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An Evaluation of an Engineering
Leadership Development Program Based
on Alumni Job Placement & Career
Progression

Abstract

This is a ‘work-in-progress’ paper and is appropriate for the ‘Inform’ topic area. Leadership
development programs have become an integral part of the engineering curriculum in order to
meet the professional development needs of our graduates as well as the needs of their
employers. This paper reports preliminary results from a survey of alumni from an
undergraduate engineering leadership development program. The survey was developed to
assess the degree to which the program is meeting its goals, which include ensuring that the
program targets the skills needed in today’s workplace, as well as enhance students’ ability to
land their first job and advance in their career. Graduates of the program (n=136) were surveyed
to better understand the impact of the program on their initial career placement, subsequent
career advancement, and the development of skills needed for today’s engineering work.
Alumni were asked to rate their agreement (on a Likert-scale: Strongly Disagree, Disagree,
Neutral, Agree, Strongly Agree) with the following statements: 1) The ELD program was
instrumental in helping me get my first job. 2) The ELD program was instrumental in helping
me get one or more promotions. and 3) The ELD program helped me develop skills needed for
today’s engineering work. These survey questions were intended to assess whether the alumni
regarded their participation in the leadership development program as important in their initial
hire and subsequent career progression. In addition, the third survey item was used to assess
whether alumni believed that the program’s developmental objectives were meeting the needs of
our graduates in the workplace. Results from the alumni survey indicated that respondents felt
that the ELD program was instrumental in helping ELD minor graduates in getting their first job
(64% responded strongly agree or agree) and in getting one or more promotions (57% responded
strongly agree or agree). In addition, the survey results indicate that respondents believed that
the program helped to develop the skills needed for today’s engineering work (86% responded
strongly agree or agree). Future work will explore whether participation in the leadership
development program results in differences in salary level upon graduation compared to similar
graduates not in the leadership program. In addition, follow up work will aim at better
understanding where improvements can be made within the leadership development curriculum.

Introduction and Background

Many universities have incorporated leadership development programs into their curriculum, at
both the undergraduate and graduate level. Through a review of the 2018 U.S. News and World
Report, Reyes et al. (2019) reported that the top 50 ranked universities all offered some form of
leadership development for their students.

With recent updates to the Accreditation Board for Engineering and Technology (ABET)
criteria, criterion 3, student outcomes, now include several outcomes that are relevant to
leadership develop programs: (2) an ability to apply engineering design to produce solutions that



meet specified needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factors; (3) an ability to communicate effectively
with a range of audiences; (4) an ability to recognize ethical and professional responsibilities in
engineering situations and make informed judgments, which must consider the impact of
engineering solutions in global, economic, environmental, and societal contexts; and (5) an
ability to function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment, establish goals, plan tasks, and meet objectives (ABET,
2020). While the inclusion of leadership development programs has been common practice for
many disciplines, it has been on the increase within engineering programs, particularly over the
last decade. A necessary component of any leadership development program is the ability to
assess the effectiveness of the program and impact on students. Reyes et al. (2019) performed a
meta-analysis of leadership development program evaluation in higher education. The aim of
their analysis was to identify the design and delivery methods of leadership development
programs that are best at developing students as leaders as well as identify gaps between
management science and higher education practice, particularly when it comes to program
evaluation.

Previous meta-analyses have mostly focused on the evaluation of leadership development
programs as implemented within the workforce, examining the outcomes based on employee
performance and participant feedback (Avolio et al., 2009; Burke & Day, 1986; Collins &
Holton, 2004; Lacerenza et al., 2017; Powell & Yalcin, 2010). Reyes et al. (2019) reported that
their meta-analysis was the first attempt to examine leadership development effectiveness from
the student perspective within a university context.

Reyes et al. evaluated 73 leadership development studies, including 5654 participants in total
with 78% of the samples at the undergraduate level and 16% of samples at the graduate level.
Reyes et al. utilized Kirkpatrick’s training evaluation framework when evaluating the
effectiveness of leadership development programs. Kirkpatrick identified four primary types of
outcomes which included: trainee reactions (opinions, perceived utility); learning (level of
knowledge related to targeted KSA); transfer of training (extent of application of KSA to the
workplace); and results (organizational outcomes, e.g. financial, turnover, etc.) (Kirkpatrick,
1959). Reyes et al. report that 43.1% of studies measured skill-based outcomes; 20.8% measured
affective outcomes, 6.9% measured cognitive outcomes only, and 29.2% measured a
combination of outcomes. Reyes et al. also indicated that the following methods were used by
these leadership development programs to evaluate program outcomes: self-report methods
(80.8%); peer-ratings (1.4%); observers (5.5%), objective reports (4.1%), and 8.2% used
multiple methods (either self-report and observer ratings, self-report and objective ratings, self-
report and peer ratings, or self-report, objective, and observer ratings) (Reyes et al., 2019).

Reyes et al. report that leadership development programs in higher education are increasing
‘learning’ by 19% but the ‘transfer of learning’ lags behind, with an increase of 14%. The
authors recognize that the lack of transfer of learning to the workplace is well documented in the
training literature but also suggest that it may be a result of a lack of transfer focus within the
leadership development programs, or may be related to constraints on gathering transfer data
within the educational environment, as compared to an organization providing training to their



employees. Due to a small size, they were unable to test the effect of the leadership development
programs on ‘reactions’ and ‘result’ outcomes.

Their review indicated that most programs focus on skill-based learning (including
communicating, persuading others, setting goals, and problem solving), and suggest that future
research also evaluate cognitive and affective outcomes, as these have been shown to be
important in shaping behaviors (Kahle & Berman, 1979). Their review also indicated that most
programs used approaches to program implementation that were convenient and inexpensive and
suggest that programs should include more practice, such as reflective activities, role-play, goal
setting, and games. Given that the majority of programs used self-report assessments, Reyes et
al. also suggest that researchers consider best practices for program evaluation, in particular, to
avoid endogeneity concerns within the evaluation data. Through their meta-analysis, they
identified three dominant concerns that threaten causal inference within the examined studies: 1)
non-random assignment to treatment and control groups; 2) self-selection bias (when programs
are voluntary); and 3) the use of a single method for self-reporting. The majority (63.2%) of the
programs studied in the meta-analysis had all three issues, and the remaining programs had either
two of the issues (24.6%) or one of the issues (12.3%).

Antonakis et al. (2010) discuss these common issues within social science research, specifically
in the context of leadership research. Antonakis et al. indicate that endogeneity is a critical issue
that is present in an alarming number of studies in the literature, and that impacts our ability to
make causal inferences. In order for causal relationships to be inferred, the independent variable
must vary randomly, and must not be correlated with other causes not examined (exogeneity).
Self-selection into leadership development programs results in a non-random treatment group.
There may be other variables that impact self-selection (such as 1Q, extroversion, emotional
intelligence, etc.) that may be related to self-selection and leadership abilities. The authors
highlight the gold standard in treatment evaluation as a randomly assigned and representative
sample compared to an equivalent control group. However, they also acknowledge that this is
not possible in many instances and provide an in-depth review of the problematic issues
confronting many research studies in the leadership literature as well as recommendations on
how to design research studies to address these common issues.

They recommend several methods for inferring causality in non-experimental settings:
“Propensity score analysis: Compare individuals who were selected to treatment to statistically
similar controls using a matching algorithm; Simultaneous-equation models: Using
“instruments” (exogenous sources of variance that do not correlate with the error term) to purge
the endogenous x variable from bias.; Regression discontinuity: Select individuals to treatment
using a modelled cut-off.; Difference-in-differences models: Compare a group who received an
exogenous treatment to a similar control group over time; Heckman selection models: Predict
selection to treatment (where treatment is endogenous) and then control for unmodeled selection
to treatment in predicting y.” (Antonakis et al., 2010).

The current study, described here, evaluates a leadership development program, within a
university, but from the perspective of alumni currently working in the engineering field. An
aim of this study is to address one of the weaknesses noted in the meta-analysis by Reyes et al.
(2019), which was the need to evaluate the ‘results’ of the leadership development program.



While a common approach in program evaluation is to evaluate the program in terms of how the
program (or course) is meeting the learning objectives or outcomes of the program (or course).
In the current study, the ‘results’ of the program are evaluated in terms of the potential impact
the leadership development program had on alumni in getting their first job and on subsequent
career progression. The impact of the program is assessed in terms of the participants’ perceived
impact, rather than an empirical evaluation. The data reported here are part of a work-in-
progress, where the final goal of this study is to compare survey results from the leadership
development alumni to matched controls that were college of engineering alumni who did not
complete the leadership minor. The use of a control group is intended to partially control for
endogenous bias described above. The intention of the larger study is to collect representative
data to match leadership program alumni and college of engineering ‘control’ alumni on gender,
age range, discipline, and undergraduate GPA, in an effort to evaluate job placement, starting
salary, and career progression as a function of participation in the leadership program,
independent of these demographic variables.

Methods
Study Overview

Alumni from an undergraduate Engineering Leadership Development Minor were surveyed to
assess the impact that the program had on helping them get their first job, helping them get one
or more promotions, and in helping them to develop the skills needed for today’s engineering
work. Alumni were sent a link to a survey and offered a $10 gift certificate to Amazon and an
ELD lapel pin for their participation.

Participants

Study participants were alumni of the Engineering Leadership Development Minor (ELDM) at
Penn State University. At the time of this study (spring 2019), 798 alumni were identified from
the ELDM program. However, given the program spans the last 25 years, current contact
information was not readily available. Of the 798 alumni, when contact information was
available, it was often limited to the student’s PSU email, which becomes inactive roughly 6
months after a student graduates. Efforts to obtain current contact information were made
utilizing social media, including LinkedIn and Facebook. Social media presented several
obstacles, such as a lack of information (such as major/minor), when trying to identify
individuals with common first and last names. There was a higher success rate when using
LinkedIn, but neither rate was greater than 40%. Current contact information was obtained for
451 alumni. Of the 451alumni, 136 participated in this study, resulting in a 30.2% response rate.
Of those that responded, 67% were male and 32% were female, consistent with recent gender
composition within the ELDM, with 63% male and 37% female. Table 1 summarizes the
number and percentage of study participants by age range. Table 2 summarizes the number and
percentage of students by their undergraduate major. Electrical Engineering, Industrial and
Manufacturing Engineering, and Mechanical Engineering were the top undergraduate majors
represented by survey respondents.



Table 1: Number and percentage of participants by age range.

Age Range N % of Respondents
24-26 19 14%
27-29 32 24%
30-32 21 15%
33-35 32 24%
36-38 22 16%
39-40 5 4%
41-43 5 4%

Table 2: Number and percentage of participants by undergraduate major.

Major N %

Aerospace Engineering 9 7%
Agricultural and Biological Engineering 1 1%
Architectural Engineering 2 1%
Biomedical Engineering 3 2%
Chemical Engineering 12 9%
Civil and Environmental Engineering 12 9%
Computer Science 8 6%
Electrical Engineering 14 10%
Engineering Science and Mechanics 1 1%
Industrial and Manufacturing Engineering 23 17%
Mechanical Engineering 33 24%
Nuclear Engineering 2 1%
Other 16 12%

Engineering Leadership Development Minor (ELDM) Program Description

The Engineering Leadership Development Minor (ELDM) Program at Penn State University was
created in 1995; 25 years and running (Schuhmann et al., 2015) The ELD Minor is an 18 credit
undergraduate minor structured to allow customization based on student career goals and
interests. The minor has had some modifications over the last 25 years. The current minor
format requires two courses on Leadership Principles and Technology-Based Entrepreneurship
(3-credits each). In addition, students must choose another 6 credits from the following four
courses: Leadership in Organizations, International Leadership of Engineering and Development,
Project Management for Professionals, or an independent study which could take the form of an
international project, a coaching course, or an honors thesis). The final requirement includes an



additional 6 credits which are selected from an approved elective list. The curriculum
emphasizes the development of leadership potential within each student, a multicultural
awareness, and opportunities to exercise their skills through hands-on, leadership challenges.

Survey Instrument

An alumni survey was developed to align with the learning outcomes of the ELD minor courses
and to assess the impact of participation in the ELD minor on initial job placement, effectiveness
on the job, and career progression. The results reported here focus on three Likert scale questions
related to the impact of the minor on initial job placement, effectiveness on the job, and career
progression. The survey instrument was deployed using Qualtrics Survey Software. A link to the
survey was initially sent through Qualtrics using a panel and the automated system within
Qualtrics. However, it was immediately brought to the attention of the program director that
respondents were concerned that the email was a scam. The survey link was resent directly from
the program director to alleviate those initial concerns. Approximately two and a half weeks
after the initial distribution of the survey, a follow-up email was sent to alumni that had not yet
responded.

The current study focuses on participant responses to three statements. Respondents were asked
to indicate their level of agreement with the statements based on a Likert-scale: Strongly
Disagree, Disagree, Neutral, Agree, Strongly Agree. The three statements were:

1. The ELD program was instrumental in helping me get my first job.
2. The ELD program was instrumental in helping me get one or more promotions.
3. The ELD program helped me develop skills needed for today’s engineering work.

These survey questions were intended to assess whether the alumni regarded their participation
in the leadership development program as important in their initial hire and subsequent career
progression. In addition, the third survey item was used to assess whether alumni believed that
the program’s developmental objectives were meeting the needs of our graduates in the
workplace.

Results

Based on participants perceived influence, the results from the alumni survey (Figure 1)
indicated that the ELD program was instrumental in helping ELD minor graduates in getting
their first job (64% responded strongly agree or agree) and in getting one or more promotions
(57% responded strongly agree or agree). In addition, the survey results indicate that the
program helped to develop the skills needed for today’s engineering work (86% responded
strongly agree or agree).



Figure 1: Number of participants that responded to each element of the Likert scale Strongly
Disagree, Disagree, Neutral, Agree, Strongly Agree) for each survey statement.
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Discussion and Conclusions

To date, the program has previously reported outcomes from assessments of ‘learning’ and
‘transfer of learning’ that occurred in our gateway to minor entry course, on Leadership
Principles (Handley et al., 2017; Handley et al., 2019; Hochstedt et al., 2013; Lang et al., 2018;
and Park et al., 2019) as well as our International Leadership of Engineering and Development
course (Gordon, et al., 2014).

The results presented here reflect the program’s initial attempt to assess the impact of the
leadership development program on outcomes beyond the ‘learning’ and ‘transfer of learning’
outcomes that are most often reported in the literature. Based on self-report data, the majority of
alumni of the Engineering Leadership Development minor report that participation in the minor
helped them get their first job, and to a slightly lessor extent, one or more subsequent
promotions. Alumni overwhelmingly reported that the ELD minor helped them develop skills
needed for today’s engineering work. These preliminary results are encouraging but do not tell
the whole story. As described above, self-selection into the leadership development program can
bias results.

Additionally, we have not yet examined the survey results with regard to the number of years
since graduation or the positions held within an organization. The overall age range spanned
from 24 to 43 years of age, with a corresponding large range of years since graduation from the
program. It is also possible that respondents with experience in leadership positions within an



organization will rate the impact of the program differently than respondents that have not held
leadership positions.

Study Limitations and Future Directions

As mentioned previously, a limitation of this, and many leadership development program
assessments, is the self-selection bias that is unavoidable with ‘voluntary’ participation, such as
is the case with the decision to complete an undergraduate Engineering Leadership Development
minor. Another limitation of this study is that this is the first survey of alumni that graduated
over a period of 20 years. Recalling how the program impacted the first job or initial promotions
may be more difficult for alumni that graduated 5-15 years ago compared to more recent
graduates. Long term goals of the program are to conduct pre and post learning outcome
assessments of program participants as they enter the minor and upon graduation as well as
periodic (every 3-5 years) longitudinal assessments of alumni to track the perceived impact of
the program on career progression on an ongoing basis. It is anticipated that the learning
outcomes assessments will be used in combination with the longitudinal alumni assessments.

Future work will also explore whether participation in the leadership development program
results in differences in salary level, job placement, career progression, and leadership
responsibilities as compared similar graduates not in the leadership program. In addition, follow
up work will aim at better understanding where improvements can be made within the leadership
development curriculum.
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