Special Report

The Research Agenda for the New Discipline

of Engineering Education

1. INTRODUCTION

Rapid changes in the worldwide engineering enterprise are cre-
ating a compelling rationale for us to rethink how we should edu-
cate future generations of engineers [1-4]. According to The Engi-
neer of 2020 [5], tomorrow’s graduate will need to collaboratively
contribute expertise across multiple perspectives in an emerging
global economy that is fueled by rapid innovation and marked by an
astonishing pace of technological breakthroughs. Deteriorating
urban infrastructures, environmental degradation, and the need to
provide housing, food, water, and health care for eight billion peo-
ple will challenge the analytical skills and creativity of engineers.
From a U.S. perspective, a continuing decline in interest by Ameri-
can youths in engineering, a shrinking capacity for technological in-
novation, and an engineering research infrastructure in distress are
early warning signs that the nation’s prosperity and security are at
stake if we fail to take action. Our leadership and capacity for inno-
vation are destined to erode unless current trends are reversed
[6-8].

Meeting these and future challenges requires a transforma-
tional change rather than incremental improvements in how we
recruit and educate engineering students. Business, academic,
and government leaders from across the engineering enterprise
have repeatedly remarked that systematic research of how we ed-
ucate engineers must be the path by which we transition from
episodic cycles of educational reforms and move to continuous,
long-lasting improvements in our education system!. Research
in engineering education must become the engine that drives
change to improve the technical fluency of students and teachers,
increase interest in engineering and awareness of the social im-
pact of the engineering profession, increase diversity in the engi-
neering student body, and increase the U.S. contribution to the
global engineering workforce. Such research will provide the
principles, methodologies, and educational practices upon which
to continuously build innovative curricula that lead contempo-
rary engineering practice and meet the needs of the nation and
the world. Ultimately, we assert that a rigorous research-based
approach to our educational system, similar to the way in which
research is performed and used in the traditional engineering dis-
ciplines, it will allow us to be more competitive on the global

As exemplified in recent editorials in the Journal of Engineering Education
(Kerns, 2005; Gabriele, 2005; Haghighi, 2005; Fortenberry, 2006; Streveler and
Smith, 2006) and in the Special Issue devoted to the State of the Art and Science of
Engineering Education Research (Lohmann, 2005; Felder, Sheppard and Smith,
2005). Also see “Envisioning a 21 Century Science and Engineering Workforce
for the United States”, A report to the Government-University-Industry Research
Roundtable, The National Academies Press, 2003.
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stage and position us to begin addressing national and global
grand challenges.

The Engineering Education Research Colloquies (EERC)
were designed with this transformational change in mind [9]. Rep-
resenting a collaborative effort of more than 70 engineering, sci-
ence, and mathematics educators and researchers, learning scien-
tists, and practitioners, EERC participants worked to address the
challenges and future needs of engineering education. This report
presents five research areas that will collectively serve as the founda-
tion for the new discipline of Engineering Education. We envision
a synergistic research agenda that will profoundly enhance the U.S.
capacity to educate future engineers by shaping our understanding
of: what content (knowledge and skills in context) future engineers
must possess; how said content is being learned; and how learning
of the content should be assessed. This research in turn will inform
how the content should be taught as well as how future leaning en-
vironments should be designed. Finally, understanding these fun-
damental areas will facilitate our ability to attract, engage and retain
the diverse cadre of human talent needed to be a more inclusive and
prosperous world community of engineers.

I1. RESEARCH AREAS

The five research areas for the new discipline of Engineering
Education consist of one or more interrelated strands of research
that can be investigated independently or integrated with other
areas of inquiry. The research areas include:

o Engineering Epistemologies

o Engineering Learning Mechanisms

o Engineering Learning Systems

o Engineering Diversity and Inclusiveness

¢ Engineering Assessment

Area1—Engineering Epistemologies: Research on what constitutes
engineering thinking and knowledge within social contexts
now and into the future.

Engineering education prepares students to affect the world of
tomorrow, thus engineering education researchers must explore
what the engineer of tomorrow will need to know. Students and
employers alike expect a high degree of synergy between what is
learned in classroom and what is needed in the field for successful
practice. Describing and defining the nature of engineering work as
a professional enterprise and articulating the roles of engineers in
that work are critical components of creating this synergy.
Although there is an implicit understanding of the essence of engi-
neering thinking and knowing, as evidenced both in our current
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educational system and in reports seeking to facilitate improve-
ments in engineering education, the profession needs research that
will help characterize the nature of engineering knowledge (i.e., its
technical, social, and ethical aspects) and ways of engineering think-
ing that are essential for identifying and solving technical problems
within dynamic and multidisciplinary environments. The ever-
increasing pace of change in the engineering enterprise makes char-
acterizing engineering a particularly challenging yet essential step to
developing a meaningful understanding of the nature and long-
term needs of engineering education. Research that attends to the
historical, contextual, and philosophical dimensions underlying the
engineering profession is important in guiding such efforts.

Research is needed along four strands of inquiry: 1) What
knowledge, skills, processes, values, and attitudes characterize engi-
neering as a unique field, and what are the mechanisms by which
these defining elements change over time? 2) How do elements
such as innovation, critical thinking, systems thinking, biology,
mathematics, physical sciences, engineering sciences, problem solv-
ing, design, analysis, judgment, and communication relate to each
other to characterize the core of engineering as a profession? 3)
What is the source of these core elements, and how are they
shaped? Is engineering best characterized by the people it serves, the
problems it addresses, the knowledge used to address problems, the
methods by which knowledge is applied, or its social relevancy or
impact? 4) What is the connection between what students are
taught and how (and if) they practice engineering once they gradu-
ate? Where do and where should engineers learn core elements, and
who is involved in these decisions?

Area2—Engineering Learning Mechanisms: Research on engi-
neering learners’ developing knowledge and competencies in
context.

Experienced engineers and scientists from around the world are
accelerating the pace of discovery and transformation of this new
knowledge into viable products, processes and services. However,
maintaining this growth potential coupled with the retirement of ex-
pertise from technical disciplines will require a transformational
change in how we prepare our learners across all ages. Therefore, fun-
damental research that describes the knowledge, skills, and attitudes
learners’ bring to their engineering education that influences what
they learn as well as how students develop the ability to learn, think,
innovate, and problem solve like an engineer will challenge current
assumptions about how we teach and assess for understanding.

Learning to engineer will require three major strands of inquiry
that centers on understanding: 1) learners acquisition, comprehen-
sion, and synthesis of domain specific knowledge to achieve contex-
tual goals; 2) the learning progressions of learners and their educa-
tional experiences that develop this knowledge and identity
necessary to be an engineer; and 3) the variance of knowledge, skills,
and attitudes of a diverse population of learners. For example, the
first area addresses questions such as: What principle characteristics
describe how learners acquire, comprehend, and synthesize domain
specific knowledge? What barriers impede learners’ ability to learn
with understanding (e.g. misconceptions, mathematical literacy, at-
titudes)? The second area of inquiry centers on questions like: How
do learners progress from naive conceptions and partial understand-
ings to richer knowledge and skills that facilitate innovative think-
ing? What learning progressions of content, concepts, skills, and at-
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titudes develop competent and motivated engineers? The third area
of inquiry considers questions like: What knowledge, skills, and at-
titudes do learners bring to their engineering education that influ-
ences what (and how) they learn? What factors define how learners
engage in engineering related activities and their willingness to per-
sist in these activities? Knowledge from each of these strands of re-
search will inform how we can transform our educational approach
to a method that invites more students into the engineering com-
munity and better prepares them for the rising challenges of in-
creasing new knowledge and information, global competition and
growing needs of society.

Area3—Engineering Learning Systems: Research on the instruc-
tional culture, institutional infrastructure, and epistemology of
engineering educators.

The rapid pace of innovation and the need for engineers to con-
tinually learn about and exploit the capabilities of new discoveries
will require a transformational change in how we educate our engi-
neering students. This implies creating formal or informal learning
experiences in a variety of settings (e.g., classrooms, laboratories, ex-
hibits, synchronous and asynchronous on-line activities) that are
more motivating, more engaging, and address the needs of a diverse
group of learners. Currently, engineering educators turn to general
education literature, most of which comes from the K-12 setting, to
inform their understanding of teaching and learning. Research from
the K-12 literature provides useful insights related to learning in dis-
ciplines such as physics and mathematics; however, research that ex-
plores the unique elements of engineering that extends learners
knowledge would be invaluable. Therefore, research is needed to in-
form collegiate instruction and the instructional culture, institutional
infrastructure, and the practices and epistemology of engineering ed-
ucators. Such research would promote synergy with research on how
engineering students learn and the nature of engineering knowledge.
This research area is driven by three fundamental questions: 1) What
instructional theories can guide the engineering education commu-
nity in making decisions about the education system (i.e., curricu-
lum, courses, organizational structure, and pedagogical practices)
that are most effective for engineering learners that are at different
educational and professional levels? 2) How can we characterize the
engineering teaching culture (i.e., social interactions, beliefs about
teaching and learning, and the growth of communities of educators)
in order to inform the development of current and future engineer-
ing educators for teaching practice? 3) What systems-level theories
can guide the sustainability and continual improvement of engineer-
ing education systems in diverse instructional contexts and across
scales? This would include examining new organizational schemas
for departments and colleges, as well as exploring the interdiscipli-
nary integration of subject matter such as humanities, social sciences,
natural sciences, and engineering.

Answers to these questions can lead to more effective and effi-
cient engineering instruction that will 1) better prepare graduates to
immediately engage in engineering practice and address the com-
plexities of diverse and global work environments; 2) ground in-
struction in a theory of practice and build upon a robust base of en-
gineering education research; 3) better prepare faculty to enter the
teaching profession and make a significant impact on student learn-
ing; and 4) produce educational infrastructures that create and dis-
seminate educational innovations.
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Area4—Engineering Diversity and Inclusiveness: Research on
how diverse human talents contribute solutions to the social

and global challenges and relevance of our profession.

Engineering and society are inter-related—each one shapes the
other. It is imperative to understand the influences of diverse
human talents on society in order to encourage innovation, creativi-
ty, and global understanding to achieve a more equitable, inclusive,
and prosperous world community. Creating a workforce that is ca-
pable of thinking and working across diverse perspectives is impera-
tive to the future of engineering. To achieve this goal, we must
characterize diversity, build communities that value diversity, and
develop programs and initiatives to leverage diversity.

This research area examines how diverse perspectives, experi-
ences, and ideas contribute to engineering processes and products.
We need to learn how to measure diversity and its impact in order
to understand the role diversity plays in advancing solutions, influ-
encing society, and contributing to innovation, critical thinking,
creativity, teamwork, entrepreneurship, leadership, and global com-
petencies. Ultimately, research must uncover the processes and en-
vironments that promote understanding of how we can achieve and
sustain a diverse engineering community. Engineering education
must be shaped by research that answers questions such as: What
are the best practices for faculty development related to diversity?
How can the design of learning environments and curricula capital-
ize on diverse learning styles? How can effective mechanisms be es-
tablished to help students choose pathways to align with diverse
cultural and background experiences? How does diversity within
the faculty impact teaching and learning? How is a body of shared
understanding created? What is learned from other disciplines, and
how is that experience effectively transferred into engineering?

Area 5—Engineering Assessment: Research on, and the develop-
ment of, assessment methods, instruments, and metrics to
inform engineering education practice and learning.

Assessment research is a key element to the continuous im-
provement of engineering education. Information gained through
valid and reliable assessment provides critical feedback to the educa-
tional system about the ‘state’ of engineering as a profession, student
engagement and learning, and teaching methods and systems. Fu-
ture engineering educational innovations require the development
or adoption of methodologies and instruments specific to engineer-
ing domain knowledge. This development will be influenced by re-
search methodological approaches (both traditional and emergent),
cultural drivers and barriers for assessment, and faculty epistemo-
logical perspectives.

The development, adaptation, and transfer of methods, instru-
ments, and metrics into the engineering education system require
research on those methodological approaches conducive to the en-
gineering educational environment, such as learning processes, dif-
ferent kinds of domain knowledge, socio-cultural factors, and
teaching pedagogies. Assessment research must investigate, for ex-
ample, elements of psychometric properties and aspects of triangu-
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lation associated with designing assessment instruments and
methodological practices that may be unique to engineering. Re-
search is also needed on the value systems and effective models for
change of institutions and faculty. For example: What deters or en-
gages faculty in assessment? What are extrinsic and intrinsic moti-
vators for faculty to engage in assessment? How does assessment fit
into the value system of the institution? What are the implications
of using assessment to impact or inform change? and What are ef-
fective models for building communities of diverse researchers for
developing effective assessment? Ultimately, we need to understand
the body of knowledge needed by engineering educators to develop,
apply, and evaluate assessment methods and tools as well as define
the training necessary to accomplish this goal.

II1. A CALL TO THE NATION

Our understanding of how to educate an engineer is becoming
more challenging and sophisticated. Our goal for developing the
five research areas has been to build from our collective knowledge
to provide synergy and a roadmap for organizing our efforts for edu-
cating engineers for the dynamic world of engineering practice.
Therefore, we call for collaboration between academia, industry,
and government to provide the necessary leadership that will help
this initiative become a reality. Our nation needs to make the criti-
cal research investments that will transform today’s educational sys-
tem into the preeminent paradigm for engineering education and
ensure that the U.S. maintains its leadership role in addressing the
global challenges of the future.
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