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I. INTRODUCTION
 The Engineer of 2020 reports that “by 2020, 
we aspire to educating engineers who will as-
sume leadership positions from which they can 
serve as positive influences in the making of 
public policy and in the administration of gov-
ernment and industry” [1, p. 50, NAE]. In addi-
tion, the National Association of Colleges and 
Employers (NACE) 2007 Job Outlook reports 
that employers are looking for candidates who 
have in-class and out-of-class leadership ex-
perience [2]. Despite these recommendations, 
Vandeveer [3] found that many undergradu-
ate students within engineering departments 
do not receive the leadership or management 
skills that are needed for them to succeed as 
leaders within future engineering positions. If 
the engineering profession is to define its own 
future, it must take a leadership role in creating 
broad-based technology leaders who can work 
in technical endeavors and can understand and 
apply the principles of leadership and practice in 
industry, government, education and nonprofit 
organizations. In addition, these engineers must 
acknowledge the significance of public service 
and accept the challenge of bridging public poli-
cy and technology beyond the past connections 
[1].  
 As engineering becomes more intertwined 
in all aspects of life including business competi-
tiveness, military strength, health, and standard 
of living, there also needs to be a convergence 
between public policy and engineering [1]. Engi-
neers must be able to develop the infrastructure 
to support policy decisions with respect to the 
environment, energy, health care, education or 
national defense. In addition, via connections 
to public policy through professional societies, 
think tanks, or political arenas, engineers must 
leverage available resources, human and social 
infrastructures. Assuming leadership positions 
to make positive influences on public policy 
and in the administration of government and 
industry, future engineers will be expected to 
determine how technology will be used based 
upon government processes that control, regu-
late and encourage the use of technology. In 
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addition to demonstrating leadership principles 
and understanding policy, engineers also must 
have dynamism, agility, resilience and flexibility 
to adapt to the ever-changing world and tech-
nologies. It will be the engineer’s ability to learn 
new things quickly and to apply knowledge to 
new problems and contexts that will influence how 
others within the world receive innovations [1]. 
 In response to the growing importance of 
leadership, policy, and change in the lives of 
future engineers, engineering education faculty 
within the School of Engineering Education at 
Purdue have made deliberate efforts to prepare 
their graduates for positions in local, national, 
and international governments, to help them un-
derstand how to create policy that would benefit 
engineers, and to allow them to engage in con-
versations about change via the development 
of a graduate-level course, “Leadership, Policy, 
and Change in Science, Technology, Engineer-
ing, and Mathematics (STEM) Education (ENE 
695I).” This paper provides an overview of this 
course as well as other courses and programs 
that introduce STEM, primarily engineering, 
students to leadership, policy, and/or change 
topics.  It also presents a justification for the 
creation of this course along with the lessons 
learned by course instructors.  Finally, conclu-
sions and future work are presented based 
upon the lessons learned.
 
II. LITERATURE REVIEW
 Although many general leadership or policy 
programs reside primarily within Colleges of 
Education or dwell as independent centers that 
provide access to students across multiple dis-
ciplines, a few undergraduate engineering or 
technology departments offer either a minor 
or degrees in an area related to leadership. 
Administered by the Department of Electri-
cal Engineering at Pennsylvania University, a 
Leadership Minor offers students opportunities 
to engage in entrepreneurial-related topics [4]. 
Within Purdue University’s College of Technol-
ogy, students can obtain a degree in Organiza-
tional Leadership and Supervision or obtain a 
certificate in International Leadership [5]. The 
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University of Central Florida offers an Engineer-
ing Leadership and Management minor within 
its Industrial Engineering and Management 
Systems Department [6], and the University of 
Maryland offers a minor in engineering Leader-
ship and Development within its College of En-
gineering [7]. 
 There are also several graduate programs 
that focus upon leadership and policy, particu-
larly within engineering. Many of the courses 
in these programs require students to obtain a 
bachelors or a master’s degree in engineering 
or a related field before being admitted to the 
program. Two such graduate leadership pro-

grams include the Gordon Engineering Lead-
ership Program at Northeastern University [8] 
and Purdue University’s Master’s specialization 
in Engineering Management and Leadership 
[9]. Northeastern University’s one-year gradu-
ate program has a mission of “building a future 
corps of engineering leadership professionals,” 
or Gordon Fellows, who are sponsored by ei-
ther industry or through the National Science 
Foundation-funded Bernard M. Gordon Center 
for Subsurface Sensing and Imaging Systems, 
and Purdue University’s program is a distance 
education program that allows professional en-
gineers to supplement their Masters of Science 
degrees in Engineering. 

Table 1- North American Graduate Engineering and Public Policy Programs [10]
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 The American Association for the Advance-
ment of Science (AAAS) lists four North Ameri-
can universities that house Engineering and 
Public Policy graduate programs- Carnegie 
Mellon University; the University of Maryland, 
College Park; the Massachusetts Institute of 
Technology; and McMaster University [10]. A 
summary of the programs, their degree offer-
ings, and degree concentrations are located in 
Table 1. 

III. THE COURSE
 In response to the aforementioned policy 
recommendations as well as studies highlight-
ing the importance of students’ understanding 
leadership, policy, and change before they enter 
the STEM workforce, a graduate-level course, 
ENE 695I was developed.  This course was 
comprised of three distinct units (leadership, 
policy, and change) and was created to focus 
upon student exploration of these topics.  It was 
introduced at Purdue in fall 2007 and brought 
together the expertise of education and engi-
neering instructors. The instructors met weekly 
to discuss the content, in-class activities, and 
assignments and planned what content would 
be presented by which faculty member prior 
to the course meeting. Since the course was 
team-taught, all faculty attended each weekly 
session and engaged interactively in the course 
throughout the semester.  
 Similar to the courses and programs de-
scribed in the previous section, ENE 695I (1)
included the application of leadership prin-
ciples within academia and industry; (2) intro-
duced leadership, policy, and change topics 
to students pursuing degrees in engineering, 
science, technology, mathematics, and educa-
tion, and (3) made connections between course 
topics and students’ disciplinary interests. ENE 
695I, however, differs from the program in Table 
1 since it provides an alternative for students 
who do not want to pursue a graduate degree 
in engineering and public policy. As one of six 
core classes required by engineering education 
Ph.D. students within Purdue’s School of Engi-
neering Education, ENE 695I allows students to 
apply leadership, policy, and change principles 
as they relate to areas such as design, cogni-
tion, pedagogy, and assessment. Because of its 
focus upon the application of STEM principles, 
students outside of the School of Engineering 
Education were recruited into the class, result-
ing in an initial course comprised of fourteen 
students- six engineering education doctoral 
students, one science education student, one 
industrial technology doctoral student, one en-

gineering Master’s student, and five engineer-
ing doctoral students. 

A.  Content Overview, Grading Policy, and  
 Recruitment
 The first and only course of its kind at 
Purdue’s College of Engineering, ENE 695I is 
framed around a historical and current perspec-
tive of STEM policy across various educational 
domains (e.g., secondary and postsecondary), 
political organizations (state and national gov-
ernments), and types of professions (e.g., stu-
dents, teachers, and policymakers) The course 
included lectures, experiential exercises, dis-
cussion, group presentations, videos, individual 
assignments, and team assignments. As a re-
sult of taking this course, participants were ex-
pected to do the following:

•	 Understand the theory, research, and  
 practice of leadership and policy,
•	 Develop new ways to think about the lead- 
 ership process, policy implementation,  
 and change,
•	 Explore factors that contribute to effective  
 and ineffective leadership within STEM or- 
 ganizations,
•	 Explore and understand the political and  
 policy dimensions of leadership via theo- 
 retical approaches to political and policy  
 analysis,
•	 Investigate the roles of STEM policy at lo- 
 cal, state, national, and international lev- 
 els,
•	Develop skills in analyzing policy alterna- 
 tives and selecting “solutions” within the  
 STEM education domain, and 
•	Explore negotiation strategies and ways  
 to implement change within STEM envi- 
 ronments

 Over the course of the semester, students 
were introduced to three units related to lead-
ership, policy, and change. Table 2 details the 
weekly schedule of the course and the order 
of the unit presentations. Each of these units is 
described in greater detail in the next portion 
of the paper. Course activities and assignments 
and the respective weights were: in class partic-
ipation (7.5%), seminar attendance/ five-minute 
in-class presentation (2.5%), current event as-
signments (5%), leadership paper (15%), group 
policy exploration (20%) and preparation docu-
mentation (5%), change deliverable (15%), and 
a synthesis paper and presentation (30%).
 In order to not only target engineering stu-
dents, instructors disseminated information 
about the course across campus. As a result, 
master’s and doctoral students from the Col-
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leges of Engineering, Technology and Educa-
tion enrolled in the course, thereby allowing 
students to engage in conversations related to 
industry as well as academia.  Additionally, stu-
dents were encouraged to work with students 
from other majors in order to experience diverse 
perspectives regarding the related topics. 

B. Leadership Unit
 Given the lack of empirical leadership studies 
explored solely within the context of engineer-
ing (and particularly STEM education), course 
instructors used both education and business 
references [11-14] to introduce students to his-
torical and modern definitions of leadership, to 
leadership frameworks and leadership styles 
(e.g., transformational leadership, transactional 
leadership, and “Level 5” leadership), and to 
case studies of leadership and their applica-
tions to STEM topics. Students were asked 
to synthesize materials each week to gain a 
comprehensive view of leadership, especially 
related to STEM disciplines. Using interactive 
activities that allowed students to classify the 
leadership and management styles at different 
levels (e.g., local and national), within different 
contexts (e.g., universities, departments, and 
governmental agencies), across disciplines, 
and at different points in history, instructors 
stretched students’ views of leaderships and 
asked questions such as, “Are leaders born or 
made?,” “Can a person be both a leader and a 
manager?,” and “Is it better to be a leader or a 
manager?” Using cases of different national and 
international leaders [15], course instructors 
asked students to write an eight-page paper 
applying all leadership readings within a higher 
education case study. In addition, students were 
asked to reflect upon their personal leadership 
styles relative to this case.   

C. Policy Unit
 In response to national and international calls 
for STEM policy changes [1, 16, 17], instructors 
introduced students to an examination of poli-
cies that affect formal and informal educational 
constituents within preschool-12 (P-12) STEM 
education and higher education; the impact of 
policies upon diverse stakeholders; and the im-
plementation and analysis of policy. Among the 
readings assigned to students included NAE’s 
Engineer of 2020 and Building Engineering and 
Science Talent’s The Quiet Crisis [16, 17]. In 
addition, students engaged in interactive policy 
activities during class. Using constructive con-
troversy, a process by which students engage 
in iterative discussions about pros and cons of 
an issue and reach a reasoned judgment about 
final perspectives related to a topic [18], stu-
dents analyzed a policy suggestion, discussed 
the positive and negative aspects of each sug-
gestion during class, and identified stakehold-
ers affected by each policy within the Engineer 
of 2020’s Prospectus. Three of the NAE topics 
used within the constructive controversy ses-
sion included the following [19]: 

•	 The globalization of economic systems 
and the interconnectedness of its compo-
nent parts

•	 Growing concerns about the social and 
political implications of rapid technologi-
cal advances and their uneven application 
among different constituent groups (e.g., 
the digital divide, medical ethics, etc.) 

•	 The increasing number of engineers work-
ing in nontraditional areas that require 
technological competence and/or fluency 
(e.g., management, finance, marketing, 
public policy, etc.)  
 

Table 2- Weekly Schedule for the Leadership, Policy, and Change Course
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D. Change Unit
 After introducing students to possible appli-
cations of leadership and management within 
STEM education and exposing them to current 
STEM policy initiatives, instructors allowed stu-
dents to explore power, politics, and influence 
in a variety of relationships and to negotiate 
agreements and difficult conversations. As-
signed readings explored change management 
[20], collective action [21], and engineering 
change [22]. As a deliverable for this portion of 
the course, students were asked to conduct a 
reflection and assessment of leadership, policy 
or change in an organization or context with 
which they were familiar using the strengths, 
weaknesses, opportunities, and threats (SWOT) 
analysis format [23]. Final topics covered a 
breadth of topics and are grouped by context in 
Table 3 below.  

E. Synthesis Projects
 Similar to the change assignment, students 
created a synthesis project within the course. 
Course instructors encouraged students to se-
lect topics of personal interest, topics that would 
inform their current research or jobs, or topics 
that would allow them to expand their horizons. 
Suggested deliverables included the creation of 
workshop materials, the synthesis of literature 
within a chosen area, or the development of a 
research proposal. Given these suggestions, 
one student completed a research proposal, 
and the remaining students provided overviews 
or syntheses of current literature. A final list of 
topics is found below. 
 

•	 “Waking the Sleeping Giant (Latinos): An  
 Approach to Examine Family Values”
•	 “American Society of Civil Engineers’  
 Body of Knowledge: Understanding the  
 Policy and Considering the Impact”

•	 “The Role and Development of Leader- 
 ship Abilities within the Engineering Proj- 
 ects in Community Service Program”
•	 “Answering the Call to Reform Engineer- 
 ing Education in the United States: The  
 Current Status and Proposed Model 
 for Change”
•	 “Knowledge Management and the Univer- 
 sity”
•	 “Institutional and Curricular Policies to  
 Improve Student Retention in STEM Edu- 
 cation”
•	 “Is Science Ready for No Child Left Be- 
 hind?”
•	 “Skills GAP Shortage in Manufacturing  
 and How Government is trying to address  
 the Problem”
•	 “Engineering K-12 Programs: An Over- 
 view”
•	 H-1B Quotas: Educating and Exporting  
 some of America’s Best Educated”

IV. LESSONS LEARNED
 Faculty teaching the course learned several 
lessons by the end of the first year. These les-
sons related to pedagogical perspectives about 
the course, preparation and development of 
course materials, and basic organization of a 
course placed within a College of Engineering. 
Using the SWOT approach, lessons learned 
representing perspectives from the three course 
instructors are presented in Table 4. 

V. DISCUSSION
 Although such a course is needed to en-
gage students pursuing technical degrees in 
leadership, policy, and change topics, ease 
of implementation of such a course may vary 
depending upon several factors. First, course 
instructors must be comfortable working with 

Table 3- Classification and List of Topics Taught in the Course
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course content within the realm of STEM dis-
ciplines. This means that education faculty who 
traditionally might teach such a course must be 
familiar with the issues facing STEM education, 
and technical faculty who might develop such a 
course must be cognizant of empirical research 
studies and theories within general leadership, 
policy, and change literature. For this reason, 
the authors recommend a teaching partnership 
between STEM and education faculty with inter-
ests in course topics. 
 In addition, instructors need to anticipate the 
apprehension that STEM students might have 
about enrolling in a reading-intensive course. 
Since STEM students enrolled in the course 
may not have ever read social science articles, 
instructors might give students a primer about 
ways to engage in course content and read 
such large volumes of material. Also, instruc-
tors might clarify their expectations for writing 
assignments early in the semester. In this way, 
the students should feel more comfortable syn-
thesizing leadership, policy, and change litera-
ture and applying such content to their respec-
tive areas. 
 Finally, the course described in this paper 
is a core course that could provide the founda-
tion for graduate-level and undergraduate con-
centrations in leadership, policy, and change 
within Colleges of Science, Technology, and 
Engineering. Additional courses could apply 
leadership, policy, and change principles in a 
variety of contexts (e.g., industry, government, 
and academia) and could explore certain topics 
(e.g., policy creation) in more detail. In addition, 
students might engage in leadership, policy, 
or change practicums in which they spend a 
semester applying course principles across di-
verse environments (e.g., university leadership 
and state and local governments).

Table 4- Lessons Learned from Course Instructors

VI. CONCLUSIONS
 By creating curricula that reflects the rapid 
pace of change in the world and its unpredict-
ability and by including non STEM topics within 
this curriculum, educators are increasing stu-
dents’ abilities to engage in lifelong learning 
[1].  More specifically, educators need to involve 
student-centered education with better align-
ment between engineering curricula and aca-
demic experiences [2]. The course described in 
the paper does just that by addressing national 
and international calls for exposure of STEM 
students to topics in leadership, policy, and 
change. Although three faculty began course 
development based upon their exposure and 
interests in the three major course topics, they 
incorporated students’ interests and expertise in 
the revision of course materials throughout the 
semester, thereby allowing students to engage 
in deeper conversations about the relationship 
between their technical work and national and 
international STEM issues. The authors antici-
pate that a course such as the one described 
in this paper will serve as a model for engaging 
STEM graduate students, educators, and policy 
makers in deep conversations about not only 
policies but ways that these policies impact its 
stakeholders. 
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