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Abstract— Due to emerging technological developments, the
practice of engineering is changing remarkably. One of the
main concerns of engineering education is to keep up with
these revolutionary changes and incorporate them into the
engineering curriculum. Social and professional needs have
always been involved in the process of curriculum develop-
ment and competencies set by professional organisations
form a reference point for educational institutions. In this
paper we argue that academics and administrators in uni-
versities are at the heart of change in their role as curricu-
lum developers and implementers. We also propose that
matching academic skills with the competencies / standards
set by professional organisations can help pave the way in
fast evolving technical fields.

Index Terms—Curriculum Development; Competencies;
Engineers Australia

L INTRODUCTION

Engineering Education provides a research framework
to overcome economic, cultural, and social challenges by
associating engineering profession, society, educational
organisations, educators and students to respond the re-
quirement of society. It does not only refer to how people
learn engineering, it is a diverse field of research attempt-
ing to adapt and harmonize social, industrial, technologi-
cal and professional requirements. Continuous improve-
ments in engineering education will assist achieving this
attempt. According to recent literature [1] curriculum de-
velopment is one of the most direct and efficient ways to
improve engineering education. Along the same lines it is
stated that curriculum development is at the heart of engi-
neering education [2]. Curriculum is important as it not
only constitutes the infrastructure of educational endeav-
ours, but also reflects educational goals, objectives and
links to the world around us. Curriculum development is a
complex obligation involving a wide variety of
knowledge, and needs skillful change agents in order to
take place [2, 3]. Particularly in higher education, curricu-
lum is highly committed to social, community, political
and cultural issues [4-6]. Therefore, there is a need to en-
sure that curriculum provides all knowledge and skills for
the relevant discipline and meets all required standards for
the profession.

Scrutiny of the current curricula in most technical fields
reveals that these curricula do not include practical and
up-to-date practices [7-9]. Curriculum overload [10] and
lack of inclusivity [11] have been noted as potential issues
in engineering curricula in recent years. Curriculum great-
ly affects student engagement in engineering degrees. Sta-
tistics show that numbers of students in engineering are
decreasing [12]. The average national graduation success

rate for engineering in Australia has been reported be-
tween 54% [13] and 65% [11] due to the fact of a rela-
tively high rate of attrition for engineering [13]. Indeed,
when individuals do not find a rational connection be-
tween the curriculum studied in their university course
and their future careers, their motivation to commence and
continue in engineering is decreased. Therefore, “changes
in degree structure and curriculum, and academic and so-
cial support strategies, are likely to contribute to improv-
ing retention and graduation rates” [14, p. 4].

On the other hand, this perceived lack of relevance of a
curriculum might be one of the reasons for the engineering
industry to import overseas workers as their needs are not
being met by local university graduates. Although, univer-
sities and training institutions do have a high commitment
to supply the required proficient graduates, other parties
can have a critical role as well. For instance, professional
organisations who provide standards for practices under-
take a significant role [15] since these standards are essen-
tial to carry on the development and improvement of the
practice. Reforming the curriculum does not completely
solve the problem, but bringing industry and universities
together can result in a plan to fill the gaps. Also, universi-
ty programs can provide skilled employees which really
met industry needs [8]. This issue is being argued espe-
cially for fast-growing fields, when they are increasingly
faced with changes and challenges, and as [8] argue it is
not easy for academic institutions to keep up with these
changes quickly.

1L CURRICULUM DEVELOPMENT AT THE HEART OF
ENGINEERING EDUCATION

Due to emerging technology developments, the practice
of engineering is changing. One of the concerns of engi-
neering education as a field is to follow these revolution-
ary changes and incorporate them into engineering curric-
ula. It has been noted that “changes in society tend to
immediately require corresponding changes in the curricu-
lum of higher education institutions presumably because it
is the end of formal education and the last opportunity for
entry into the world of work™ [6, p. 10]. This approach
will make the quality of engineering education secure in
the 21 century. However, “reformers have proposed im-
provements in engineering education for several decades
yet there have been few conceptual advances in the cur-
riculum since it became largely based on engineering sci-
ence in the 1960s” [16, p. 378].

The issue of curriculum development has been consid-
ered from different perspectives throughout history.
Literature [17, 18] shows that a range of factors influence
the development of curriculum such as: social conditions,
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the influence of public, professional associations and
agencies, schools and universities, political influences in
different levels  (federal/ state), test agencies and
publishers. Apart from the knowledge development and
pedagogy, examining the process of curriculum develop-
ment in older literature [19] indicates that the society and
its related issues played the vital role in this process:

* The function of education in terms of culture trans-
mission and individual development

* The analysis of society in terms of the impact of sci-
ence and technology

* The analysis of culture in terms of values and culture
change

* Learning theories

* The process of development in terms of readiness
and relationship with the areas of development

* The nature of knowledge

Curriculum can be used as a moderator tool for society
since the content of curriculum is refleting the needs and
requirements of society. When curriculum is being
developed based on the demands of society, then students
will learn align with the society’s need. “If curriculum is
to be a useful prescription for learning, its content and the
outcomes it pursues need to be in tune with the social and
cultural realities of the times” [19, p. 272]. This will
benefit both individuals and society. On the individual
side, finding a career in future might be easier since it will
line up with societal requirements. On the social
perspective, it will fill the identified gaps by training the
required professionals. Unemployment in educated parts
of population might be the result of incorect policy in
curriculum development in higher education. Advantages
of developing curriculum based on society needs include
[19]:

* Providing a balance between supply and demand in

society

* Facilitating learning by the usage of experiential
background

* Permitting the overview of society for all variety of
discipline

* Providing an explicit approach for curriculum devel-
opment

* Providing a trustworthy source for value orientation
in society

Here is an example of curriculum change based on
social conditions: during the last decade Iranian
government was faced to a crisis of overpopulation. In
order to resolve the issue, curriculum was used to increase
the general awarness about control population. As a
compulsary course, students at higher education level
learnt how to birth control choices and methods of
contrapception. In fact, curriculum is a key moderator and
“a way to respond to the challenges of contemporary
society” [4, p. 10]. This will support the argument
proposed in [6] that the demands of society are the first
stage in curriculum development.

Thus, due to knowledge expansion, tertiary education
must keep pace with societal needs by frequently
performing curriculum revision and development [6].
Keeping in mind society’s need, recent literature shows a

switch to curriculum redesign in higher education. Issues
associated with this redesign are:

* Following the recent technological developments by
improving the current curriculum [6, 20]

* Filling the current gaps in higher educational
programms [6]
* Considering the needs of society [6]

* Providing more focus and flexibility by weeding out
the unnecessary workload and increase engagement
[20, 21]

* Reconsidering the enginerring requirements to allow
other students to switch into engineering [22]

* Increasing retention and sustainability [13]

III.  POSSIBILITIES FOR IMPROVEMENT

In the field of curriculum development, the need for a
theory has been acknowledged in the literature. However,
“such a theory should not only define the problems with
which curriculum development must deal, but also elabo-
rate the system of concepts which must be used to assess
the relevance of these data to education” [19, p. 6]. Litera-
ture on curriculum development shows that a huge range
of models have been adopted by curriculum designers in
order to provide an inclusive curriculum: The curricula
schema [23], the model for systematizing the curriculum
development [24], the 3p model of curriculum [5], the
process model for curriculum revision [25], and the pro-
cess model for curricula change in engineering education
[26].

Obviously, a range of different factors influence curric-
ulum development, however social and professional needs
have always been involved in this process. In modeling of
engineering curriculum process it is acknowledged that
identifying the problem by focusing on industrial, social,
and professional needs must be considered at the first
stage of summative evaluation [27]. Another model is
proposed for determining typical influences on engineer-
ing curriculum, which “is not exhaustive in its inclusions
but does highlight a range of elements needing considera-
tion when reflecting on curriculum” [5, p. 9]. The article
claims that the model reflects the current arrangements in
Australian universities and shows a significant considera-
tion to the role of change agents such as curriculum re-
view committee, course co-ordinator and lecturers as well
as professional requirements.

In the field of engineering education, curriculum re-
quires a continuous improvement and update. Standards
and competencies set by professional organisations form a
reference point for educational institutions to apply those
standards in their curriculum. As [1, p. 42] states “engi-
neering educators have a responsibility to society and to
their students to give their students the best possible op-
portunity to develop the competencies they will require to
become successful engineers”.

In the Competencies of Engineering Graduate (CEG)
project, [1] provides 11-factor competencies (including
inter-related technical and non-technical components)
required by engineers graduating in Australia: Communi-
cation, Teamwork, Professionalism, Self-management,
Ingenuity, Management and Leadership, Engineering
Business, Entrepreneurship, Practical Engineering, Profes-
sional Responsibilities, and Applying Technical Theory.
Although, the article advocates that these components are
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6. Team leadership

/

Figure 1. Stage 1 Competencies [28]

more distinct than items currently stipulated for accred-
iting engineering education programs, the Council of
Engineers Australia has already (February 2011) devel-
oped and approved the National Generic Stage 1 Com-
petency Standards for professional engineers [28]. Pro-
fessional engineers require these competencies to com-
mence practice. Moreover, according to Engineers Aus-
tralia [28], these competencies must be used as an edu-
cational reference from the beginning of 2013. These
standards are covered by 16 mandatory Elements of
Competency (Figure 1). As can be seen it contains 3
groups of interconnected competencies: Knowledge and
Skill base, Engineering Application Ability, and Profes-
sional and Personal Attributes. These competencies are
required to be demonstrated prior to start practice as a
professional engineer. As Engineers Australia [28]
states, these elements “guide the competency demon-
stration and assessment processes as well as curriculum
design”.

IV. CONCLUSION AND SUGGESTIONS

In order to be at the forefront of global scientific and
technological advancement, it is essential for Australian
academia to attend to this advancement in their curricu-
la. To achieve the above-mentioned goal, competencies
which are superposed by professional organisations
(such as Engineers Australia) have a critical role. In this
case, it is crucial to identify the position of competen-
cies in the process of curriculum development. If there
is not enough evidence of these competencies in the
current curriculum, then why and what are the barriers
and potential issues? Moreover, academics in universi-
ties are the key to change in their role as curriculum
developers and implementers. A match between aca-
demic skills comprised in tertiary education curricula
and the competencies set by professional organisations
can help pave the way in fast evolving technical fields.
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