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The aim of this paper is to determine the objectives and standards of engineering education in Iran, adopting a global
approach. Eight documents and fourteen models of engineering education were analysed using content analysis. In order
to define the objectives and standards of engineering education in Iran, common characteristics of the selected documents
and models were identified. With regard to the results of the content analysis of these documents, twenty-four objectives in
five categories for engineering education were determined. These categories include: knowledge and reasoning in technical
and engineering topics; personal skills and attitudes; professional and ethical skills and attitudes; interpersonal skills and
attitudes; and skills for developing system, product, or process. In addition, based on the content analysis of fourteen
models derived from international consortia and agreements, seven standards including twenty-seven requirements were
identified for engineering education. These standards are: the philosophy and objectives of engineering education; the
curriculum; the instructional space and facilities; the teaching—learning process; faculty members; students; and assessment

and evaluation.
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1. Introduction

Globalization, information technology, and the
knowledge-driven economy are the most important
challenges that have resulted in rapid and
uncontrollable cultural, social and economic
changes at local, national and global levels [1, 2].
In addition, these challenges and changes have had
profound widespread effects on the engineering
profession and engineering education.

In 2004 and 2005, the U.S. National Academy of
Engineering published two reports, namely, The
Engineer of 2020: Visions of Engineering in the
New Century [3] and Educating the Engineer of
2020: Adapting Engineering Education to the New
Century [4]. Both reports stress the impact of envir-
onmental challenges and changes, including the
globalization of engineering practices and the need
for engineers to focus on innovation and creative
aspects of the profession in order to be globally
competitive [5]. These challenges and changes are
creating a compelling reason for us to reform
engineering education and to rethink the education
of future generations of engineers [6, 7].

Historically, engineering curricula have been
based largely on an ‘engineering science model’, in
which engineering was taught only after a solid basis
in science and mathematics had been built up [6, 8-
10]. The engineering science approach, which origi-
nated in Europe, was consolidated and developed in
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the USA after World War II. This was mainly
because it was realized that at that time scientists
were better prepared to cope with the new technol-
ogies, such as radar, than were the engineers. The
result was a substantial increase in the scientific and
mathematical content of engineering curricula, with
a corresponding decrease in the amount of time that
students spent on laboratory work and on more
specialized professional engineering education [10].

Engineering programmes in many parts of the
world that exemplify this tension (the gap between
theory and practice) are the products of the evolu-
tion of engineering education in the last half cen-
tury. Throughout those years, programmes moved
from a ‘practice-based curriculum’ to an ‘engineer-
ing science-based model’. The intended conse-
quence of this change was to offer students a
rigorous, scientific foundation that would equip
them to address unseen future technical challenges.
The unintended consequence of this change was a
shift in the culture of engineering education that
diminished the perceived value of key skills and
attitudes that had been the hallmark of engineering
education up to that time [6, p. 2]. As a result,
engineering graduates were perceived by industry
and academia as being unable to practise in industry
because of the change of focus from the practical to
the theoretical [§].

Therefore, the constraints on engineering pro-
blem-solving today are increasingly not technical

1243



1244

H. Motahhari-Nejad et al.

in nature, but rather lie on the societal and human
side of engineering practice. The societal aspect of
engineering practice is becoming increasingly
important, with constraints on engineering solu-
tions becoming less and less technical and more
and more societal, regulatory and human. In addi-
tion, society demands that an engineer has a human
aspect, seeing technology not only as an instrument
of economy but also as the means of improving the
quality of life and solving the present and future
problems of humans and their environment [10].

Engineering education has changed in the past to
adjust to the needs of society; the progress must
continue and the required changes must address the
needs of the 21st century. We can summarize the
major trends in engineering education as follows
[11, p. 24].

1. The 19th century and first half of the 20th
century: ‘professional engineer'—As engineer-
ing became a distinct profession, early engineer-
ing programmes focused on providing their
graduates with considerable hands-on training.
However, the role of science and mathematical
modelling slowly increased and gained accep-
tance.

2. The second half of the 20th century: ‘scientific
engineer’'—By mid-century, technological pro-
gress, including the successful harnessing of
nuclear energy, as well as geopolitical realities
as materialized by Sputnik, drove home the
need for engineers to be well versed in science
and mathematics, and the engineering curricu-
lum adjusted to the changed needs. This struc-
ture has, to a large degree, continued until the
present time, although ‘design’ content
increased slowly. In the early 1990s it was
clear that more than science was needed and
many schools started to emphasize non-techni-
cal professional skills, such as teamwork and
communications.

3. The 21st century: ‘entrepreneurial/enterprising
engineer’'—The rapid changes that the world is
currently undergoing, as discussed above,
coupled with changes in engineering education
starting to occur in the 1990s, are likely to result
in an extensive re-engineering of engineering
education. While the new structure will, almost
certainly, continue to be based on a solid
preparation in mathematics and sciences, it is
likely to emphasize the professional role of the
engineer, and then demand new qualifications
suited for the new world order.

As for the hitherto historical trend of engineering
education, in many engineering schools in many
countries instruction focuses on mental develop-
ment and depends on the presentation of knowl-

edge; instruction is not adequately adapted to the
needs of new age and advanced technologies. Also
there is no important focus on personal and inter-
personal skills, as well as system development skills,
namely the engagement in all phases of the lifecycle
of a system, product or process [6, 12, 13].

Engineering education in Iran also faces great
challenges, since significant progress has occurred
in the areas of engineering sciences, technology, and
industries at a global level. Therefore, the usual
method of educating engineers should be revised
and fundamental changes should be made to it [14].
What currently occurs in engineering schools is the
presentation of knowledge to students, strengthen-
ing their scientific base, and somehow enabling them
to acquire new knowledge [15]. Moreover, there is a
little focus on the required skills and attitudes for
engineering. This important issue, which indicates
the necessity for reform and improvement in engi-
neering education, should be taken into considera-
tion in Iran’s engineering schools [16].

Any approach to improving engineering educa-
tion must address two central questions [6, p. 10]:

1. What is the full set of knowledge, skills, and
attitudes that engineering students should pos-
sess as they leave university, and at what level of
proficiency?

2. How can we do better to ensure that students
learn these skills?

These are essentially the ‘what’ and ‘how’ questions
that engineering educators commonly face. The aim
of this paper is also to answer these two main
questions regarding the global documents and
models in the field of engineering education so
that we can proceed to reform and improve engi-
neering education in Iran in line with worldwide
trends.

2. Methodology

In this qualitative study, the content analysis meth-
odology was used. Since qualitative content analysis
can be implemented through several approaches
[17-19], in order to answer the above questions
two distinct approaches were used:

1. ‘Directed content analysis’ was used to answer
the first research question in which the initial
coding starts with a theory or relevant research
findings. Then, during data analysis, the
researchers immerse themselves in the data
and allow themes to emerge from the data. In
other words, this approach starts from deduc-
tive methodology and then continues to an
inductive method [17, 18].

2. ‘Summative content analysis’ was used to find
an answer to the second research question,
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which starts with the counting of words or
manifest content, then extends the analysis to
include latent meanings and themes. This
approach seems quantitative in the early
stages, but its goal is to explore the usage of
the words/indicators in an inductive manner
[17, 18].

In order to determine the correlation between the
selected objectives and standards of engineering
education with the studied documents and models,
the objectives and standards that were explicitly in
the documents and models were denoted with a
black circle (e), indicating a strong correlation
between them. Then, the objectives and standards
that were implicitly in the documents and models
were denoted with a white circle (0), in order to
indicate good correlation between them.

3. Findings

3.1 First question: What is the full set of
knowledge, skills, and attitudes that engineering
students should possess when they leave the
university? ( Objectives of engineering education)

In developing the models and approaches for engi-
neering education, in addition to having technical
knowledge (engineering science) there is a specific
focus on skills and attitudes (engineering practice).
Hence, the determination of engineering education
objectives with regard to the required knowledge,
skills, and attitudes for engineers is the basis of
many studies in this century [6, 12, 20-22]. In
order to answer the first question, eight documents
were chosen regarding the objectives of engineering
education. These were:

1. Conceive-Design—Implement—Operate
(CDIO) Syllabus [6]

2. Taxonomy of Engineering Competencies [23,
24]

3. UK Standard for Professional Engineering
Competence (UK-SPEC) [25]

4. Towa State University (ISU) Workplace Com-
petencies [26, 27]

5. European Accredited Engineer (EUR-ACE)
Program Outcomes [28]

6. Washington Accord Graduate Attributes [29,
30]

7. Accreditation Board of Engineering and Tech-
nology (ABET) Program Outcomes [31]

8. Attributes of Engineers in 2020 [3]

The numbers of the headings and statements on the
objectives of engineering education and the way
that they have been categorized differ from docu-
ment to document. Table 1 shows, in decreasing
order, the numbers of headings and statements on
the objectives of engineering education in the docu-
ments studied.

As specified in Table 1, the CDIO syllabus is
currently the most detailed document on the objec-
tives of engineering education. Thus, this syllabus
was selected as a basis for extracting the objectives
of engineering education. Common characteristics
of other taxonomies from the objectives of engineer-
ing education were added to this document through
open coding. In general, as shown in Table 2,
twenty-four objectives were determined for engi-
neering education, these were divided into five
categories through axial coding.

A review of the relevant literature showed that
several studies have been conducted to validate each
of these documents by other documents. In these
studies, the CDIO syllabus and the ABET outcomes
were valued more. Since these documents were used
to determine the objectives of engineering educa-
tion, the result of their validation can also be used in
this study.

Earlier work has compared the CDIO syllabus
with the ABET outcomes, the UK-SPEC outcomes,
and the Swedish engineering degree requirements. A
common finding was that the CDIO syllabus
emphasizes encompassing and detailed learning
outcomes for engineering education more [32].

According to Crawley’s study [33], there is a
strong correlation between the CDIO syllabus and
the ABET outcomes. In fact, the syllabus is more
comprehensive. For example, the ABET outcomes
do not explicitly address system thinking, and list

Table 1. Number of headings and statements on the objectives of engineering education in present documents

Level of detail
Total number
Present documents First level Second level Third level Fourth level of headings
1 CDIO syllabus 4 17 73 285 379
2 Taxonomy of Engineering Competencies 7 26 54 - 87
3 UK-SPEC 5 16 65 - 86
4 ISU Workplace Competencies 15 64 - - 79
5 EUR-ACE program outcomes 6 41 - - 47
6 Washington Accord Graduate Attributes 12 - - - 12
7 ABET program outcomes 11 - - - 11
8 Attributes of Engineers in 2020 9 - - - 9
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only the ability to engage in lifelong learning from
among the many desirable personal skills and
attitudes of the syllabus. Likewise, the ABET out-
comes list only the understanding of professional
and ethical responsibility from among several
important professional skills and attitudes.

Woollacott’s study [23] showed that the taxon-
omy of engineering competencies addresses around
90% of CDIO syllabus content. Therefore, there is
strong correlation between the objectives of engi-
neering education in these two documents.

Brumm e al [27, 34] studied the correlation
between ISU workplace competencies and ABET
outcomes. Their findings showed that all compe-
tencies received an average or better rating, con-
firming that the associations between the
competencies and outcomes were valid.

The CDIO syllabus has been compared with the
2004 version of UK-SPEC. Although UK-SPEC
contains more learning outcomes than the ABET
outcomes, it still lacks the fine detail of the CDIO
syllabus. In addition, UK-SPEC explicitly does
not reflect the need for professional competence
in all aspects of the system, product, or process
lifecycle [6].

Malmgqvist’s study [32] showed that the CDIO
syllabus reflects a more encompassing view of
engineering than the EUR-ACE outcomes by con-
sidering the full system, product, or process life-
cycle, including the implementing and operating life
phases.

The comparison of the EUR-ACE outcomes and
the Washington Accord graduate attributes showed
that there is a strong similarity between the engi-
neering education objectives headings in these two
documents. The major difference is that the ‘trans-
ferable skills’ heading in the EUR-ACE outcomes
incorporates several of the separate Washington
Accord headings. Therefore, the differences
between these two documents are more presenta-
tional than fundamental [35].

In general, as shown in Table 2, the final extracted
objectives of engineering education in this study
correlate highly with the present documents, this
can be indicative of their validity. In addition, Table
2 shows that:

e The objectives related to the category of knowl-
edge and reasoning of technical and engineering
have been excellently supported by the docu-
ments studied. The only difference is that the
ability to think systematically has not been
taken into account in UK-SPEC, the ISU work-
place competencies, and the attributes of engi-
neers in 2020.

e The CDIO syllabus, the taxonomy of engineering
competencies, and the attributes of engineers in

2020 has given more emphasis to the personal
skills and attitudes than other documents. How-
ever, recognition of the need for lifelong learning
and the ability to engage in it was emphasized in
all documents.

e All the documents studied have emphasized pro-
fessional and ethical skills and attitudes. Never-
theless, the UK-SPEC document fully includes
this category of objectives.

e In the category of interpersonal skills and atti-
tudes, the ability to communicate in foreign
languages has been considered only in the
CDIO syllabus and the EUR-ACE outcomes
and has been disregarded in other documents.
This may be due to these two documents having
more emphasis on the internationalization of
engineering education. Other skills and attitudes
in this category have been emphasized by the
documents studied, except the attainment of
management and leadership skills, which was
not pointed in the ABET outcomes.

e In the fifth category of objectives, the ability to
understand organizations and enterprises and
work effectively in them has been less emphasized
than other objectives. The skills related to the
system, product, or process lifecycle in the global
and societal context have been emphasized in
majority of documents, which is indicative of
the high impact of engineering and engineers on
society and the world.

3.2 Second question: How can we do better at
ensuring that students learn these skills? ( Standards
and requirements of engineering education )

According to international consortia and agree-
ments, many models have been developed for engi-
neering education at the national, regional and
international levels. These models have posed
more or less similar criteria and standards for
designing, implementing and evaluating engineer-
ing programmes. The analysis of the important and
common characteristics of these criteria is a new and
effective step toward the determination of the stan-
dards and requirements of engineering education
with regard to global trends. Hence, three interna-
tional consortia and agreements in the field of
engineering education, including the Washington
Accord, the CDIO Approach, and the EUR-ACE
Project, have been looked at in this study. The
derived models of these consortia were selected as
follows:

1. Engineering Council of South Africa (ECSA)
[36]

2. Accreditation Board of Engineering and Tech-
nology [31]

3. European Accredited Engineer Project [28]
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Table 2. Correlation of engineering education objectives with present documents
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4. Engineers Australia [37]

Engineers Ireland [38]

6. Institute of Engineering Education Taiwan
(IEET) [39]

7. Japan Accreditation Board for Engineering
Education (JABEE) [40]

8. Institution of Engineers Singapore (IES) [41]

9. Conceive-Design-Implement-Operate

hd

Approach [6]
10. Engineers Canada [42]
11. Accreditation Board for Engineering Educa-

tion of Korea (ABEEK) [43]
12. Board of Engineers Malaysia (BEM) [44]

13. Institution of Professional Engineers New Zeal-
and (IPENZ) [45]

14. The Hong Kong Institution of Engineers
(HKIE) [46]

As shown in Table 3, fourteen models derived from
international consortia and agreements were ana-
lysed. Criteria and standards that were included in
most models and were directly linked to engineering
education activities were selected through open
coding. These criteria and standards are as follows:

1. Philosophy and objectives of engineering edu-
cation
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Curriculum

Instructional space and facilities
Teaching-learning process
Faculty members

Students

Assessment and evaluation

Nk wd

In this study, criteria related to managerial and
support activities have been disregarded. Although
these elements are important for quality assurance
of engineering education, they are not directly
related to engineering education standards [35].

In order to operationalize standards of engineer-
ing education, requirements of each standard
should be identified so that standards can be encom-
passed completely. Several components and ele-
ments have been considered for each criterion or
standard in the studied models which indicate
coverage domain of each criterion or standard.
Thus, in the present study, each standard was
considered as a factor and the statements of each
model related to that standard were selected
through axial coding. Then, the common character-
istics of those statements in variant models were
considered as requirements of each standard. Table
3 shows the categorization of requirements of
engineering education in relation to different stan-
dards.

Regarding the process undergone through this
study, as shown in Table 3, the standards and
requirements of engineering education highly cor-
relate with the studied models. This correlation can
be indicative of validity to the determined standards
and requirements. In addition, Table 2 shows that:

e In all the models studied, emphasis was placed on
specific and accurate educational objectives and
outcomes, as well as the relevance of objectives
and outcomes with the required knowledge, skills
and attitudes for engineers. That’s why these
models come under the heading ‘outcomes-
based models’.

e Inthese models, curriculum possesses a particular
importance and its implementation results in the
achievement of educational objectives and out-
comes. Hence, curriculum should be relevant to
the science and practice of engineering.

¢ In the engineering education models a particular
emphasis was placed on instructional space and
facilities so that they result in experiential and
practical learning.

e Compared with other standards, the teaching—
learning process has not been directly considered
in some models. However, the use of effective
activities and methods of teaching and learning is
necessary in order to implement the curriculum
perfectly.

e Since faculty members play an important role in

designing, implementing and evaluating engi-
neering programmes, their expertise and compe-
tence has been regarded in all studied models.

e Although in the models studied student criterion
has been mentioned, most of the models empha-
sized the admission and enrolment of the stu-
dents.

e Since the models studied are among the models of
quality assurance and accreditation, they place
special emphasis on continuous improvement
through assessing student learning and evaluat-
ing engineering programmes. Thus, assessment
and evaluation are among the principal criteria in
engineering education models.

e In general, the standards and requirements of
engineering education have been emphasized
more in: (1) Institution of Professional Engineers
New Zealand and Board of Engineers Malaysia;
(2) Engineers Australia; (3) Conceive-Design-
Implement-Operate Approach; (4) Institution of
Engineers Singapore; (5) European Accredited
Engineer and Accreditation Board of Engineer-
ing and Technology; (6) Engineers Canada and
Accreditation Board for Engineering Education
of Korea; (7) Engineering Council of South
Africa; (8) the Hong Kong Institution of Engi-
neers and Engineers Ireland; (9) Japan Accred-
itation Board for Engineering Education; and
(10) Institute of Engineering Education Taiwan
respectively.

4. Conclusions

This study develops a framework for designing,
implementing and evaluating engineering pro-
grammes in Iran and other countries. Regarding
the results of content analysis of the selected docu-
ments, twenty-four objectives in five categories were
determined for engineering education. These cate-
gories were as follows:

e Knowledge and reasoning of technical and engi-
neering;

Personal skills and attitudes;

Professional and ethical skills and attitudes;
Interpersonal skills and attitudes; and

Skills for developing system, product, or process.

The statements of the present documents also duly
supported the specified objectives. Hence, the pre-
sent documents and studies emphasize the objec-
tives of engineering education with regard to the
required knowledge, skills and attitudes for engi-
neers. The correlation between the objectives iden-
tified and the present documents showed that the
objectives possess the necessary validity. With
regard to the globalization of engineering educa-
tion, these objectives can act as yardsticks in the
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Table 3. Correlation of standards and requirements with the studied models
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engineering education system of Iran and in sub-
sequent studies.

Based on content analysis of fourteen models
derived from international consortia and agree-
ments, seven standards, including twenty-seven
requirements, were identified for engineering educa-
tion. The models studied mainly emphasize the
standards related to the philosophy and objectives
of engineering education, the instructional space
and facilities, assessment and evaluation, curricu-
lum, faculty members, students and the teaching—
learning process, respectively. The outstanding
points of the studied models were as follows:

e Specific and accurate educational objectives and
outcomes

e The focus of engineering education on science
and practice (knowledge, skills and attitudes)

e Integrated curricula and learning activities

e Design-implement experiences in the curricula

Equipped instructional space, suitable for experi-

ential and practical learning

Focus on society’s and industry’s needs

Competence of faculty members

Student admission and counselling services

Reform and continuous improvement of engi-

neering programmes.

The majority of the identified standards and
requirements have been considered in the engineer-
ing education models of different countries. This
indicates that highlighting some standards or a
particular set of requirements does not represent
the totality of an engineering education system.
Thus, all standards and requirements of engineering
education should be identified in a systematic fra-
mework. In addition, interrelations between them
can increase our understanding of the system of
engineering education.

From a theoretical point of view, since this study
has been accomplished based on content analysis of
present documents and models in the field, the
results join with previous studies. From a practical
point of view, this study suggests which, the objec-
tives of engineering education should be determined
first, based on the knowledge, skills and attitudes
required of engineers, and secondly, the standards
and requirements of engineering education should
be based on the specified objectives.

In this study, present documents and models
derived from international consortia and agree-
ments were used for determining objectives and
standards of engineering education. These objec-
tives and standards can be revised, refined, and
validated through surveys of the views of engineer-
ing education experts; faculty members, students
and graduates of engineering schools; as well as
employers and labour market key informants.
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