facing current emerging issues and its impact on society. Most Asian engineering universi-
ties are focused on issues related to environment and engineering impact (PEO9). Another
focal point is developing technical soft skills (PEO22) in facing globalisation challenges. To
remain competitive, these reputable Asian universities are developing engineers as talented
scientists and researchers in their respective engineering fields.

p N
NatlUn \
Sing (UNS) .

UnV Sc&T
Seoul \

Natl Unv PEO14 |

Unv Tokyo
JPN
PEO6

CHN /
PEOL |

Figure 15. PEO statement used by selected reputable Asian engineering universities.

4. Results and Analysis
4.1. Overall Analysis for Electrical and Electronics (EE) Programme from Global Perspectives

Figure 16 shows PEO attribute keywords chosen among selected global institutions of
higher learning offering electrical and electronics engineering programmes. In summary,
the overall result shows that the most popular domain chosen by reputable universities
globally (USA, UK, Australia/New Zealand, and selected reputable Asian universities) are
as follows:

1.  Building up leadership capability among EE engineering graduates (PEO08);

2. High ethical values among EE engineering graduates especially on issues related to
environments, sustainability, safety, health, and societal issues (PEO07);

3. The importance of obtaining competencies and technical qualifications among EE
engineers towards becoming professionals (PEO3); and

4. Emphasis on personal development (PEO15) among EE graduates in those reputable
engineering universities.
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Figure 16. Global PEO attribute keywords chosen mostly by universities offering EE engineering
programmes in the USA, UK, Australia/New Zealand, and Asian universities.

Table 8 illustrates the preferred PEO attributes choice of which the author has segre-
gated them into four different scale categories.

Table 8. List of attribute keywords chosen in EE engineering programmes educational objectives
(PEO) statement.

Classification PEO Attribute Keywords World Region
PEO3 Competency in field/tech expert/registered US/UK/AUS/NZ/ASIAN
Most Popular Domain (External Factor) PEO7 High ethics values and Professionalism US/UK/AUS/NZ/ASIAN
>8 PEOS8 Individual leadership/teamwork US/UK/AUS/NZ/ASIAN
PEO15 Career-building/personal qualities development US/UK/AUS/NZ/ASIAN
PEO1 Knowledgeable in engineering US/UK/AUS/NZ/ASIAN
PEO2 Communications/interpersonal skills US/UK/AUS/NZ/ASIAN
PEO4 Problem-solving UK/AUS/NZ/ASIAN
Highly Popular Domain (External Factor and Promote general sustainability in cultural,
Niches/Cluster) PEO9 environmental, economic, safety, cost/global UK/ASIAN
3<x<8 Impact/changes
PEO10 Lifelong learning US/UK/AUS/NZ
PEO12 Focus on niche/specialised area UK/AUS/NZ/ASIAN
PEO17 Continue educaﬁonté Eirrtl)ifs;sional development US/UK/AUS/NZ
PEO21 Possess engineering management US/AUS/NZ/ASIAN
PEO23 Forefront of technology UK/AUS/NZ/ASIAN
PEO5 Know-how skills/productive/system approach us
. . X PEO6 Sustainability development awareness AUS/NZ/ASIAN
Less Popular Domain (Internal Factor/University PEO14 Multidisciplinary/skills engineers UK/AUS/NZ/ASIAN
Choice) PEO16 Creative and innovation engineers US/UK/AUS/NZ
T<x<4 PEO18 Carrying research and development work US/ASIAN
PEO24 Commercialised products ASIAN
PEO11 Inspirational of Malaysia
PEO13 Entrepreneurship
PEO19 Practice/contributes expertise
Unique Domain PEO20 Possess military leadership /profession
(M&V) PEO22 Proficiency in soft skills
<2 PEO25 Project management/finance AUS/NZ
PEO26 Globalisation/international
PEO27 Information technology
PEO28 Others

1.  Most Popular Domain (External Factor) represents total PEO chosen keyword fre-
quency of 8 and above. This category is considered as the most popular choice among
institutions. Normally, it is influenced by external factors based on each institutional
choice of PEO statements.
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2. Highly Popular Domain (External Factor and Niches/Cluster) represents total chosen
keyword frequency between 4 and 8. This category is considered as highly popular
and commonly acceptable PEO attribute keywords among institutions of higher
learning. It is influenced by external factors and some representative with its niche
and focuses on their cluster area.

3. Less Popular Domain (Internal Factor/University Choice) represents the total chosen
keyword frequency between 1 and 4. This category is considered less popular com-
pared to earlier PEO attribute keywords. However, it has its own values and domains,
which may be added to each institution’s reputable choices.

4. Unique Domain (M&V) represents a chosen keyword frequency of less than 2. This cat-
egory is considered the least preferred choice and is considered a unique attribute for
each selected university. It is seldom used to meet the university’s vision and mission.

4.2. Overall PEO Statement for Electrical and Electronics (EE) Engineering Programmes
in Malaysia

Based on the Venn diagram shown in Figure 17, there are four main attributes in
the PEO statement identified for electrical and electronic engineering programmes in
Malaysia. The first attribute or trait objectives is to achieve qualifications and competency
(PEOO03) among EE engineering graduates. Securing this attribute will ensure that the
continuity in their career as expert engineers be retained and maintained. The second
attribute is to achieve and grow their capability of becoming a leader (PEOO08) in their
professional working groups. The trait of leadership will ensure graduates’ credibility and
confidence in managing technical matters in various EE engineering organisations. Thirdly,
EE engineers are expected to put emphasis on ethics (PEO07) in carrying out their duty as
trained engineers. Finally, there is also an emphasis on acquiring engineering knowledge
(PEO1) among them. In summary, these selected attributes clearly demonstrate that the
EE engineering programme is very much concerned with producing engineers who can
lead the organisation with engineers’ high moral understanding, professional roles, and
responsibility to the society.

DISTRIBUTION OF
PEO AMONG
UNIVERSITIES

Private /
Universities PEO12 |

gecz College Unhlersnisa/
PEO21 /
PEO24
,//
S y
U -
Figure 17. PEO statement used in Malaysian universities offering EE engineering

programmes (overall).

In Malaysia, the PEO statement was aligned properly as set by the demands of stake-
holders. Most universities are demonstrating them by engaging their graduates to achieve
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attributes that match with the needs of the industries. From Figure 18 and Table 9, the
chosen PEO attributes include knowledge of engineering, competency in the field of
expertise or registered, high ethics values and professionalism, and finally, individual
leadership/teamwork. Acquiring such domains will improve the quality of EE engineer-
ing graduates. Most of these PEO domains come from distinct inputs provided by the
stakeholders. EE engineering graduates with a high level of competency are highly in
demand to fill up engineering jobs. Good ethics and professionalism are also considered
advantageous values serving the engineers working in both public and government sectors.
These noble attributes measure the level of responsibility and accountability among local
engineers. Malaysian institutions choose individual leadership and teamwork as part of
their institutions” pillars. By attaining these attributes, local EE engineers can prepare
themselves to become future leaders in their respective organisations.
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Figure 18. Histogram chart among RU, NRU, private, and foreign branch universities offering
electrical and electronic (EE) engineering programmes in Malaysia.

Table 9. Overall Malaysian EE engineering universities attributes listing.

Classification POs Attributes (Overall Malaysian Universities) Categories
PEO1 Knowledgeable in engineering 12345
Most Popular Domain (External Factor) PEO3 Competency in field /tech expert/registered 12345
>8 PEO7 High ethics values and professionalism 12345
PEO8 Individual leadership/teamwork 12345
PEO6 Sustainability development awareness 1345
PEO10 Lifelong learning 1235
Highly Popular Domain PEO14 Multidisciplinary/skills engineers 2345
(External Factor and Niches/Cluster) PEO15 Career-building/personal qualities development 125
3<x<8 PEO16 Creative and innovation engineers 1234
PEO17  Continue education/professional development training 1234

PEO18 Carrying research and development work 123
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Table 9. Cont.
Classification POs Attributes (Overall Malaysian Universities) Categories
PEO2 Communications/interpersonal skills 34
PEO4 Problem-solving 34
Less Popular Domain (Internal PEO5 Know-how skills/productive/system approach 145
Factor/University Choice) PEO12 Focus on niche/specialised area 34
l<x<4 PEO13 Entrepreneurship 234
PEO19 Practice/contributes expertise 23
PEO22 Proficiency soft skills 13
PEO11 Inspirational of Malaysia 1
Unique Domain PEO20 Possess military leadership/profession 2
(M&V) PEO21 Possess engineering management 4
<2 PEO23 Forefront of technology 1
PEO24 Commercialised products 4

Note: 1 (research university) 2 (non-research university) 3 (private university) 4 (university colleges); 5 (foreign
branch universities).

5. Discussions and Findings among Malaysian Universities
5.1. Research University (RU) Tend to focus on Ethics, Professionalism and Innovation (Cluster)

Research universities are focused mainly on research as part of producing engineers
who are capable of carrying out research as well as producing significant publications from
their research outcomes. Most research universities strongly emphasise ethical values in
their research. Most of the scientific manuscripts from research universities in Malaysia are
value-added and can potentially be commercialised by industries as well as for government
future planning.

5.2. Non-Research Universities (NRU) Tend to Do Research and Innovation Works towards
RU Recognition

As for non-research universities in Malaysia, some significant efforts and initiatives
are driven to be a part of the larger research community. The attributes are considered
as attractive attributes chosen by many non-research universities. Some of the attributes
chosen for non-research group clusters will become niches for the institutions. Most
attributes are derived from external factors after discussions and interactions with the
stakeholders. The outcomes from the discussions with interested parties might be a valuable
input for developing these PEO attributes. The potential attributes vary from sound
engineering knowledge to sustainability, leadership, lifelong learning, multidisciplinary;,
career building, creativity, innovation, continuing education, and blended efforts to become
part of the culture of communities within the research universities.

5.3. Non-Research Universities (NRU) and Private Universities (SGU/FPU) Are Having Similar
Trends in Attributes Distribution

There are some similarities identified among non-research universities and private
universities in Malaysia. Most of their PEO statements are varied and cover a wide range
of attributes. Among the distinguishing items that were discovered is that non-research
institutions are also gearing up and preparing themselves to become part of research
institutions in the future. There are a number of activities being identified such as carrying
R&D, advocating the importance of continuing education and lifelong learning, working
towards creation and innovation, as well as engagement in multi-disciplinary and research
areas. With the increasing number of research outcomes from non-research and private
universities, it indicates that competition between institutions in Malaysia is getting closer.
By the year 2020, it is expected that more non-research institutions will join their established
research universities to further spearhead the development of engineering education in
the country.
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5.4. Foreign Branch Universities (FBU) Adopt Main Overseas Concepts Such as Sustainability
Issues, etc.

As for foreign branch universities established in Malaysia, nothing much can be
expected of them since most of the PEO pillars might derive from their main overseas
campuses. Among them are attributes used in many advanced countries such as sustain-
ability issues. So much has been mentioned about developing a sustainability concept in
developing technology, the environment, and public awareness in general. Apart from
producing excellent graduates, many foreign universities in Malaysia are working hard to
create a sustainable environment for the benefit of global factors as well as local community
development programmes. The idea is in preserving the world as a suitable place to work
and study as well as in creating awareness among engineering activities worldwide.

5.5. College University (CU) Institutions Use Extensive and Broad Choices of
Graduates Attributes

Since the number of statuses of university colleges in Malaysia is still in its infancy,
the curriculum structure towards engineering studies is quite general. Each of these
institutions might have their way of producing graduates. There is no clear pattern in terms
of focusing or selecting niches in their programmes. Programmes cover basic fundamental
engineering knowledge, communication, competency, and problem-solving, as well as
carrying every single attribute available to match each institutional path. Some university
colleges even promote collaboration with overseas universities and colleges by offering
twinning programmes. This phenomenon offers their students experience in continuing
their studies overseas. However, the students have to prove a sound and upright education
track record in order to pursue their studies abroad.

5.6. Critical Findings on the Objective for PEO Establishment and Revision

One way for setting good objectives is to carry out gap analysis among PEO of
different universities and colleges offering EE engineering. This study can be a benchmark
in comparing PEO pillars used in setting up a more realistic and achievable PEOs. The
study will recommend the institutions perform a PEO revision and upgrade should there be
any significant additions to the attributes to meet the stakeholders” demands. Additionally,
not only are the PEOs to be improved but they should also be considered to be at par
with the requirements of accreditation bodies as well as to establish a firmer foundation of
IHL in enhancing the institutions’” mission and vision statements. This revision becomes
a more orderly approach in creating the PEO, which is more relevant to the needs of
shareholders, as well as improving the graduates’ acceptability to meet employability
expectations from employers. Most of the current inputs might be derived externally as
PEO pillars are becoming more dynamic in nature. With the renewal or rephrasing of
PEO among institution of higher learning, a more unimpeachable establishment of PEO
statements came out from this comparative study.

6. Unique Attributes of PEO among Malaysian Universities

Each institution of higher learning has unique attributes. Besides focusing on leader-
ship skills and ethics, qualifications in the engineering field, UKM had one sole domain
area called national aspiration (PEO11). UKM engineers are expected to defend the dignity
of graduates in upholding the development of the language, culture, and aspirations of
the people of Malaysia on par with graduates from the world’s uppermost institutions
of higher learning. This spirit of Malaysia also enables the Malay language to be placed
as a primary language on par with languages such as Chinese, Korean, Japanese, Indian,
Arabic, Spanish, and many others. Although the English language is considered the global
language of instruction, upholding the Malay language is one of the unique PEO statements
highlighted. Thus, it will boost UKM as a higher education provider in delivering the
Malay language globally through engineering education.
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Meanwhile, Universiti Malaysia Perlis (UniMAP) took the challenge and task to
produce engineers who are competent with entrepreneurship (PEO13) skills. The attributes
differ from the multidisciplinary field of engineering by encouraging graduates to venture
into the business world. Aside from engineering, other professional engagement skills
included are business management, consultation, project management, and R&D activities.
The importance of knowledge involved in business within the engineering scope can be
further expanded.

Another instance is a project undertaken by Universiti Tenaga Nasional (UNITEN)
and Multimedia University (MMU), which are among the few local institutions with
significant engineering student intakes in many disciplines. To cater to the job market,
programmes intended to produce many engineers with multidisciplinary (PEO24) skills
in local and global scenes are being planned. The attributes include equipping them with
multi-skills such mastering soft skills, computing, languages, and communication skills.
With these additional skills, the graduates will find a wider selection of job opportunities
upon graduation. Their engineering capability will undoubtedly increase in line with job
competitiveness and higher employability demands among new graduates.

7. Significance of PEO Comparative Studies

PEO analysis is one way of seeing how other universities view the statements accord-
ing to the needs of the institutions. Most standard PEO statements chosen will be at least on
par with their competitors or those offering similar programmes in electrical and electronics
engineering. A well-established PEO statement indicates an institution’s direction, which
is in line with much more established organisations worldwide. The essential domains that
must be included in the PEO statement for each university are leadership, competency, and
principles of ethics.

Competency, ethics in professionalism, and leadership have become the dominant
choices of attributes among graduates worldwide, which show the importance of these
three attributes in any institution of higher learning. The universities’ mission and vi-
sion statements depend heavily on the ability to produce the best outcomes out of their
institutions. Success in education by delivering knowledge alone does not guarantee the
organisations” achievement of excellent graduate results. Other psychomotor and affirma-
tive domains can be added to appear more holistic by providing the best education in any
institution of higher learning.

7.1. Survivability and Competitiveness of Malaysian Engineering Graduates

In the coming years upon graduation, the graduates need to display performance,
skills, and practices in their respective engineering careers. These three attributes are the
most essential requirements needed for them to succeed in the future development of their
career paths in engineering. Competency, for instance, not only recognises the graduates’
capability of performing tasks but also shows the degree of acceptance by industry standard
and professional bodies that the engineering work is being carried out for the society by
the right person. The level of competency brings about maturity and confidence within the
community; the candidates fulfil the requirement and standard of becoming competent
within the organisations that they are involved in. With the level of competency instilled
among these graduates, the guaranteed profession is intact and remains safe and sound
to the society as a whole. Competency attributes demand engineers to be masters in their
fields and disciplines. Professional engineers hold a bigger responsibility not only for
themselves but also for the sake of the community, environment, and its impact on society.

Similarly, ethical engineering principles play substantial roles in ensuring engineering
graduates produced by the institution are made to be responsible, accountable, and abiding
by expert guidelines. Graduates should have a good profile and be respected in solving
issues related to the planning and sustainability of societal needs. By applying vast and
extensive knowledge of design, they are expected to offer their expertise and high ethics
towards contributing the best solution for the well-being of the society. Highly regarding



Sustainability 2022, 14, 1280

24 of 29

an entity needs to develop within oneself with deep concern towards self-development as
professional engineers. This responsibility also links to the ethical issues in engineering
in order to preserve a high level of professionalism among practicing engineers. Their
survival and sustainability in the engineering field somehow depend on the right attributes
being possessed in facing challenging and competitive demands in this profession.

The leadership role of engineers shows that the graduates produced are capable of
deliberating and managing people, resources, technology, and the environment in creating
a better lifestyle for society. With a strong sense of leadership instilled, it is an advantage
for engineers to move the organisation they lead into greater heights and success. Not only
are they knowledgeable in their area of expertise but they can also lead members of staff
within groups and organisations in the most technical and critical managerial decisions. It
is therefore understandable why leadership is an important trait for engineers to have [23].
Leadership is an ability to lead an organisation, especially when the scope of the job widens,
requiring the capacity to handle major projects. Not only are engineers technically trained
but they are also capable of managing big organisations, which is the ultimate goal in
producing highly capable engineers.

During PEO revision, it is highly recommended that an internal committee within
the institutions be formed in order to add these values in accordance with the acceptance
of this analysis. The various views taken from stakeholders should be a priority as well
as in understanding the current needs with a preferred choice of popular demand. The
oversight of these attributes will give a negative impact on the institutions, which will not
only downgrade the ranking and quality of their future engineers but will also lower the
perceptions of graduates from those particular universities. The study has proven that the
majority of the universities in Malaysia and other well-known universities worldwide do
accept that the three attributes be made compulsory for engineering graduates to attain for
the sake of their future careers and in their ability to work professionally.

7.2. Evaluation of PEO Achievement and Continuous Quality Improvement

A PEO survey is performed to evaluate the effectiveness of the academic manage-
ment system in producing highly competitive graduates. The achievement of the alumni
(three years upon graduation) represents the success of the programmes which embodied
their graduates with the targeted attributes. The evaluation of PEO achievements is carried
out with the following methods:

(a) Stakeholders’ (alumni) survey;
(b) Prospective employers’ survey;
(¢) Evaluation of the programme outcomes (POs) of all courses.

Our institution is deploying frameworks to monitor the progress of PEO achievement
on engineering graduates. The first approach is using the stakeholders’ survey as a direct
measurement of PEO achievement. Meanwhile, a prospective employers’ survey is carried
out as part of the industrial training course, and PEO achievement is inferred from this
survey. This constitutes an indirect measure as this survey is on students who have yet
to undergo their fourth year of the programme. The final method, using an evaluation of
the POs, is considered as another indirect measurement as the PO achievement scores are
mapped to infer the PEO achievement score. The indirect measures can thus be used to
project the PEO achievement of students even before they graduate. This is used in the
improvement of PEO achievement. The overall description of the process of evaluating
PEO achievement is as illustrated in Figure 19.
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Figure 19. Flowchart of the process of assessing PEO achievement.

To evaluate the achievement of the PEOs by the graduates, a comprehensive online
survey has been developed and can be accessed at http:/ /www.ukm.my/peo (accessed
on 10 August 2021). The survey is comprised of 21 questions, each of which is directly
mapped to a specific PEO. The answer obtained for each question can provide a quantitative
measure on the achievement of a PEO by the respondent. A snapshot of the online survey
form is shown in Figure 20, referring to a sample of the results that are used to demonstrate
the performance and achievement from PEO surveys.
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Program Educational Objective (PEQ) Survey

This survey is to measure the achievement of the educational program of Universiti Kebangsaan Malaysia. The results
of this assessment will be used to improve weaknesses and enhance the quality of teaching and learning in the
Department of Electrical,Electronic and Systems Engineering, Faculty of Engineering and Built Environment, Universiti
Kebangsaan Malaysia (UKM). It is hoped that you can answer the survey honestly because it would be useful to assist
the department in producing better quality and highly competitive engineers in the future.

* Required

Name *
Nama

IC Number *
No. Kad Pengenalan

Course Program *
Program Kursus

|_Electric and Electronic

Graduation Year *
Tahun Tamat Pengajian

Figure 20. Online PEO survey.

The prospective employers’ survey is annually conducted in conjunction with the
industrial training course, during which comprehensive questionnaires are distributed
to the employers. In addition, visits conducted by our academicians to the employers at
the training sites also provide first-hand feedback on how the employers rate our current
students. The employers’ feedback also carries a certain weightage on the grades of the
students enrolled in the industrial training course.

The department is committed to continuously improve on meeting and delivering
all of the PEOs. The CQI initiatives undertaken by the department are two-pronged—to
improve the results, and to improve the methods of measuring the results. The department
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employs both direct (alumni survey) and indirect (industrial training survey and PO-PEO
mapping) methods of measuring PEO achievement. Hence, both methods of measurement
are used to evaluate and improve PEO achievement. The procedure of evaluation and
improvement of PEO achievement is represented by Figure 21.

MEASURE
Direct PEO
Assessment 1
Alumni surve i
y Analysis of PEO PLAN
achievement
ACTION

Improvement of

PEO achievement

Tt 3

Indirect PEO

Assessment

CHECK

Mapping PO to
PEO scores

Figure 21. Flowchart of the process of assessment and improvement of PEO achievement.

The cycle of measuring and improvement of PEO achievement can thus be summarised
in three steps:

i Direct PEO assessment (MEASURE);
ii. Analysis of PEO achievement (PLAN);
iii. Improvement of PEO achievement (ACTION).

Direct PEO assessment and analysis have been presented. For those who graduated
between 3 and 5 years ago, all target achievements (Tas) for all PEOs have been met in this
assessment. The action plan, in this case, is thus to maintain and possibly improve upon
these achievements. The actions that the department takes to maintain and improve PEO
achievements can mainly be divided into two categories:

i. Efforts on current students;
ii. Efforts on graduates.

In the first category, as the actions (ACTION) are performed during the undergraduate
education of the students while the direct PEO assessment is performed between three
and five years after they have graduated, indirect PEO assessment is performed during
their studies to serve as a checking mechanism (CHECK). These indirect measurements
have been described where PO scores are mapped to PEO scores; it can be seen on average
that there is a slight overall increase in PEO achievement throughout the undergraduate
programme at the department, and this gives some indication of improvement in PEO
achievement, which would continue after the students graduate. In the second category, i.e.,
efforts on graduates, the checking is performed through direct measurement (MEASURE),
as mentioned above. Based on the results obtained, the department initiates a series of
initiatives aimed towards continuous improvement of the PEOs and overall effectiveness
of the programmes. Our results prove to be significant for improving the standard of
engineering graduates as tools for continuous improvement.
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The observed data is plotted on a graph that shows the overall alumni achievement
(2017 to earlier) and target alumni (5 years of graduation and earlier). This information
is shown in Figure 22 for both alumni data. Based on the performance target (Table 10),
some attributes were achieved brilliantly while others were modestly achieved and require
improvement. Achievement analysis shows two attributes that are not achieved—i.e., ethics,
and creativity and innovation. Based on this information, the faculty undertakes many
initiatives to ensure that these attributes are achieved excellently as academic seminars,
academic plagiarism, and student engagement in competitions and others. In addition, the
emphasis is also given in the relevant course. The student portfolio can be used to record
the personnel achievement of student [24,25]. This initiative is beneficial to our students,
especially during the interview process, as shows evidence of their competency.
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Figure 22. The difference in attainment of PEO attributes for the entire cohort and cohort graduated
after 5 years.

Table 10. The target of achievement for every attribute.

Attributes

National Aspiration  Ethics  Professionalism Competent Creative and Innovative Entrepreneurship  Leadership

Target Achievement

100

100% 80% 50% 60% 30% 60%

8. Conclusions

An assessment and review of different PEOs among Malaysian universities is one
way to recognise the skills and attributes needed by electrical and electronic engineering
graduates. The majority of EE engineering courses have at least three main domains
identified throughout this research on public, private, or foreign branch university in
Malaysia. Firstly, these electrical and electronic engineers are required to be professionally
(PEO03) qualified with in-depth knowledge in their respected fields. Secondly, employers
need talented engineers with leadership (PEO08) traits who can bring a significant impact
and changes to their organisations. Thirdly, engineers are seen by most to be proficient
in technical matters. It is therefore important for them to have high ethical principles
and excellent professionalism (PEO07) added to their professional background. All three
qualities are attributes capable of building the nation. Though the study is inconclusive, any
changes in employability trends might in the future require new domains for EE engineers.
The emergence of entrepreneurship is an example of how a multidisciplinary business
platform might change engineering graduates’ perceptions. The following phase of PEO
development might see more features of current attributes appearing in the future. As
the latest trend suggests, we are moving towards the fourth generation of the industrial
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revolution (IR4), which co-relates to the needs of capturing new knowledge, skills, and
attributes among engineering graduates globally. Our study is important to ensure the
engineering programme is relevant, sustainable, and meeting the current industry demand.

Author Contributions: Conceptualisation, A.RM.Y.; supervision, M.S.A.-R. and I.HK,; project
administration, A.W.M.; validation, I.-5.H. and A K. A.M.I; review and editing, ].A.R.; resources,
M.J.M.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Universiti Kebangsaan Malaysia through Research-University
grant (UKM-GUP-TMK-07-02-108).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: This research was conducted in the Broadband, Network & Security Laboratory,
Universiti Kebangsaan Malaysia (UKM).

Conflicts of Interest: The authors declared no potential conflict of interest with respect to the research,
authorship, and/or publication of this article.

Abbreviations

UM University of Malaya

UKM National Universiti of Malaysia
USM Universiti of Science, Malaysia
UTM University of Technology, Malaysia
UPM Universiti Putra Malaysia

UTeM Technical University of Malaysia Malacca
UTHM Tun Hussein Onn University of Malaysia
UMP Universiti Malasya Pahang

UNiMAP  Universiti Malaysia Perlis

UPNM National Defence University of Malaysia
UNITEN  Universiti Tenaga Nasional

MMU Multimedia University

UNISEL  University of Selangor

UiTM MARA University of Technolog

UTP PETRONAS University of Technology
UCSI UCSI University

UTAR Tunku Abdul Rahman University

References

1.

MOoE; Kementerian Pendidikan Malaysia. Malaysia Education Blueprint 2013-2025. 2015. Available online: http://medcontent.
metapress.com/index/A65RM03P4874243N.pdf (accessed on 28 November 2021).

Abdullah, S.; Rahmat, R.A.A.O.; Zaharim, A.; Muhamad, N.; Deros, B.M.; Kofli, N.T.; Abdullah, M.; Tahir, M.; Muchtar, A.;
Azhari, C.H. Implementing Continual Review of Programme Educational Objectives and Outcomes for OBE Curriculum Based
on Stakeholders’ Input. In Proceedings of the 7th WSEAS International Conference on Education and Educational Technology
(EDU’08), Venice, Italy, 21-23 November 2008; pp. 218-223. Available online: http://www.wseas.us/e-library /conferences /2008
/venice/edu/edu40.pdf (accessed on 28 November 2021).

Mohamed, Z.; Taib, M.Y.; Reza, M.S. Assessment Method for Course Outcome and Program Outcome in Outcome-Based Education
(OBE). In Proceedings of the Malaysian Technical Universities Conference on Engineering and Technology, Melaka, Malaysia,
28-29 June 2010. Available online: http:/ /umpir.ump.edu.my/id/eprint/2152/1/OBE.pdf (accessed on 28 November 2021).
Mokhtar, S.A.; Zulfadli Mokhtar, S.A.; Puteh SAnuar, S.M.S. OBE Measurement System in Malaysian Institute of Information
Technology Universiti Kuala Lumpur. In Proceedings of the 5th International Conference on Intelligent Systems, Modelling and
Simulation, Langkawi, Malaysia, 27-29 January 2014; pp. 12-17. Available online: http://ijssst.info/Vol-15/No-3/data/3857a0
12.pdf (accessed on 28 November 2021).

Rahmat, R.A.B.O.; Rashid, K.A ; Chik, Z.; Badaruzzaman, W.H.W. Capstone Project to Satisfy EAC Criteria. Procedia-Soc. Behav.
Sci. 2012, 60, 615-619. [CrossRef]


http://medcontent.metapress.com/index/A65RM03P4874243N.pdf
http://medcontent.metapress.com/index/A65RM03P4874243N.pdf
http://www.wseas.us/e-library/conferences/2008/venice/edu/edu40.pdf
http://www.wseas.us/e-library/conferences/2008/venice/edu/edu40.pdf
http://umpir.ump.edu.my/id/eprint/2152/1/OBE.pdf
http://ijssst.info/Vol-15/No-3/data/3857a012.pdf
http://ijssst.info/Vol-15/No-3/data/3857a012.pdf
http://doi.org/10.1016/j.sbspro.2012.09.431

Sustainability 2022, 14, 1280 29 of 29

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ABET Inc. Accreditation Policy and Procedure Manual. 2011. Available online: https://www.abet.org/wp-content/uploads/20
15/04/appm-2010-2011.pdf (accessed on 28 November 2021).

EAC/BEM. Engineering Programme Accreditation Manual. 2012, pp. 1-124. Available online: http://www.eac.org.my/web/
document/EACManual2012.pdf (accessed on 28 November 2021).

Ministry of Higher Education; MQA. Malaysian Qualifications Framework. 2017. Available online: https://www.mqa.gov.my/
pv4/document/mqf/2019/Oct/updated%20MQF%20Ed %202%2024102019.pdf (accessed on 8 December 2021).

Yusoff, A.R.M.; Rahman, J.A.; Ab-Rahman, M.S. Designing a reliable academic quality management system in nurturing future
engineering professionals—A case study. Pertanika J. Soc. Sci. Humanit. 2016, 24, 167-184.

Koda, Y.; Yuki, T. The labor market outcomes of two forms of cross-border higher education degree programs between Malaysia
and Japan. Int. ]. Educ. Dev. 2013, 33, 367-379. Available online: http:/ /www.sciencedirect.com/science/article/pii/S073805931
2000934 (accessed on 18 August 2021). [CrossRef]

Ezeldin, A.S. International Accreditation for Engineering Programs: Mission, Learning Objectives and Outcomes. Procedia-Soc.
Behav. Sci. 2013, 102, 267-275. [CrossRef]

Mourtos, N.J. Program Educational Objectives and Assessment: A Systematic Process for Continuous Improvement. In Proceed-
ings of the 5th ASEE Global Colloquium on Engineering Education, Rio de Janeiro, Brazil, 9-12 October 2006; pp. 1-12.
Makinda, J.; Bolong, N.; Gungat, L.; Sarman, A. Assessment of Program Educational Objectives using Alumni Survey: The UMS
experience. In Proceedings of the 2011 3rd International Congress on Engineering Education (ICEED), Kuala Lumpur, Malaysia,
7-8 December 2011; IEEE: Piscataway, NJ, USA, 2011; pp. 14-17. [CrossRef]

Basri, N.E.A.; Abu Taib, K,; Jaafar, O.; Zain, S.M.; Suja’, F.; Kasa, A.; Osman, S.A.; Shanmugam, N. An Evaluation of Programme
Educational Objectives and Programme Outcomes for Civil Engineering Programmes. Procedia-Soc. Behav. Sci. 2011, 18, 56-64.
[CrossRef]

Tshai, K.; Ho, ].-H.; Yap, E.; Ng, H.K. Outcome-based Education—The Assessment of Programme Educational Objectives for an
Engineering Undergraduate Degree. Eng. Educ. 2014, 9, 74-85. [CrossRef]

Sundaram, R. The process to Draft the Program Educational Objectives for Undergraduate Engineering Degree Programs. In
Proceedings of the 2015 IEEE Frontiers in Education Conference (FIE), El Paso, TX, USA, 21-24 October 2015. [CrossRef]
Kanmani, B.; Buddhi, K. Program educational objectives: A graphical representation. In Proceedings of the 2014 International
Conference on Interactive Collaborative Learning (ICL), Dubai, United Arab Emirates, 3-6 December 2014; pp. 623-626. [CrossRef]
Aldowaisan, T.; Allahverdi, A. Improving educational objectives of the Industrial and Management Systems Engineering
programme at Kuwait University. Eur. J. Eng. Educ. 2015, 41, 252-262. [CrossRef]

Namasivayam, S.; Al-atabi, M.; Chong, C.H.W.A.; Choong, F; Hosseini, M.; Gamboa, R.A.; Sivanesan, S. A Blueprint for Executing
Continual Quality Improvement in an Engineering Undergraduate Programme. J. Eng. Sci. Technol. 2013, 31-37. Available
online: https://www.researchgate.net/publication/258218070_A_Blueprint_For_Executing_Continual_Quality_Improvement_
In_An_Engineering_Undergraduates_Programmes (accessed on 1 September 2021).

Ramadi, E.; Ramadi, S.; Nasr, K. Engineering graduates’ skill sets in the MENA region: A gap analysis of industry expectations
and satisfaction. Eur. |. Eng. Educ. 2015, 41, 34-52. [CrossRef]

Halim, M.H.A.; Buniyamin, N. A comparison between CDIO and EAC engineering education learning outcomes. In Proceedings
of the 2016 IEEE 8th International Conference on Engineering Education (ICEED), Kuala Lumpur, Malaysia, 7-8 December 2016;
pp- 22-27. [CrossRef]

Rahman, J.A.; Ab-Rahman, M.S.; Yusoff, A.R. A case study on Programme Educational Objectives (PEOs) assessment requirements
for Electrical and Electronic Engineering Programme amongst Malaysian public universities. Pertanika J. Soc. Sci. Humanit. 2016,
2,251-268.

Skalicky, J.; Pedersen, K.W.; Van Der Meer, J.; Fuglsang, S.; Dawson, P.; Stewart, S. A framework for developing and supporting
student leadership in higher education. Stud. High. Educ. 2018, 45, 100-116. [CrossRef]

Héndel, M.; Wimmer, B.; Ziegler, A. E-portfolio use and its effects on exam performance—A field study. Stud. High. Educ. 2020,
45,258-270. [CrossRef]

Slepcevic-Zach, P; Stock, M. ePortfolio as a tool for reflection and self-reflection. Reflective Pract. 2018, 19, 291-307. [CrossRef]


https://www.abet.org/wp-content/uploads/2015/04/appm-2010-2011.pdf
https://www.abet.org/wp-content/uploads/2015/04/appm-2010-2011.pdf
http://www.eac.org.my/web/document/EACManual2012.pdf
http://www.eac.org.my/web/document/EACManual2012.pdf
https://www.mqa.gov.my/pv4/document/mqf/2019/Oct/updated%20MQF%20Ed%202%2024102019.pdf
https://www.mqa.gov.my/pv4/document/mqf/2019/Oct/updated%20MQF%20Ed%202%2024102019.pdf
http://www.sciencedirect.com/science/article/pii/S0738059312000934
http://www.sciencedirect.com/science/article/pii/S0738059312000934
http://doi.org/10.1016/j.ijedudev.2012.07.001
http://doi.org/10.1016/j.sbspro.2013.10.741
http://doi.org/10.1109/ICEED.2011.6235351
http://doi.org/10.1016/j.sbspro.2011.05.009
http://doi.org/10.11120/ened.2014.00020
http://doi.org/10.1109/FIE.2015.7344018
http://doi.org/10.1109/ICL.2014.7017844
http://doi.org/10.1080/03043797.2015.1056100
https://www.researchgate.net/publication/258218070_A_Blueprint_For_Executing_Continual_Quality_Improvement_In_An_Engineering_Undergraduates_Programmes
https://www.researchgate.net/publication/258218070_A_Blueprint_For_Executing_Continual_Quality_Improvement_In_An_Engineering_Undergraduates_Programmes
http://doi.org/10.1080/03043797.2015.1012707
http://doi.org/10.1109/ICEED.2016.7856076
http://doi.org/10.1080/03075079.2018.1522624
http://doi.org/10.1080/03075079.2018.1510388
http://doi.org/10.1080/14623943.2018.1437399

	Introduction 
	The Aim of the Study 
	Methodology 
	Malaysian Public Research Universities (RU) 
	Malaysian Public Universities (Non-Research Universities) 
	Malaysian Private Universities (PU) 
	Malaysian University Colleges (UC) 
	Malaysian Foreign Branch University (FBU) 
	Global Universities Views on EE Engineering Graduates 
	United States of America (USA) 
	United Kingdom (UK) 
	Australia and New Zealand 
	Other Asian Universities 


	Results and Analysis 
	Overall Analysis for Electrical and Electronics (EE) Programme from Global Perspectives 
	Overall PEO Statement for Electrical and Electronics (EE) Engineering Programmes in Malaysia 

	Discussions and Findings among Malaysian Universities 
	Research University (RU) Tend to focus on Ethics, Professionalism and Innovation (Cluster) 
	Non-Research Universities (NRU) Tend to Do Research and Innovation Works towards RU Recognition 
	Non-Research Universities (NRU) and Private Universities (SGU/FPU) Are Having Similar Trends in Attributes Distribution 
	Foreign Branch Universities (FBU) Adopt Main Overseas Concepts Such as Sustainability Issues, etc. 
	College University (CU) Institutions Use Extensive and Broad Choices of Graduates Attributes 
	Critical Findings on the Objective for PEO Establishment and Revision 

	Unique Attributes of PEO among Malaysian Universities 
	Significance of PEO Comparative Studies 
	Survivability and Competitiveness of Malaysian Engineering Graduates 
	Evaluation of PEO Achievement and Continuous Quality Improvement 

	Conclusions 
	References

