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Abstract
Despite considerable gains made towards increasing students’ interest in STEM education, one
specific population, Veterans in engineering, suffers from disproportionally high attrition. Social
responsibility is a motivating factor for becoming an engineer and has been identified as a
successful intervention strategy to improve retention of first-year engineering students. Social
responsibility is also a core value instilled by all branches of the U.S. military while actively
serving. Therefore, the objective of this research study was to examine Veterans’ perceptions of
social responsibility related to engineering. For this study, a survey instrument was designed,
piloted, revised, and launched for instrument validation and exploratory examination of the
relationship between social responsibility and Veteran students’ core beliefs. Results of this
study showed that both Veteran and first-year non-Veteran engineering students strongly value
the tenants of social responsibility. The results of this study indicate the potential for curriculum
and policy changes to increase Veteran retention in engineering programs.
Introduction
The National Science Foundation [1] indicated that approximately 6.1% of students in the US
select engineering as a field of study. An important aspect for engineering programs across the
country is to retain these students. In 2007 it was found that the retention rate continues to
steadily increase from 70 years ago from 28% to 56% in 2007 [2]. This increase in retention is
likely due to advances in knowledge and practices within engineering education. However, this
increase in retention has not extended equally to historically underrepresented populations.
While many students that enter an engineering program can be described as underrepresented
(e.g., women, African American, and Hispanic), research is still needed that focuses specifically
on Veteran students.
A review of previous literature focusing on Veteran student retention indicated these students
find it difficult to connect with their oftentimes younger peers [3], [4]. Additionally, Radford [5]
defined a Veteran’s military service as an identifiable difference from traditional students who
are under the age of 24 and fiscally dependent on their parents. Therefore, most of the literature
that focused on engineering student retention is potentially not applicable to Veteran students.
Furthermore, Veteran students entering higher education have been found to view the college
experience as a means of forming identity self-perceptions [6]. This idea of social isolation
coupled with the traditional “survival of the fittest” model present in many engineering programs
may fail to provide a learning environment in which students in general, including Veteran
students, feel sufficiently motivated to remain in an engineering program [7]. This is further
emphasized by the fact that, at the authors’ institution, attrition is disproportionately high in
Veteran engineering students as compared to their peers [8].
A preliminary analysis of Veteran retention in the college of engineering program was conducted
in the fall semester of 2015 at Kansas State University (K-State), a four-year land grant
institution [8]. Retention in this context is defined as a student successfully graduating from the
college of engineering regardless of the time required to complete the program. Data extracted

included students who self-identified as a Veteran when they entered the college of engineering.
As shown in Fig. 1, colors and gender symbols indicate the percentage of students who
graduated, were in progress with their engineering degree, changed majors, and students who
were dismissed or discontinued enrollment. The analysis showed that approximately 8.9% of
Veterans graduated from the college of engineering while over 50% were dismissed or
discontinued enrollment. Additionally, approximately 34% of the discontinued/dismissed
students left after their first semester and another 31% left after their first year. These results
indicate the importance of the students’ first year and whether they continue not only in their
engineering major, but in the college of engineering. The preliminary study concluded that the
rate of attrition at K-State was approximately twice that of non-Veteran engineering students
during the time period. This is considerably lower than graduation rates of non-traditional
students nationwide, which are 64% for full-time non-traditional transfer students and 58% for
full-time non-traditional students entering college for the first time. In fact, non-traditional
students tend to have a higher graduation rate compared to traditional students, whose graduation
rates for full-time students are 59% and 49% for transfer and first time in college, respectively
[9].

Graduated Engr (8.9%)

In progress Engr (28.9%)

Changed majors (12.5%)

Discontinued/Dismissed (50.6%)

Fig. 1. Matriculation of Veteran students who entered the K-State College of Engineering from
2008-2015
This research seeks to address the discrepancy in retention between Veteran and non-Veteran
students in engineering. Specifically, this research examined the perceptions of social
responsibility in Veteran and non-Veteran students to determine if these perceptions could be

used to enhance Veteran retention in engineering. Social responsibility is embodied in the
Engineer’s Creed and is directly related to engineering ethics [10], so much so that the
engineering accrediting agency ABET requires that graduates can approach their work in a
socially responsible manner [11]. The principles of social responsibility are what attract many
students to engineering, specifically those from underrepresented groups [12]. Matusovich et al.
[13] and Mehaffy [14] identified the need to incorporate students’ personal values, such as social
responsibility, into the engineering curriculum to allow them to personally connect with their
engineering identity and thereby increase retention. The principles of social responsibility (e.g.,
to consider the needs of society above themselves in their work) are also widely stressed in the
military. Strong convictions in social responsibility have been shown to increase retention in
engineering students [15] – [17] but there has been limited research linking social responsibility
and Veteran students’ retention. Thus, the primary objective of this research was to address this
limitation by empirically examining the core values common to both first-year non-veteran and
Veteran engineering students
A survey that was continuously refined based on input from an external advisory board of
experts and focus groups with Veteran and non-Veteran first-year engineering students was used
in this multi-stage study. The present research focuses on incorporating data from multiple
sources at multiple time points with the goal of designing a survey instrument that allows a
comprehensive and psychometrically sound examination of Veteran and non-Veteran first-year
students’ perceptions of social responsibility. Information regarding data collection and survey
refinement are described herein, along with results, conclusions, and future work.
Theoretical framework – social responsibility
The research team used The Professional Social Responsibility Development Model (PSRDM)
[18] as the framework for the study survey instrument. The PSRDM, instead of offering a novel
conceptualization of social responsibility, integrates various existing models of social
responsibility development into a more cohesive and complete model. Specifically, this allows
for a model that treats social responsibility development as a continuum rather than a static state.
The PSRDM is comprised of three realms of social responsibility: Personal Social Awareness,
Professional Development, and Professional Connectedness as summarized in Table 1. The
Personal Social Awareness realm focuses on an individual’s duty to act selflessly for the good of
others, or society as a whole. The Professional Development realm focuses on an individual’s
recognition and motivation to increase one’s skills and capacities in order to apply these for the
good of others. The Professional Connectedness realm describes how one’s moral obligation to
help others exists as a part of one’s professional identity, in this case as a Veteran or an engineer,
and how engagement in services to others strengthens this obligation. Column four in Table 1
lists the number of items representing each dimension of social responsibility used in this study.
The number of items representing each realm is the sum of the items used to represent each of
the dimensions comprising it.

Table 1: Dimensions of the PSRDM reproduced from [18]
Realm

Dimension
Awareness

Definition

An awareness that others are in need.
Personal
A recognition that one has the ability to help
Ability
social
others.
awareness
A felling of moral obligation, responsibility, or
Connectedness
social requirement to help others.
With an expectation that all engineers value the
technical skills, this dimension focuses on views
of professional skills (e.g., communication,
Base skills
lifelong learning, teamwork, management,
ethics, or professional responsibility) and the
role that they play for a professional engineer.
Professional
A recognition that engineers or the engineering
development
Professional
profession has the ability to help others and/or
ability
solve social issues.
A recognition of the importance of including
social aspects in the engineering process,
Analyze
including community feedback, and a broad
sense of stakeholders.
Addresses issues of responsibility or obligation
Professional
that an engineer or the engineering profession
connectedness may have to help solve social problems or help
Professional
others through their professional capacity.
connectedness
Discussion of the costs and benefits associated
Costs-benefits with engaging in socially responsible behavior,
such as service.

Number of
Items Used
in this Study
2
2
2

16

3

4

4

0

Study design and process
The research was executed in three phases: instrument design (Phase I), validation (Phase II),
and full survey launch and data analysis stage (Phase III). Phases I and II focused on tailoring the
research instrument to be appropriate for both the research objectives and populations of interest.
Phase III focused on answering the research question and laying the groundwork for future
research. The phases for this research project are described herein.
Pilot phase I: Survey development
A survey to identify social responsibility based on the PSRDM was developed using the Dillman
Tailored Design method [19], specifically geared towards Veteran students. A formerly validated
survey, the Engineering Professional Responsibility Assessment (EPRA) [18], was selected as
the initial survey. This survey was selected because it targets students in their first year, an
extremely important period concerning Veteran student retention. The EPRA is a 65-item
measure of social responsibility that conceptualizes social responsibility into eight distinct but

related constructs (see Table 1). The EPRA contains Likert-type items that range from 1
(Strongly Disagree) to 7 (Strongly Agree) which was shortened to 1-5 Likert scale for this study.
Examples of items from the EPRA include, “It is important to me personally to have a career that
involves helping people”, and “I feel an obligation to contribute to society.” In Phase I, questions
that did not fit the project research objectives were removed. Other questions were removed to
reduce redundancy and questions involving the “Costs-Benefits” dimension were removed as
these were less relevant to the research question. Specifically, the Cost-Benefit dimension
focused on an individual’s willingness to sacrifice financial gain in order to help society. This
monetary aspect of the EPRA was outside of the scope of the current research question and as
such the authors decided to not include these items in the survey. This decision was later
supported by an advisory board (described below) agreeing that these items were beyond the
scope of the research question and that the survey should be as concise as possible. Military
specific demographic questions such as years of military service and military branch were added.
Four new questions specifically linking social responsibility and military service were also
added. These four questions were: 1. “I cannot see the connection between my service in the
military and the profession of engineering”; 2. “The profession of engineering provides a
pathway for continuing my wanting to serve, be it communities locally, nationally, and
globally”; 3. “I am pursuing a degree in engineering because it is a profession similar to what I
have done in the military”; and 4. “I enrolled in the engineering program because I have the
opportunity to help people”. The survey was identical for both Veterans and first-year students
except that only the Veterans received the military-specific questions.
An external advisory board was also created to review the survey instrument prior to piloting.
The external advisory board was comprised of seven Veterans at the university, including
university administrators, engineering faculty, a graduate student, and an undergraduate student.
The advisory board covers a range of demographics, military ranks, and academic and
professional connections with engineering. The advisory board reviewed the modified pilot
survey individually and then met as a group for further discussions to ensure the questions were
phrased in a meaningful way. The pilot survey was modified again based on the input from the
advisory board including rephrasing some items for clarity as well as shortening the total number
of items from 65 to 24. Removal of questions was based on perceived redundancy.
Pilot phase II: Small scale piloting and survey refinement
The pilot survey was sent to students randomly selected from two lists of Veteran and nonVeteran engineering students at a four-year land-grant institution. Pilot data were collected from
11 Veteran and 16 non-Veteran first-year students. It should be noted that a sample of this size
would not be adequate to make any confident conclusions regarding the primary research
questions address in Phase III. As such, inferential statistics were not performed on this sample.
However, a small pilot sample such as this one provided valuable insights into the
appropriateness of the assessment instrument and allowed them to make changes before the data
collection proper occurred. This was further supported by qualitative feedback solicited during
the focus groups sessions. The participants of the pilot survey were given the opportunity to
volunteer to participate in follow-up focus groups by providing their email address. After
piloting the survey, focus groups with students (five Veteran, one non-Veteran) who volunteered
in the pilot survey were conducted to solicit survey feedback. These participants were asked to

provide their opinions on the appropriateness of the questions, both in terms of wording as well
as content. An example modification made from this information was the removal of the term
“MOS” (military occupational specialty) from a question asking about previous military
assignments. The term “MOS” is army-specific and was offensive to Veterans from other
branches of the military. Additionally, the Veteran students strongly warned against asking for
specific service details, especially involving combat, as doing so could act as a trigger for some
Veterans. All students received monetary compensation for their time for both the pilot survey
and focus group participation.
Phase III: Full launch and data analysis
The revised survey was launched to all Veteran students and first-year engineering students in
Fall 2018 and analyzed. The fall semester was selected for survey deployment based on the
preliminary analyses of Veteran retention (recall that 65% of Veteran students left the
engineering program by the end of their first year). The survey invitations were sent to all selfidentified Veteran engineering students and all non-Veteran first-year students. The choice to
invite all self-identified Veteran students regardless of degree progression was due to the small
Veteran population currently in the college of engineering. First-year non-Veteran students were
also invited to provide the sample size needed for survey validation and for comparison to the
Veteran students. Veteran students who participated in this phase of the study were compensated
with a $20 gift card. Non-Veteran first-year students were compensated with $5 in university
credit that they could spend on food or supplies on campus. The choice to compensate the
Veteran students more than the non-Veteran first-year students was to account for the much
smaller Veteran student population size compared to non-Veteran first years.
Ultimately, 22 (approximately 52%) Veteran students and 412 (approximately 45%) non-Veteran
first-year students completed the survey. Results of the survey found that 74% of respondents
identified as male, 23% as female, 1% as other, and 1% no response. As expected, Veteran
students (M = 27.81, SD = 5.37) were significantly older on average than were first-year students
(M = 18.37, SD = 0.97), t(423) = 28.07, p < .001, where M = mean, SD = standard deviation,
t(###) = the independent sample t-test statistic with degrees of freedom in parentheses, p =
probability of committing a type-1 error where a value below .05 is considered statistically
significant. This was expected as Veteran students enter higher education on average
considerably later than do non-Veteran students and because only first-year non-Veteran students
were sampled for this study. Table 2 displays the distribution of demographic variables for
Veterans and first-years. Table 3 shows Veteran specific questions regarding their military
service. Note that “Missing” indicates that the student did not respond to the question. Students
were free to skip any question without penalty.

Table 2: Distribution of demographics for Veteran and first-year students
Categories
Veterans First-years
Female
2
99
Male
19
304
Gender
Other
0
4
Missing
1
5
Architectural Engineering and
3
29
Construction Science
Biological and Agricultural Engineering
2
10
Chemical Engineering
0
35
Civil Engineering
0
19
Computer Science
8
64
Major
Electrical and Computer Engineering
3
51
Industrial and Manufacturing Systems
1
21
Engineering
Mechanical and Nuclear Engineering
4
109
Undecided at this Time
0
39
Open-option
1
30
Missing
0
5
Asian
1
37
Black or African American
0
15
Hispanic or Latino
3
37
Indigenous Peoples
0
8
Race and
Ethnicity
Native Hawaiian or Pacific Islander
0
6
White
20
351
Other
1
11
Prefer not to answer
1
10
Full-time
1
6
Part-time
7
95
Employment
Unemployed
14
306
Missing
0
5
Currently married or engaged
9
9
Marital Status Not currently married or engaged
12
398
Missing
1
5
Is a parent
3
2
Parental
Is not a parent
18
405
Status
Missing
1
5
Yes
5
216
Family
Members in No
17
191
Engineering Missing
0
5
Yes
9
128
Work
Experience in No
13
289
Engineering Missing
0
5

Total
101
323
4
6
32
12
35
19
72
54
22
113
39
31
5
38
15
40
8
6
371
12
11
7
102
320
5
18
410
6
5
423
6
221
208
5
137
302
5

Table 3: Veteran student military service attributes
Categories
Veterans
Less than five years
13
Time Served in
Five to ten years
8
Active Duty
More than ten years
1
Less than five years
11
Time Served in
Five to ten years
3
Reserves
Did not serve in
8
Reserves
Was deployed.
15
Deployment Status
Was not deployed
7
Air Force
4
Army
10
Military Branch
Marines
4
Navy
2
Missing
2
These data were then analyzed to assess the psychometric properties of the survey and to
compare levels of social responsibility between Veteran and first-year engineering students. To
accomplish this, the average levels of social responsibility were compared between Veteran and
first-year students using an independent samples t-test. Additionally, a series of correlation
analyses were performed to investigate the effects of different predictors (e.g., demographics) on
social responsibility and whether these effects varied as a function of military service. To further
investigate how Veterans and first-year students perceive social responsibility beyond average
social responsibility levels, a series of confirmatory factor analyses were preformed to attempt to
replicate the factor structure of social responsibility found in previous research.
Results and Discussion
The modified EPRA demonstrated good psychometric properties (e.g., internal consistency). For
the items (i.e., survey questions) that all participants answered, Cronbach’s α = .87, above the .80
threshold typically considered to represent good internal consistency [20]. Additionally, the
average social responsibility score across all participants was 4.00 (SD = 0.35). This indicated
high levels of social responsibility across all engineering students. The data also replicated the
factor structure found in previous research [16]. This was demonstrated by testing the goodness
of fit of three different confirmatory factor models: a null, single-factor model; a three-factor
superordinate model; and a subordinate seven-factor model. The three-factor model corresponds
to the “Realms” in Table 1 while seven-factor model corresponds to the “Dimensions” in Table
1, with the exception of the “Costs-Benefits” dimension. Both the three- and seven-factor models
fit better than the single-factor model as shown in Table 4.

Table 4: Goodness of Fit Statistics for the social responsibility Factor Analyses.
Model
CFI
TLI
RMSEA
AIC
Single-Factor
.54
.51
.09
32,230
Three-Factor
.64
.62
.08
31,820
Seven-Factor
.80
.77
.06
31,254
Note: CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root Mean Square
Error of Approximation; AIC = Akaike Information Criterion.
Unlike other common statistical tests, factor analytic techniques do not normally use traditional
significance testing to compare model fit. Rather, model fit is compared by examining a number
of parameters, each with various strengths and weaknesses. Higher CFI and TLI values are
preferred, with values above .80 suggesting a generally good model fit. Lower RMSEA values
are preferred, with values lower than .08 suggesting adequate model fit and below .06 suggesting
good model fit. The AIC is scale-invariant, meaning the absolute values are not important.
Rather, the model with the lowest relative AIC value is the most supported. Generally, a
difference of 10 AIC units is considered strong evidence in favor of the model with the lower
AIC. Comparing the three-factor and seven-factor models in Table 4, the seven-factor model’s
AIC is 565.19 lower than the three-factor model’s, indicating that the fit of the seven-factor
model is superior to that of the three-factor model. The seven-factor subordinate model, a more
precisely delineated variant of the superordinate three-factor model, provided the best fit of the
three models based on all of the model fit criteria discussed above. This suggests that the
increased model complexity provides additional, meaningful information above and beyond the
simpler three-factor model.
In terms of demographic variables, gender was the only variable shown to affect social
responsibility in this sample, with females (M = 4.09, SD = 0.38) scoring slightly higher on
social responsibility than males (M = 3.96, SD = 0.41), t(422) = 2.54, p = .011. Participants who
did not identify as either male or female were not included in this analysis. Other demographic
variables such as Veteran status, parental education, having a family member who is an engineer,
engineering major, and being previously employed as an engineer had no effect on social
responsibility (p > .05) and thus hierarchical regression models were not analyzed to probe these
relationships further. The fact that social responsibility did not differ by major is somewhat
inconsistent with other research, though this may be an artifact of including ten different student
engineering groups (i.e., majors) in the one-way analysis of variance (see Table 2 for a list of
majors included in the analysis). Due to insufficient amounts of data, it was not possible to
compare the effects of these demographic variables across Veteran and non-Veteran students
though this would be useful to examine in future work with a larger sample size.
Based on these data, there was no overall difference between the average social responsibility
scores of Veteran (M = 3.83, SD = 0.41) and non-Veteran first-year (M = 3.99, SD = 0.41)
engineering students, t(432) = 1.76, p = .079. To examine this more closely, the social
responsibility of Veteran and non-Veteran students was compared across the seven dimensions
of social responsibility. The only dimension on which Veteran and non-Veteran students
significantly differed was Ability (i.e., recognition that one has the ability to help others) with
Veterans (M = 3.59, SD = 0.68) showing slightly lower scores in the Ability dimension
compared to non-Veterans (M = 3.95, SD = 0.62), t(431) = 2.65, p = .008. Because of the

relatively small number of female Veteran students (n = 2), the same analyses were run again
only with male students. The pattern of results were nearly identical, with the only significant
difference in social responsibility being in the Ability dimension with male Veteran students (M
= 3.58, SD = 0.73) showing slightly lower scores in Ability compared to male non-Veteran
students (M = 3.95, 0.61), t(321) = 2.58, p = .010 (all other ps > .05). In both of these instances,
social responsibility between Veteran and non-Veteran students differed only in one of the seven
dimensions, this difference was small, and both groups scored high on this dimension overall.
As shown in Table 5, Veteran students exhibited considerable variability when comparing their
military service and engineering and their motivation to pursue an engineering degree. For all
items, some Veterans endorsed the statement positively, some negatively, and some neutrally,
suggesting there is not a general consensus among these Veterans concerning these issues.
Table 5: Descriptive statistics of Veteran-specific questions.
Standard
Question
Mean
Min Max
dev.
I cannot see the connection between my service in the
3.32
1.32
1
5
military and the profession of engineering.*
The profession of engineering provides a pathway for
continuing my wanting to serve, be it communities
3.59
1.01
2
5
locally, nationally, and globally.
I am pursuing a degree in engineering because it is a
2.23
1.19
1
4
profession similar to what I have done in the military.
I enrolled in the engineering program because I have the
3.09
0.87
1
5
opportunity to help people.
Note: * indicates a reverse-coded item.
Limitations
One limitation of this study is the relatively small sample size of Veteran students.
Approximately 50% of the Veteran students enrolled in the college of engineering were recruited
to participate in this study, however, the unforeseeable decrease of the newly admitted Veteran
engineering students reduced the size of the population from which the sample could be drawn.
The second limitation related to the unequal representation of majors and genders, particularly
for Veteran students as shown in Table 2. As such, the degree to which the data might be
examined is limited. For example, it was believed that, relative to other majors, civil engineering
students tend to demonstrate higher social responsibility; the current data did not allow such
across-major examination as no Civil Engineering Veteran students participated. Nevertheless,
the gender and major representation in the sample was a close reflection of the gender and major
distribution of the student population in the college of engineering.
Conclusions and Future Work
Despite the considerable improvements in engineering student retention that have been made
over past decades, high rates of attrition among Veteran engineering students remain a problem.
This research sought to address this problem by filling a gap in the extant literature on the

subject; do Veteran students in engineering share the same strong social responsibility values
that previous research has demonstrated in engineering students in general? The results of this
study suggest the answer is yes, in that that social responsibility may act as a potential avenue for
interventions focused on increasing Veteran student retention. The most prominent result of this
research was that there was no overall difference between the average social responsibility scores
of Veteran and non-Veteran first-year engineering students. This indicates that, despite
qualitatively different life experiences, social responsibility is universally high among both
Veteran and non-Veteran engineering students in this sample and thus Veteran students are no
less sensitive to social responsibility than first-year engineering students. Therefore, this also
provided evidence that previous research on the motivating effect of social responsibility on
first-year engineering student retention may apply to Veteran students. Additionally, the results
of this study replicated previous research that found that women consistently show stronger
social responsibility beliefs than men, though both genders exhibited high social responsibility
overall.
The next phase of this research will be another focus group discussion with Veterans to identify
how they define social responsibility in relation to the PSRDM. Also, participants were also
asked to list the names of any instructors that incorporated social responsibility into their classes.
These faculty will be consulted to assess how and why they incorporate social responsibility into
their curriculum. The final focus group with Veterans and faculty consultations will be used to
generate additional ideas for the development of social responsibility-based interventions. It is
also important that these results be replicated in future studies. The current researchers intend to
collect additional data in the fall semester of 2019 to replicate these results. However, future
longitudinal research that tracks students’ perceptions of social responsibility over time and
retention is necessary. Such longitudinal research would assess student social responsibility
attitudes at multiple time points and would relate this to completion of their engineering degree,
providing useful information above and beyond what can be provided by a single cross-sectional
examination as was done in this study. This research could also examine the effectiveness of
interventions on Veteran and non-Veteran student retention, and test the effectiveness of
different interventions against one another while also testing if different interventions are more
effective for different cohorts (e.g., Veteran students, students in different majors, students with
different social responsibility perceptions).
Finally more research is needed to identify and test interventions that increase student retention
in engineering, specifically among underrepresented populations such as Veteran students.
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