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Abstract: The Technology Innovation and Engineering Education (TIEE) is a proposed
Unit/Center/Department concept model inside a college of engineering. The TIEE concept has
been developed in particular taking in consideration the Gulf Cooperation Council (GCC) and/or
Qatar contextual needs and National Vision in the transformation into a Knowledge Based Economy
(KBE). The main purpose of such structure is to enable engineering colleges to better respond to these
emerging needs of the GCC countries. In this paper, the concept of TIEE is provisioned as an abstract
example of organizational structure development for other engineering education institutions that
aim to play a key role in innovation and sustainable socio-economic development. The concept is
derived from similar global examples and contextualized regionally; it is generic and can be deployed
elsewhere with slight modifications. The TIEE concept is in particular vital for engineering institutions
in the Middle East and North Africa as a vehicle for economic and technological development.
The paper outlines the organizational structure of TIEE, together with its various programs and
activities for implementing its stated vision, mission, and strategic objectives. Within this context,
the paper also provides a thorough account on advances in engineering innovation, education,
scholarship of engineering education, and developments of similar entities.
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1. Introduction

1.1. Engineering, Technology Innovation, and Design

Engineering in particular and other relevant STEM (Science, Technology, Engineering and
Mathematics) fields in general are the most critical sciences for a nation to consider while seeking or
maintaining a knowledge based economy status [1–4]. Singapore is one of the very few Knowledge
Based Economies (KBE) that has programmed clear innovation and design schemes, and is known
for its higher education technical institutions focusing on innovation and design. Recently, a state of
the art Singapore University of Technology and Design (SUTD) was established in collaboration with
Massachusetts Institute of Technology (MIT). The new University is the latest investment of Singapore
government that focuses on developing high quality engineering education driven by multidisciplinary
technological innovation and design. The Singaporean government philosophy of focus on technology
innovation and design has led to higher value outcomes and GDP growth comparing with similar KBE
countries. It has also led to higher growth in engineering publications [5].
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1.2. Engineering and Technology Education

Investment in research in engineering education has been considered a highly strategic national
priority in the US in the last few years as a way of maintaining the global competitiveness of the
American knowledge based economy. President Obama addressed changing policies to make STEM
education a national priority [6]. The engineering curriculum of the 20th century is no longer sufficient
to address the engineering challenges of the 21st century. Certain engineering competencies such as
problem solving, design, and analytical thinking has become essential, even for those who study and
work in non-engineering disciplines [6]. Engineering/STEM graduates are not only demanded for
technical and scientific careers, but they have also started to play essential roles in non-traditional
fields such as business, finance, management, policy, social studies, etc. It is argued that the definition
of engineering should be expanded to cover the emerging trends and roles of modern and future
engineering [7].

Technology innovation and design has recently been fostered in novel engineering curricular
and educational models as a vehicle to integrate foundational, science, technical, and socio-economic
aspects associated with engineering and engineering learning, producing a meaningful product/service
oriented manner. Innovation and design have been introduced in first year engineering programs, and
in multidisciplinary activities/courses/degrees in novel engineering curricular and education models;
see for instance models at Purdue University. Our experience at the College of engineering at Qatar
University during the past 3–5 years have shown that deployment of multidisciplinary complex design
projects (e.g., the Shell Eco-Marathon car design) has led to transformative impact on engineering
students conceptual understanding and integration of learning theories as well as leadership and
soft skills development. In addition, our experience in the College of engineering (CENG) at Qatar
University has shown that deployment of authentic engineering design in K-12 outreach programs such
as the car assembly and design in the Life is Engineering Program have led to significant improvement
in high school students attitudes towards engineering, as well as the development of 21st century
soft skills [8].

1.3. Engineering Education Research

It is believed that advancing innovations in technical engineering requires robust and systematic
research in engineering education [9–14]. It is estimated several billions USD of extra funds for
STEM education, research and development have been invested in the US in 2009 [15]. Research
into engineering education, whether in Higher or K-12 education, is essential to design a modern
curriculum, to deliver a competent engineering teaching and learning experience, and to tackle
issues faced in the professional settings of the workplace [3,15]. There has been growing research
evidence that followed methods in teaching and learning of engineering are becoming obsolete
and do not meet the requirements of future engineering graduates [16]. On the other hand, recent
research on utilizing modern constructivist methods in engineering/STEM education has shown
positive outcomes [17–19]. Increasing complexity and interdisciplinarity of the engineering profession
requires equipping engineering graduates with a set of non-technical skills such as communication,
decision making, management, leadership, emotional intelligence, cultural awareness, and social
ethics. A literature review of skills outcomes of engineering degrees in the US, Europe, and Asia Pacific
showed that students lack in these soft skills [20–22].

Many American reports and researchers have addressed the importance of investing in
engineering education research (EER) to enhance the US competitiveness globally. Lohmann and de
Graaff state the following: “Just as engineering excellence depends critically on engineering research
and development, excellence in engineering education depends critically on research and development
in engineering education” [23].

In recognition of its strategic importance for sustaining a knowledge based economy and
maintaining the US global competitiveness, steep escalation in the funding of research projects in
engineering education in the US can be noticed since 2007. Triggered by the huge American investment
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and by pressing national needs, attention on research on engineering education is rapidly increasing
in many countries worldwide, such as Malaysia, India, Mexico, Europe, Taiwan, etc. [12].

2. Engineering Education Research and the Learning Sciences

2.1. The Emergence of Research in Engineering Education

Engineering education research is an emergent multidisciplinary arena of research, crossing over
different fields. In particular, pedagogy, psychology and social sciences research methods are essential
in informing research in engineering education [7,12]. Other fields that have been identified to have
impact on EER are: sociology, ethnic and gender studies, international relations and other relevant
STEM education research areas [14]. EER has been historically limited in quantity and quality because
of many factors. For instance, conducting rigorous EER requires knowledge of theories and research
methods that reside outside of the engineering domain [24]. Furthermore, engineering educators are
mainly immersed in disciplinary technical research as a main focus [24–26]. Nevertheless, it is argued
that even if most engineering faculty are not willing to be engaged in EER, all of them should be aware
of and apply its findings [27]. Having a subside research track such as engineering education and/or
interest in investigating or applying novel pedagogical approaches requires assistance from experts and
is normally provided for engineering academics through specialized engineering education centers or
units [28]. Indeed, the majority of engineering education researchers are of engineering background [7].

The Steering Committee of the National Engineering Education Research Colloquies [10,29],
played a significant role in identifying directions of EER. The committee was composed of about
75 experts in engineering, science, and mathematics education researchers, learning sciences, and
practitioners. They met few times in 2005 and 2006 to define focus areas of EER. They highlighted
a number of reasons to focus on engineering education, such as globalization and trans-continental
enterprising, grand challenges in sustainable engineering, the decline of interest in engineering among
school students, maintaining innovation capacity and international competency in a global market, etc.
All of these and other reasons require radical change in curriculum and in the way of engineering’s
teaching and learning [7]. Such a radical change necessitates a systematic and robust research effort on
best ways of conducting engineering education [7,27].

2.2. Scope of Engineering Education Research

The scope of EER is very wide; more than 38 different categories of EER have been identified
in a meta-analysis of about 2000 published journal and conference articles in EER from 2005 to
2008 [30] (Figure 1). This wide spectrum would be expected due to the interdisciplinary nature of
the field, the huge issues and problems that need to be tackled in engineering education and in
professional practice in the workplace, and due to its recent emerging nature. Some of the EER
specific topics to engineering are: motivation towards engineering, retention rates, epistemologies
specific to engineering problems, organizational structures, engineering education policies, outreach,
industrial linkage, curriculum, instructional methods, recruitment, diversity, retention, engineering
academics, assessment, technology entrepreneurship, leadership, etc. The Steering Committee of the
National Engineering Education Research Colloquies [10,29], framed five main core interrelated
arenas of research in engineering education: (1) Engineering Epistemologies; (2) Engineering
Learning Mechanisms; (3) Engineering Learning Systems; (4) Engineering Diversity and Inclusiveness;
and (5) Engineering Assessment. These five areas provide framework for the community of researchers
in engineering education. The five previous cores are originating from educational and social sciences
and have an impact on engineering. However, in our opinion, a sixth dimension “Engineering
methods for Design of Effective Pedagogy” could be a core focus of EER as well; this is explained in
the next subsection.
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Figure 1. Conceptual diagram of engineering education research (EER). Pedagogical and learning to 
result educational research methods are applied to engineering curricula, teaching and learning to 
result in a rigorous EER outcome. 

2.3. Engineering Impact on Educational Sciences 

Educationalists, psychologists, and sociologists could inform the engineering community about 
theories and methods for improved engineering education as expressed in the previous five cores. 
However, staffers of engineering background have expertise in technological and analytical tools, 
e.g., Information and Communication Technologies (ICT) development competencies and 
engineering design expertise, which would enhance the theory of teaching and learning. Figure 2 
shows a conceptual model of the proposed mutual interaction between engineering and education 
within the community of researchers in engineering education. For instance, a full body of research 
in instructional and learning design, called the Instructional Systems Development (ISD), has been 
conceptually inspired by systems engineering [31]. Mathematical control theory and game theory 
methods have been utilized for analyzing and designing enhanced pedagogical processes [32,33], a 
data mining methodology (from computer engineering) has been utilized in designing a Research 
Based Learning (RBL) approach [34]. The potential benefit of applying engineering and mathematical 
analytical methodologies (apart from the classical quantitative educational research methods) to the 
learning sciences is highlighted in [12,35]. Developments in ICT (a core engineering competency) are 
expected to move the hundreds of years old traditional models of teaching and learning into radical 
forms in the near future. In general, the author classifies the impact of engineering and computing 
on educational sciences in two major categories: 

- Category 1: The development and inclusion of ICT tools in pedagogy. 
- Category 2: The utilization of engineering and mathematical methods for analysis and design of 

learning systems. 

While Category 1 is currently a well-established and active arena of Research and Development 
(R&D) (e.g., technology enhanced learning, intelligent tutoring systems, e-learning, etc.), some non-
statistical based methods in Category 2 are still a quite novel area of research. German institutes were 
pioneering in developing quantitative statistical approach for quite few years. 
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Figure 1. Conceptual diagram of engineering education research (EER). Pedagogical and learning to
result educational research methods are applied to engineering curricula, teaching and learning to
result in a rigorous EER outcome.

2.3. Engineering Impact on Educational Sciences

Educationalists, psychologists, and sociologists could inform the engineering community about
theories and methods for improved engineering education as expressed in the previous five cores.
However, staffers of engineering background have expertise in technological and analytical tools,
e.g., Information and Communication Technologies (ICT) development competencies and engineering
design expertise, which would enhance the theory of teaching and learning. Figure 2 shows a
conceptual model of the proposed mutual interaction between engineering and education within
the community of researchers in engineering education. For instance, a full body of research in
instructional and learning design, called the Instructional Systems Development (ISD), has been
conceptually inspired by systems engineering [31]. Mathematical control theory and game theory
methods have been utilized for analyzing and designing enhanced pedagogical processes [32,33],
a data mining methodology (from computer engineering) has been utilized in designing a Research
Based Learning (RBL) approach [34]. The potential benefit of applying engineering and mathematical
analytical methodologies (apart from the classical quantitative educational research methods) to the
learning sciences is highlighted in [12,35]. Developments in ICT (a core engineering competency) are
expected to move the hundreds of years old traditional models of teaching and learning into radical
forms in the near future. In general, the author classifies the impact of engineering and computing on
educational sciences in two major categories:

- Category 1: The development and inclusion of ICT tools in pedagogy.
- Category 2: The utilization of engineering and mathematical methods for analysis and design of

learning systems.

While Category 1 is currently a well-established and active arena of Research and Development
(R&D) (e.g., technology enhanced learning, intelligent tutoring systems, e-learning, etc.), some
non-statistical based methods in Category 2 are still a quite novel area of research. German institutes
were pioneering in developing quantitative statistical approach for quite few years.
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Having introduced EER, its focus areas and proposed a mutual relationship between engineering
and education in the community of researchers on EER, we proceed in the next section with details on
international trends in engineering education research and development.

3. International Trends in Engineering Education Research and Development

A boom in establishing new engineering education centers, departments, national societies,
and research and training programs took place in the US during the last two decades in a trial to
maintain the US international innovative competitiveness in science and technology. Australia and
Germany come next after the US in terms of interest in engineering education research. There are
centers for engineering education support and/or research in the UK, Sweden, South Africa,
South Korea and Malaysia. The recent revival and emergence of Engineering Education as a distinct
field of science can be largely attributed to the American investment in EER as a strategic national
priority, in particular during the last 6–10 years (see. Considerable EER activities are observed
elsewhere in the globe with exclusion of the Middle East region.

However, it is worth mentioning that prior to the Anglo-Saxon move into engineering education,
the Germans were the first to work (but less publicity was made) in the area of “Ingenieurpädagogik”,
which literally translates to “Engineering Pedagogy” in English. Pedagogical training for teachers of
engineering schools has been provided in Technical University of Dresden, Germany as early as 1850s.
The following subsections provide a snapshot on current trends on research and developments in
engineering education both at Higher and K-12 Education. Details on centers, departments, under- and
post-graduate degrees in engineering education, and the advances in engineering education in K-12
are outlined.

3.1. Centers on Engineering Education

University or engineering college’s centers and units for engineering education pedagogical
support, outreach, research and curricular development are quite common in the US since the
1990s. Engineering education centers have played a crucial role in advancing research in engineering
education and in transformation of EER into practice [28]. Examples of these centers are: the Center
for Engineering Design Research at Stanford University, Engineering Education Research Center at
Washington State University, Center for Engineering Education Research at Michigan State University,
Leonhard Center for the Enhancement of Engineering Education at Pennsylvania State University,
Center for Engineering and Computing Education at the University of South Carolina, Science and
Engineering Education Center at the University of Texas at Dallas, Center for Engineering Education
and Outreach at Tufts University, etc.

Outside the US, centers, units and research groups dedicated to engineering education are
scattered worldwide, the frequency, however, is much less than in the US; the number is expected
to increase rapidly in the next few years. Examples of these centers are: the Engineering Centre for
Excellence in Teaching and Learning at Loughborough University, UK, a research group on engineering
education at Linköping University, Sweden and the Engineering Learning Unit at the University of
Melbourne, Australia. The authors are unaware of any relevant center in the Middle East region.

3.2. Departments, BSc, MSc, and PhD Degrees in Engineering Education

The first department in engineering education was established in Technical University of Dresden,
Germany in 1951, known in German as “Institut für Ingenieurpädagogik” which translates to
“Institute for Engineering Pedagogy”; the first formal PhD thesis in Ingenieurpädagogik was defended
few years later [36]. A department like this has been unique in its focus and is one among few that
existed until the recent US focus on engineering education. The last few years have witnessed a birth
of many independent departments under colleges of engineering in the US, dedicated entirely for
research in engineering education and offering structured MSc and PhD programs (e.g., similar to
traditionally existing departments of electrical or mechanical engineering). These departments aimed
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at moving the status in engineering education from isolated research efforts towards active academic
communities dedicated for scholarly research work. They aimed also to graduate necessary national
capacity in engineering education research through formal MSc and PhD training. The first of its
kind in the US is the School of Engineering Education at Purdue University which was established in
2004 (under college of engineering). Other examples are the Department of Engineering Education
(since 2004) at Virginia Tech; the Department of Engineering and Technology Education at Utah
State University (since 2005); etc., all under colleges of engineering. BSc degrees in engineering with
minor or major on engineering education are offered at California and Colorado State Universities.
Due to the strategic nature of their training, graduates of PhD programs in engineering education
seem to be highly demanded in the US for tenure track positions and/or for management positions
in education/training in academia and industry [12]. In a recent case, a half way PhD student in
engineering education at Virginia Tech got a tenure faculty position (Eng. Ed. Dep. Virg. Tech., 2011).

By actively joining the recent international movement in interest in engineering education, the
Germans aimed to revive their early contributing heritage of Dresden (IGIP-REGIONALTAGUNG,
2011). Currently, BSc/BA and/or MSc/MA programs in Ingenieurpädagogik are offered at many
German Universities, including Esslingen University of Applied Sciences, Mannhiem University of
Applied Sciences, Friedrich-Alexander University, Heidelberg University of Education, Karlsruhe
Institute of Technology, etc. Other parts of the world witness accelerated activities in this domain.
Universiti Teknologi Malaysia (UTM) started to offer a structured PhD program in engineering
education few years ago. The program houses around 20 PhD students as of May 2010 (UTMEER,
2010). This is probably the largest formal graduate EER program outside the US. Formal PhD programs
in Ingenieurpädagogik have existed since 1951 in Germany and since the 1970s in Sovakia, and the
Czech Republic [37]. Formal PhD programs in engineering education have recently been initiated in
India and Mexico [7], interest is high to initiate such programs in other countries such as Pakistan and
Taiwan [12].

Traditionally, prior to the establishment of formal engineering education PhD programs,
PhD theses in engineering education topics were conducted and granted within classical engineering
departments. One of the very first of its type can be traced to 1920s [12]. This is still, and will
continue to be, a trend in many Universities worldwide [12]. It is estimated that only few hundreds of
PhD dissertations have had a focus on engineering education in the period from 1841 till 2008 [38],
and majority were granted by classical engineering departments. The number of granted PhDs in
engineering education is expected to accelerate rapidly in the next few years as a result of increasing
international interest in the field and the establishment of more dedicated departments and centers
for this field. The authors are unaware of any department or structured BSc, MSc, and PhD programs
dedicated in engineering education in the Middle East.

3.3. National, Regional and International Societies in Engineering Education

Apart from University units, centers, and departments, there are independent US centers and
societies for engineering education operate on a nationwide level. Some of their main tasks are
the production of necessary policies and recommendations for advancing engineering and STEM
education as well as conducting EER. Examples include the American Society for Engineering
Education, Center for Advancement in Engineering Education, the National Center for Engineering
and Technology Education, the Center for Advancement of Scholarship on Engineering Education.
Engineering Education Research divisions and groups exist in national societies on engineering
education, e.g., in the American Society of Engineering Education (Since 1971), in the Australian
Association of Engineering Education (Since 2008), and in the European Society for Engineering
Education (Since 2008). The authors are unaware of any national or regional Middle Eastern society
dedicated for engineering education.
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3.4. Engineering Education at K-12 Level

Implementations of varied forms of engineering education at K-12 level have been carried out
mainly in the US and can be traced to the early 1990s. It is estimated that more than six million
K-12 students in the US have been exposed to formal engineering education in schools and tens of
thousands of K-12 teachers have followed relevant professional development sessions [15]. Engineering
activities have been used as one of the most effective vehicles for showing the applicability of taught
math, physics and chemistry in K-12 education. There has been growing evidence that incorporating
engineering education at K-12 level has a positive impact on stimulating interest and improving
learning of science and mathematics subjects [15]. Furthermore, since engineering applications are
quite tangible and depend highly on science and math, such approach normally attracts young students
in K-12 towards a career in a STEM subject [39]. Engineering could enhance the attainment of learning
outcomes of science and mathematics subjects in K-12 curriculum [4]. Regardless of whether students
choose to pursue a technical or non-technical study or career after high school, using engineering in
K-12 education is a way of developing essential skills for 21st century careers such as problem solving,
creativity, leadership, teamwork, organization and management skills, etc. [4].

Structured engineering education in K-12 seems to be less common practice outside the US;
however, a new K10-12 program, called Diploma, has been implemented in the UK recently (since 2009).
In this program, students specialize and follow constructivist hands-on training in tracks similar to
those followed in higher education; there are seven tracks, and one is engineering. Australian reforms
of K-12 education in the last few years have witnessed the introduction of some formal engineering
training into K-12 curriculum. Generally, in Europe, technology (often technology and design) is used
rather than engineering to broaden the content and is a compulsory subject in many countries for K-12,
Switzerland being an exception. In Sweden, a K10-12 engineering program reemerged in 2014 (it had
been absent since 1994). We expect that K-12 education in the Gulf Cooperation Council (GCC) and
Qatar is in need of more formal and informal integration of engineering, computing and technology in
its curriculum.

4. Scoping to the GCC States and Qatar and the Emerging Needs of Sustainable Development

In the GCC and State of Qatar, engineers continue to play important roles in the majority of
industrial and governmental sectors. Horizontal and vertical expansion in infrastructure, mega
projects, and several GCC countries visions in transforming into a knowledge based economy by 2030,
makes it urgent to focus on engineering/STEM education. We think that the need to take urgent and
proactive actions in engineering education in the GCC, informed by systematic contextual research,
to respond for contextual current and future needs is among the most pressing demands worldwide.

In particular, with the recent decline of oil and gas prices since 2014, GCC countries have been
looking more seriously into diversification of their economic resources, with particular focus on
technology, innovation, and knowledge based economy streamlines. GCC engineering and technology
manpower play a cornerstone in this diversification process. Several implications are expected
on engineering and technology man power in terms of quantity and quality. For instance, there
will be need for more numbers of engineering and technology graduates, and hence increasing the
pipeline with interventions starting from K-12 becomes essential. In terms of quality, there will be a
need for a significant proportional shift from operational engineering functions towards innovation,
design, sustainability, R&D, and commercialization functions. Hence, competencies set required of
engineering and technology graduates will need to change significantly. Furthermore, the changes in
engineering and technology to cope with innovation and knowledge based economy transformation
needs to have several other layers, including but not limited to governmental policy and incentives
changes, industry organizational change, workplace engineering training, shifts towards management
of innovation, focus on derivatives in oil and gas, higher penetration of digital tools and digital
transformation processes, etc. Proper planning and execution of all these changes should be advised by
rigorous research that is normally outside the interest and capacity of vertical/technical engineering
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departments (e.g., civil or mechanical engineering). Here comes roles of engineering and technology
innovation and education centers or departments that aim to house multidisciplinary expertise in
areas such as innovation, design, education, psychology, industrial and systems engineering, policy,
sustainability, etc.

5. Proposal of Organizational Entity in Engineering Schools for Driving Sustainable
Development

5.1. Sustainable Development Foundations of the Proposed Entity

In this paper, a proposal of establishing an innovation department/entity in engineering schools
to focus on two main pillars of sustainable developments:

• Transformative engineering and technology human talent sustainable development
• Technologies, products, services, innovations, and startups for shaping sustainable

socio-economic development

The proposed entity could be a center, a unit, or more comprehensively a multidisciplinary
department, and the proposed name is “Technology Innovation and Engineering
Education/Entrepreneurship (TIEE)”. The role of engineering and technology in sustainable
socio-economic development is one of the major focuses in teaching, learning, services, and R&D of
the proposed entity.

5.2. Drivers of the Proposed Structure

The proposed restructure is motivated by two main drivers:

(1) Driver 1: Meeting internal, local, and contextual needs:

a. Higher level and more efficient coordination, accountability, management, and
sustainable innovation in engineering courses offering (in particular inter- and
multidisciplinary offerings).

b. Increased industrial needs of national engineering graduates in the GCC area with further
multidisciplinary experience and professional, technical and soft skills.

c. More focus on multidisciplinary technology innovation and design at colleges and
schools of engineering as a direct response for the role of engineering in National
Visions (e.g., Saudi Vision 2030, and Qatar National Vision 2030) and advancing a
knowledge-based economy.

d. Establishing a multidisciplinary engineering department (as opposed to existing traditional
disciplinary departments in engineering schools) that provides a natural departmental
house for attracting needed and related multidisciplinary engineering expertise faculty
that would not normally fit in the culture, disciplinary focus, and professional activities of
disciplinary engineering departments.

(2) Driver 2: Catching up with international trends related to internal needs, and forming a driving
leading force locally and regionally:

a. Significant emergences in establishing multidisciplinary/general engineering departments
with focus on technology innovation, design, first year engineering, general engineering,
multidisciplinary programs on undergraduate/postgraduate (UG/PG) levels, engineering
education research and practice, etc.

b. Emergence of the Engineering Education Research as an independent wide scope
multidisciplinary field scholarship utilized for informing:
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i. Informing Engineering Education Teaching, Learning, Curriculum Innovation, and
Practice beyond accreditation agencies requirements, e.g., Accreditation Board for
Engineering and Technology (ABET) from US.

ii. Informing Engineering and Engineering Education Policy on Institutional, National,
or Regional Levels.

iii. Informing Industry relations, practice, linkage, and engineering profession.

In another dimension of necessity, it can be argued that the engineering curriculum in many
developing countries is derived from foreign curriculum taken from the US, Western Europe or Eastern
Europe. This could be a useful approach, in particular with the absence or weakness of national
institutions that would be able to develop a robust national curriculum. However, a curriculum
developed in the West is strongly governed by its history, and industrial, economical and societal
needs, which could significantly differ from those of a developing country. Furthermore, the West
has reached a rather stable point, while some countries such as Qatar, China, India and Turkey
witness a phenomenal development; a curriculum of a highly adaptive nature could better suite such
circumstances [40].

6. Description of the Proposed Entity

The new proposed entity will work in integrative manner across engineering departments for
driving multidisciplinary technology innovation, design, and engineering education scholarship,
research, practice, and K-12 outreach. The focus on engineering education research and practice is
with the aim of resulting in sustainable engineering and technology talent development equipped
with mindset, skills, knowledge, and competencies to drive sustainable economic growth. The focus
on technology innovation, multidisciplinary design, product development, and commercialization
is with the aim of positioning engineering and technology at the core of future sustainable economic
development of GCC countries.

The proposed new department will be responsible for the general and multidisciplinary
engineering program/offerings, and it will gradually tab in related multidisciplinary engineering
faculty expertise to teach general engineering offerings. The latter will become an academic integrative
platform. The attracted faculty will form a driving core force for brining multidisciplinary technology
innovation, design, entrepreneurship, engineering education practice and scholarship, and sustainable
development into higher levels at GCC engineering schools.

6.1. Proposed Name

The proposed name of the entity is Technology Innovation and Engineering Education (TIEE).
This provides two dimensions of scope: (1) technological innovation and entrepreneurship and its
related techno-socio-economic aspects; and (2) educational innovation (with particular focus here on
engineering and technology education).

6.2. Mission, Vision, and Strategic Objectives

6.2.1. Mission

To offer competent multidisciplinary and general engineering education, and to support
contextually oriented technology innovation, design, entrepreneurship, and education practice and
research in integrative manner with disciplinary engineering departments and other interrelated
non-engineering disciplines.
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6.2.2. Vision

To become a leading regional model and development force in the practice and scholarship of
technology innovation, entrepreneurship, and engineering education.

6.2.3. Strategic Objectives

Objective 1—Deliver Competent Multidisciplinary General Engineering Education: Provision
and coordinate innovative multidisciplinary and competent general engineering offerings in the college
of engineering on Foundational, UG and PG levels considering disciplinary departments needs and
contextual market demands.

Objective 2—Elevate Multidisciplinary Technology Innovation, Design, and Entrepreneurship:
Service CENG disciplinary departments in driving multidisciplinary technology innovation, design,
and entrepreneurship practices, in connection with contextual/local industrial, societal, and
economical needs for sustainable socio-economic development.

Objective 3—Emphasize Industrial/Professional Experience, Leadership, and Social
Responsibility of Engineering: Offer an integrative cross-departments organizational, and academic
offerings platform for emphasizing multidisciplinary professional engineering experience and social
responsibility of engineering graduates.

Objective 4—Advance Sustainable Technology Innovation and Engineering Education
Research, Practice, and K-12 Outreach: Support and drive novel innovations, engineering education
research, scholarship, practice, and K-12 outreach nationally and regionally.

The mission and objectives will be implemented through a number programs, services,
and research activities. Table 1 shows a mapping between the entity activities and its objectives.
The required multidisciplinary engineering faculty expertise to lead these activities is shown in Table 2.

Table 1. Mapping between objectives of the new entity and means of implementations (academic
programs, services, and research).

Department Purposes/Objectives Obj. 1 Obj. 2 Obj. 3 Obj. 4

Academic
Programs

First Year General Engineering Program (FY-GENG) X X X X

Technology Innovation, Design, and Entrepreneurship
General Engineering Program (TIDE-GENG) X X X X

Minors/Degrees in Engineering Leadership, in
Engineering Education, in Engineering
Entrepreneurship (UG/PG)

X X X

Minor/Major/Degree in Tech. Innovation and
Design (UG/PG) X X X X

Minor/Major/Degree in Technology and Sustainable
Development (UG/PG) X X X X

Services

Rapid Prototyping and Incubation Hub X X

Engineering Learning Hub X X

Professional Development in Engineering Education
Research and Practice X

Research
Technology Innovation, Design, and Entrepreneurship
Research Group X X X X

Engineering Education Research Group X X X X
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Table 2. Multidisciplinary engineering faculty expertise to be attracted.

Expertise Background
BSc

Background
MSc/PhD

Example of
Graduating

Schools

Name of
Graduating

Program

Teachings
Mapping in

the TIEE

Technology
Innovation, Design,
Entrepreneurship, and
Sustainable
Development (with
industrial experience)

Mech., Elect.,
Civ., Design.,
Systems.,

Technology
Innovation,
Engineering
Design

Purdue
University,
Penn. State
University,
Imperial
College

Engineering Design,
Technology
Innovation and
Design, Technology
Entrepreneurship,
Systems Engineering
Design

TIDE-GENG

Engineering Education
(including Technology
Enhanced Engineering
Learning)

Engineering
(Any),
Computer
Science
(for TEEL),

Engineering
Education

Purdue
University,
Virginia Tech.,
Utah State
University

Engineering
Education;
Technology
Enhanced Learning

FY-GENG;
TIDE-GENG

TIEE: Technology Innovation and Engineering Education; TIDE-GENG: Technology Innovation, Design, and
Entrepreneurship General Engineering Program; TEEL: Technology Enhanced Engineering Learning; FY-GENG:
First Year General Engineering Program.

6.2.4. Academic Programs

First Year General Engineering Program (FY-GENG): The FY-GENG will work on introducing
common first year engineering experience among engineering students through revamping existing
courses and internal CENG policies in collaboration with college of engineering departments,
and through introducing hands-on and engineering professional activities focusing on design, creativity
and innovation; connection with professional experience in field; and early on various engineering
disciplines tasters. The FY-GENG will work closely as interface and needs alignments of first-year
math and science courses.

Technology Innovation, Design, and Entrepreneurship General Engineering Program
(TIDE-GENG): This is structured design and entrepreneurship oriented program and deployed
cross-curricular in both vertical and horizontal levels working on instilling multidisciplinary
innovation, design, and commercialization:

(1) Foundational design Horizontally via the FY-GENG
(2) Vertically through the curriculum utilizing:

a. General Engineering Course in level 200 in Systems, Design, and Entrepreneurship
b. Course Small design Projects in Existing General Engineering Courses in levels 200 and 300

(3) In-Depth and Complex Design Horizontally via Multidisciplinary Senior Design Project at
Level 400

An example list of normally existing general engineering courses in UG and PG level in
colleges of engineering can be found in Appendix A. Restructured, and built upon these courses
for developing the FY-GENG, TIDE-GENG and other multidisciplinary offerings becomes a natural
step in the development of TIEE department concept. Figure A1 shows example of positioning of
the horizontal (FY-GENG) and vertical (TIDE-GENG) programs within the technical disciplinary
engineering programs in a college of engineering.

Other Opportunities for Academic Offerings: The proposed structure enable developing,
managing, and/or coordinating with other departments new relevant concentrations, minors or
programs on Undergraduate (UG) or Postgraduate (PG) level, for example:

(1) Concentration/Minor in Engineering Leadership (BSc level): Could be in particular useful for
Qatari engineering graduates who would progress into leadership positions relatively quick in
their career.
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(2) Minor or Degree in Technology Innovation and Design (BSc level): Suitable for disciplinary
graduates with professional career plans in systems integration, design and development.

(3) Minor in Engineering Education (MSc/PhD): Suitable for graduates with academic engineering
career plans.

(4) Minor in Engineering Entrepreneurship (BSc/MSc/PhD): Suitable for graduates with own
business and startups career plans.

(5) Minor/Major/Degree in Technology Innovation and Design (MSc): Suitable for graduates with
professional engineering career plans.

(6) Minor/Major/Degree in Technology and Sustainable Development (BSc/MSc/PhD): Suitable
for graduates who will work in suitability and policy related careers in government and industry,
as well as, for sustainability academia career tracks.

6.2.5. Services

Professional Development in Engineering Education Research and Practice (PD EERP):
The department will frequently provide professional development sessions, workshops, and training
and certification programs for disciplinary engineering faculty members from other engineering
departments or other national/regional engineering institutions. Such professional development will
include demonstrations of novel methods in engineering teaching and learning, and approaches and
methods for conducting engineering education research.

Engineering Learning Hubs (ELH): These are specific tailored learning spaces and services to
offer learning support for struggling and at-risk engineering students.

6.2.6. Research and Development

The new department will tab in and attract gradually multidisciplinary engineering faculty
expertise in: (1) Technology Innovation and Design; and (2) Engineering Education. The establishment
of the department is expected to emerge research and development activities in two main new
applied multidisciplinary areas connected directly with internal needs to the college, and local
socio-economical needs.

Technology Innovation, Design, and Entrepreneurship (TIDE) Group: Developments in
this group are mainly of applied nature focusing on fostering technological innovation and
design (using multidisciplinary engineering approach) for resolving contextual industrial and/or
socio-economical needs. The group, with its multidisciplinary expertise in design and entrepreneurship,
will work on technology and engineering entrepreneurship for brining developed technical
products/services into commercial realization.

Technology, Policy, and Socio-Economic Sustainable Development (SD) Group: This group
will work on studies and research projects mainly in domains of science and technology policy, and the
role of innovation, science, engineering, and technology in socio-economic development. Further
focus will be paid on science, engineering, and technology solutions for sustainable development in
the GCC area. Research on deploying sustainable development in existing government and industry
organizations in the GCC is a major focus as well.

Engineering Education Research (EER) Group: Faculty and staff at the department will conduct
applied research in engineering education and learning. Findings of the research will be utilized to
scale up best tested approaches. In addition, faculty and staff of the department will support and
collaborate with other faculty in other engineering departments who are interested in conducting
engineering education research. Other areas of developments focus will be related to Technology
Enhanced Engineering Learning (TEEL). Examples of areas of focus in TEEL are flipped classroom,
formative assessment with TEEL, Massive Open Online Courses (MOOCS), remote and virtual labs,
e-learning, learning technologies, mobile learning, and intelligent tutoring systems, instructional
design, etc. It is worth mentioning that such digitally enabled planned streams are of both a practical
and R&D scope, which are both interchangeably feeding back into each other. For instance, applications



Sustainability 2017, 9, 171 13 of 21

of ICT into engineering education and learning and teaching practice will be informed by R&D findings,
and this application will feedback data and more in-depth insight into next directions of such digitally
enabled learning and teaching in engineering.

6.3. Needs for the New Entity

6.3.1. Organizational Needs

Its main organizational needs are:

(1) Offering an organizational house for attracting multidisciplinary (general) engineering faculty
(in engineering education, technology innovation, design, and entrepreneurship) that could be of
a more fit for teaching and learning of general engineering offerings than disciplinary engineering
faculty housed in the disciplinary departments.

(2) Enhance of general engineering courses offerings and sustainable innovation via direct provision,
accountability, reporting, revision, and management of the general engineering program and
courses that are normally provisioned by several departments at once.

(3) Support significant emergence of state of the art practice and scholarship of technology innovation
and engineering education in the college of engineering departments via attracting a core group
of related multidisciplinary engineering faculty expertise as a driving force.

6.3.2. Added Value of the New Entity and How It Will Complement and Support Other Existing
Departments in the College of Engineering

− Better prepared students before entering into major after finishing the first year
engineering program.

− Further assistance in ABET accreditation for criteria focusing on multidisciplinary design and
soft skills development.

− Faculty professional development, consultation, and collaborative research in multidisciplinary
technology innovation, design, and engineering education.

− A platform for equipping students from disciplinary with experiential hands-on practical
experience linked with multidisciplinary design for real industrial and socio-economic issues,
and is informed by proved pedagogy and engineering education research.

− Positioning a college of engineering as leading institute in the area, in the emerging field of
engineering education research.

− Further compliance with local industry needs and higher level satisfaction of college of
engineering graduate students.

− Support of the college disciplinary departments in their K-12 outreach and initiating new College
outreach activities.

6.4. Expected Impact and Measures of Success

6.4.1. Expected Impact on Instructional and Research Activities

The proposed department is expected to have significant impact on instructional and
research activities:

(1) Opening new area of Scholarly Disseminations technology innovation and engineering education
in form of high quality journal articles, books and book chapters, and conference papers.

(2) Provisioning of Professional Development Educational and Training Programs in
engineering education.

(3) Relatively low cost research (costs are mainly associated with human resources salaries, no need
for expensive experimental hardware and labs for instance). On the other hand, outcomes of
research are of significant impact on engineering capacity development.
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(4) Fostering of further linkage between academia and industry/society in the GCC or Qatar.

6.4.2. Potential Measures of Success

The following are some examples of the measures of success:

(1) Increase in number of new innovations in curriculum development and engineering education
provisioning in other departments in the College of Engineering as outcome of collaboration with
faculty of the new department.

(2) Increase in number of male national citizens enrolled and in engineering as outcome of new K-12
engineering outreach activities.

(3) Enhancement of retention rates in engineering, in particular with minority segments
(least retention group).

(4) Satisfaction level of College of Engineering departments and programs with incoming students
after completing the First Year Engineering Program.

(5) Satisfaction level of engineering experience of College Engineering students, in particular in
issues related to multidisciplinary design and general engineering courses experience.

(6) Increase of number of multidisciplinary design projects with direct link to local/contextual
industrial or socio-economic needs.

(7) Number and amount of newly attracted funds from National Research Funds and local industries
in areas related to technology innovation and engineering education.

(8) Number of joint scholarly publications between the new department faculty and other faculty
departments and research centers faculty and staff.

(9) Number of Faculty professional development provisioned by the new department for other
faculty, and level of engagement.

(10) Number of new technology startups and commercialization from students and faculty of the
school of engineering.

7. Challenges in Realization of TIEE Concept Relative to the Current Engineering Schools
System, Strategies for Implementation, and Envisioned Benefits

7.1. Challenges

Our experience shows significant challenges in realization of such TIEE entity in a GCC or Middle
Eastern context in which we have pushed for implementation. First, engineering academic mindset in
the GCC/MENA (as in several other regions) is significantly technically and vertically focused, while
the proposed TIEE concept is more of a multidisciplinary and horizontal nature that touches on several
non-engineering or non-technical fields (e.g., business, sustainability, education, social sciences, etc.);
hence there are significant conceptual differences in understanding the purpose, nature, and needs of
such entity among engineering academic community and accordingly getting the needed support.

Second, innovation adoption normally follows an S curve [41], in which it is very slow for a period,
which is normally long in low innovation adoption environments. The higher level the innovation,
the slower adoption is. TIEE concept is to a significant extent a high level organizational innovation,
or even could be considered as a disruptive innovation. Christiansen and Overdorf [42] suggest
that for disruptive organizational change, a spin off organizational structure should be considered
when the processes and values fit of the new innovation is poor within the existing organizational
structure. TIEE values and processes are significantly different from those of technical and vertical
engineering departments in classical engineering schools, and hence spinning off TIEE in a separate
organizational structure provides a significant methodological approach for growing its planned
functions. Figure 3 shows the space of possibilities for organizational innovation development. States
A, B, C, and D represent various states of innovation fit with values and processes of an organization.
For instance, taking a college of engineering as an organizational example, a development of a
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minor/major in control systems engineering within an electrical engineering program could have
a good fit with values of electrical engineering department and program development processes,
hence it could be an example of state A. For State B, a development of joint degree between college of
engineering and college of business (e.g., on technology innovation and management) may have a
good fit with college of engineering values, but low fit with its processes (e.g., accreditation necessities
from business side, cross-college collaboration, etc.). State C may represent establishing an R&D
technical center within the college. Such center main function is technical research and development,
which fit well with college of engineering processes (e.g., R&D is one of the major functions of
engineering faculty), however, translating R&D outcomes into products and revenue generating
startups would require business mindset and core competencies and values that are normally lacking
within the engineering school community, hence commercialization normally facilitated by a spinout
organization (e.g., Technology Transfer Office, Accelerators, etc.). The TIEE department may represent
a case in State C, as both processes and values are quite different from those classical ones of technical
departments and conventional schools of engineering (e.g., multidisciplinary focus, faculty expertise,
business and commercialization focus, type of education and programs, etc.).Sustainability 2017, 9, 171  15 of 21 
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Third, in spinning off such TIEE entity comes internal politics of the organization (here an
engineering school). For the TIEE Department particular case, it is interrelated literally with almost
every department and office in an engineering school due to its horizontal and multidisciplinary
nature; hence, the level of internal politics is significantly high.

Fourth, and probably the most important challenge, is the senior leadership driver on the level of
engineering school to understand, adopt, and push such organizational innovation, and the scarcity of
TIEE related multidisciplinary competencies among the engineering faculty community. For proper
realization, an engineering school will need: (1) its senior leadership’s political and resources support
(sometimes beyond the engineering level, e.g., on the executive University level); and (2) a core
collaborative driving team with the relevant TIEE competencies to initiate the development, brings
concepts into tangible programs, courses, practices, impacts, etc., and diffuse the latter across the
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school of engineering. Core TIEE competencies are relatively scarce globally, and highly scarce in the
Middle East and GCC area.

7.2. Strategies for Implementation and Challenges Minimization

Several strategies can be devised to minimize the impact of the several challenges mentioned
above, such as:

− For recruiting the core multidisciplinary faculty team, develop a gradual staffing plan over
4–5 years through re-allocation of upcoming opening faculty positions in the college of
engineering from various departments to the new TIEE department (re-allocated to teach
General and Multidisciplinary engineering subjects normally taught by various department) on
the account of releasing the technical department from teaching general engineering subjects
gradually. On a lump sum, this is almost of a zero-cost staffing to the college. In addition,
this strategy will allow enough time to search and head hunt for necessary expertise, which is
normally scarce.

− Develop a series of TIEE professional development seminars, workshops, as well as structured
programs (maybe with certification) to help technical faculty in disciplinary departments to grow
their engineering innovation and education competencies and apply it.

− Develop cross-department innovation working group tapping on various interests of existing
disciplinary and technical faculty. For instance you may find one or more in each department that
would be interested to test and develop active learning teaching methods (e.g., flipped classroom).
Group these into one working group and offer them structured professional development
and frequent consultancies during the implementation of the innovation approach. As the
group competencies grow with time, these becomes agents of innovations diffusion across the
various technical departments. Other examples of these cross-department innovation groups
are “Learning Technologies”, “Multidisciplinary Design”, “Innovation and Entrepreneurship”,
etc. Figure A2 in Appendix B shows an example of an innovation working group on
“Flipped Classroom”.

− Encourage and support disciplinary and technical faculty to conduct research in engineering
education. Several research active engineering faculty are also passionate about teaching and
learning and would be interested in taking a bit extra investment on their time spent on testing
new engineering education approach to evaluate their impact and disseminate findings. They lack
education research methods and proper experimental design. The role TIEE department faculty
expertise is to help these champions to take their interest into next stage of implementation.
Positive research findings can be disseminated internally through seminars and showcases,
leading to encourage other technical faculty to test new engineering education approaches,
and probably publish as well.

− Follow an experimental approach in which a new educational innovation is piloted first,
evaluated, improved, and then upon satisfactory evaluation findings scaled up across the college.
Show data evidence of impact widely across the engineering college community. For instance,
Figure A3 in Appendix C shows 20%–50% and 500% enhancement in learning gains of two
different engineering education innovation interventions (see [32,43] for further details).

− Tap in and integrate (within the whole picture of TIEE framework) resources existing in
other departments (e.g., labs equipment, workshops, faculty interests and expertise, student
leaders, etc.).

− Develop the various programs, courses, labs, activities, etc. of the TIEE department
systematically and gradually over a period of 4–5 years parallel to building the necessary team
(externally through recruiting, and internally through developing necessary core competencies
in technical engineering faculty of interest). See Figure A4 in Appendix D for an example of a
prioritized and gradual implementation plan.
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In addition to the proposed strategies earlier, we recommend developing the TIEE framework in
at least two engineering schools (preferably in two different GCC countries) in close collaboration and
partnership. The dual approach would help in learning lessons from each other, and could accelerate
the emergence of TIEE implementations across the GCC area based on rationalized success in this
concept article.

7.3. Envisioned Benefits

Despite the previous challenges, expected benefits (or Return in Investment (ROI)) is significant.
First, a TIEE Department overall cost is close to minimal as a lump sum cost of engineering school, since
such department will be carrying out the teaching of general engineering courses that are normally split
across the disciplinary departments. The difference here is that with a TIEE, the competency set of TIEE
faculty is multidisciplinary, which you would not normally find in technical departments. The concept
here is that with such multidisciplinary competency set, several distributed technical/vertical assets
across the engineering schools can be leveraged together into two main sustainable development
streams as described earlier in this paper: (1) engineering and technology human capital sustainable
development (engineering education research and practice dimension of TIEE); and (2) sustainable
economic development (innovation, design, and entrepreneurship dimension of TIEE). These crucial
sustainable development dimensions for knowledge based economies are rather poorly addressed in
current engineering school systems [40,44], in particular Middle East and North Africa.

8. Conclusions

Most of engineering schools in the GCC and the Middle East follow a traditional disciplinary
department’s structure, with curriculum mainly focused on engineering sciences and theories. In this
paper, we propose establishing a multidisciplinary entity in engineering schools with focus on
driving the applied side of engineering together with innovation, design, and all the way towards
commercialization and entrepreneurship. The other nexus of the proposed entity aims at deploying
state of the art practices in engineering education, and foster conducting engineering education research
among engineering faculty. The latter activity emphasizes continuous innovation in engineering
education delivery and content, as well as utilizing the scientific method for solving educational
problems facing the engineering education system in the GCC and the region. The proposed TIEE
entity in this paper elevates the role of engineering schools in sustainable engineering and technology
human talent development via fostering innovation in engineering education, and also sustainable
socio-economic development via fostering technological innovation and entrepreneurship.

Acknowledgments: Feedbacks from several senior leaders, academics, faculty, and students at College of
Engineering, Qatar University have contributed to refining the proposed TIEE conceptual framework, this is
gratefully acknowledged.

Conflicts of Interest: The author declares no conflict of interest.

Appendix A. Example of General Engineering Offerings that Normally Exist in Colleges
of Engineering

GENG Undergraduate Courses:

(1) GENG 106 Computer Programming;
(2) GENG 107 Engineering Skills and Ethics;
(3) GENG 111 Engineering Graphics;
(4) GENG 200 Probability and Statistics for Engineers;
(5) GENG 201 Electric Circuits I;
(6) GENG 231 Materials Sciences;
(7) GENG 300 Numerical Methods; and
(8) GENG 360 Engineering Economics.
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GENG Postgraduate Courses:

(1) GENG 602/DENG 602 Applied Research Methodologies;
(2) GENG 603/DENG 603 Advanced Numerical Analysis;
(3) GENG 604 Project Management;
(4) GENG 605/DENG 621 Applied Statistics Analysis;
(5) GENG 606/DENG 621 Graduate Seminar; and
(6) DENG 624 Innovation and Technology Management.
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