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ARTICLE

Influences on U.S. undergraduate engineering students’ perceptions of ethics 
and social responsibility: findings from a longitudinal study
Shiloh James Howland a, Stephanie Claussenb*, Brent K. Jesiek c and Carla B. Zoltowskid

aEducational Inquiry, Measurement, and Evaluation, Brigham Young University, Provo, United States of America; bSchool of Engineering, 
San Francisco State University, San Francisco, United States of America; cSchool of Engineering Education, Purdue University, West 
Lafayette, United States of America; dSchool of Electrical and Computer Engineering, Purdue University, West Lafayette, United States of 
America

ABSTRACT
Engineering students’ views of ethics and social responsibility can be complex, multi-faceted, 
and influenced by participation in diverse experiences. To explore these influences, we sur
veyed engineering undergraduates at four U.S. universities to understand how their percep
tions of ethics and social responsibility changed over time and whether changes were related 
to participation in curricular and co-curricular experiences. Students were surveyed three times: 
during the first, fifth, and eighth semesters of their undergraduate studies. We analyse the 
responses of students (n = 226) who responded to all three surveys. We report results from five 
measures used in the survey: Fundamentals of Engineering/Situational Judgement, Ethical 
Climate Index, Justice Beliefs, Political and Social Involvement Scale, and Moral 
Disengagement. Analysis used two-way mixed ANOVA to identify changes over time on 
these measures, including whether changes were influenced by self-reported participation in 
certain experiences (internships, service-learning, ethics instruction, etc.). When we compared 
groups of students – those who did and did not participate in various experiences – we saw no 
interaction effects for most measures. We hypothesise this reflects a pattern of self-selection 
into experiences. Our findings suggest the difficulty of developing impactful ethics interven
tions, given that students arrive at university with pre-existing knowledge and perceptions 
about ethics and morality.
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According to ABET accreditation guidelines, under
graduate degree programs are expected to cultivate 
ethical and professional responsibilities among engi
neering students (ABET, Inc 2018). Yet their systema
tic review of engineering ethics interventions, Hess 
and Fore (2018) observed many engineering programs 
do not include ‘an explicit focus on students’ ethical 
development’ (p. 552). Leading stakeholders like the 
National Academy of Engineering have begun identi
fying best practices and exemplary programs as ‘a 
resource for those who seek to improve the ethical 
development of engineers at their own institutions’ 
(National Academy of Engineering 2016). While 
such efforts are encouraging, there remains limited 
evidence about how engineering students develop 
ethical and professional responsibilities through parti
cipation in various experiences and interventions 
(Hess and Fore 2018).

To better understand what U.S. students learn 
about ethics and social responsibility, and with the 
intent of identifying practices to improve engineering 
ethics education, we conducted a longitudinal study of 
engineering undergraduates enrolled in four 

U.S. universities. This research question guided our 
analysis:

How do foundational measures and understandings 
of social and ethical responsibility change during 
a four-year engineering degree program in relation 
to specific learning experiences?

We present results addressing students’ responses to 
relevant measures considering whether they partici
pated in a variety of curricular and co-curricular 
experiences (study abroad, internships, undergraduate 
research, etc.) over the course of four years.

2. Literature review

Our work is informed by several well-known and 
widely accepted theories of moral development. In 
general, the development of morality is a process that 
becomes both ‘more complex and more decentred’ as 
people age and are exposed to or participate in more 
experiences (Vozzola and Senland 2022, p. 121). These 
experiences can be informal (e.g. family and friends) 
or formal (e.g. religion or school). Colby’s et al. (1983) 
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extensive, 20-year longitudinal study showed that the 
participants they studied (n = 58 boys/men) moved 
through Kohlberg’s stages of moral development 
over time (with only 4% regressing to a lower stage 
and no participants skipping over a stage). In addition 
to age, changes in moral judgement were also related 
to the subjects’ eventual education level, intelligence 
(as measured by IQ at the initiation of the study), and 
socioeconomic status. Further, these researchers 
found that development at each stage is enhanced 
(i.e. becomes more consistent) with ‘environmental 
support’ (Colby et al. 1983, p. 102).

Other researchers have studied the impacts of var
ious environmental supports in engineering educa
tion, including curricular interventions like ethics 
courses or exposure to individual case studies. For 
example, Self and Ellison’s (1998) study of two student 
cohorts found that their moral reasoning abilities sig
nificantly improved following a course on ethical and 
social issues within engineering, as measured by the 
Defining Issues Test (DIT). In contrast, Drake et al. 
(2005) found that exposure to a brief module, or even 
a full semester ethics course, did not improve engi
neering students’ moral reasoning skills as measured 
by the Defining Issues Test-2 (DIT-2). Loui (2006) also 
used the DIT-2 to study the effects of engineering case 
studies on students’ moral reasoning. He found that 
viewing a case study, followed by class discussion, led 
to an increase in DIT-2 scores. A later study found that 
students who completed an engineering ethics course 
showed increased awareness of responsibility, and 
confidence in their decisions, when faced with two 
engineering-related case studies (Hashemian and 
Loui 2010).

Additionally, Finelli et al. (2012)’s work suggests 
that both formal curricular experiences and co- 
curricular experiences influence engineering students’ 
ethical development. Their survey of 3,914 students 
attending 18 U.S. institutions found 76% of respon
dents participated in at least one engineering-related 
co-curricular activity (e.g. engineering design compe
titions) and 68% participated in non-engineering 
related co-curricular activities (e.g. political organisa
tion). They propose such experiences could help 
develop critical thinking abilities about ethics. 
Qualitative research by Burt et al. (2013) found stu
dents who participate in co-curricular experiences 
reported having a broader perspective on ethics and 
their roles as engineers. Researchers in other fields 
have found that undergraduate students completing 
internships in accounting (Brown-Liburd and Porco  
2011), recreation management (Craig and Oja 2013), 
and education (Oja, Graham, and Andrew 2011) all 
showed increases in moral judgement as measured by 
the DIT-2 instrument.

Others have attempted to measure changes in stu
dents’ perceptions of ethics and social responsibility 

following participation in co-curricular activities. 
Johnston, Caswell, and Armitrage (2007) surveyed engi
neering students who participated in a three-week 
Engineers Without Borders (EWB) project wherein 
nearly 70% indicated improved social and environmental 
awareness. Bielefeldt and Canney’s (2016) study of 448 
engineering students over eighteen months found com
munity service activities (e.g. Engineers Without 
Borders) improved attitudes towards social responsibil
ity. Knight et al. (2016) surveyed 918 U.S. engineering 
students about learning outcomes associated with their 
involvement in co-curricular activities, finding that engi
neering professional societies, honour societies, engi
neering service activities, and undergraduate research 
were settings where students reported learning about 
societal impacts of engineering. Bielefeldt et al. (2018) 
found about one-quarter of 1,118 surveyed 
U.S. engineering students indicated learning about ethics 
and social impacts through engineering service groups or 
professional societies; these results were substantiated by 
qualitative work by Rulifson and Bielefeldt (2018). 
Polmear, Chau, and Simmons (2020) found that under
graduate participation in employment, sports, and design 
competitions was positively correlated with ethical stan
dards and outcomes (e.g. social engagement, cross- 
cultural awareness), thus highlighting the value of co- 
curricular activities in developing understanding of 
ethics and social responsibility. Outside of engineering 
education, Brandenberger and Bowman (2015) similarly 
found that participation in college experiences such as 
service-learning and study abroad led to students having 
‘higher levels of prosocial orientation’ (p. 339).

This accumulation of evidence suggests that students’ 
participation in curricular interventions and co- 
curricular activities may influence attitudes and knowl
edge about ethics and social responsibility. We sought to 
further quantify the relationship between engineering 
undergraduate students’ participation in diverse experi
ences and understanding of ethics and social 
responsibility.

3. Methods

We report quantitative data collected from 
a longitudinal, mixed-methods study of undergradu
ate engineering students at four U.S. universities. 
Surveys were administered at three time points 
(Figure 1). Students were eligible to complete the 
initial survey if they were age 18 years or older, first- 
semester undergraduates, and enrolled full-time in an 
engineering or technology major at Arizona State 
University (ASU), Brigham Young University (BYU), 
Colorado School of Mines (Mines), or Purdue 
University. The four universities represent a variety 
of institution types (public and private, varying sizes, 
geographic regions, levels of research activity, etc.).

2 S. J. HOWLAND ET AL.



3.1. Longitudinal data collection

In fall 2015, 757 students responded to the first 
survey (Zoltowski et al. 2016). These students were 
contacted again in the fall of their junior year (Fall 
2017), with 319 students completing this mid-point 
survey (Howland et al. 2018). The final survey was 
distributed in Spring 2019. Eligibility criteria for the 
final survey included completion of at least six 
semesters of study in, or graduation from, an engi
neering or technology major at one of the partici
pating universities. 284 eligible students responded 
to the final survey with 226 students responding to 
all three surveys. The responses of those 226 stu
dents are the basis for the reported results. Students 
received gift cards for completing each survey ($5 
for the first survey and $10 for subsequent surveys) 
and median completion time was 26 minutes.

3.2. Survey instrument

The survey was comprised of eight sections measur
ing various aspects of students’ perceptions of ethics 
and social responsibility. We report the changes 
over time seen on the five validated measures (a 
total of 71 items) used, in relation to the students’ 
participation in various experiences. These measures 
include a set of Fundamentals of Engineering/ 
Situational Judgement items, the Ethical Climate 
Index, Justice Beliefs, Political and Social 
Involvement Scale, and Moral Disengagement. 
These measures cover a wide range of constructs 
related to ethics and social responsibility and have 
previously published evidence of valid results. 
Overall changes on these measures are reported in 
Howland et al. (n. d.).

Our paper explores how scores on these instru
ments relate to participation in various activities. 
Students were also asked about participation in seven
teen types of experiences that could impact views of 
social and ethical responsibility. These experiences 
were selected as they represent a broad spectrum of 
activities that undergraduate students may elect to 
participate in. These experiences included:

(1) Volunteer regularly (1+ time per month for 6  
months or longer)

(2) Mission or volunteering trip (any location)
(3) Work or internship in a non-profit 

organisation
(4) Work or internship in a government 

organisation
(5) Work or internship in an engineering-related 

organisation
(6) Travel to or living in a developing country/ 

region
(7) Student government (e.g. serving on 

a university-wide undergraduate council or 
a similar representative organisation for stu
dents at their institution)

(8) Service-learning course
(9) Formal religious instruction (e.g. seminary, 

religiously-affiliated school, etc.)
(10) Formal ethics instruction (e.g. a workshop, 

course, etc.)
(11) Honours program (the honours program at 

Colorado School of Mines has an emphasis 
on ethics)

(12) Extracurricular organisation like Engineers 
Without Borders or similar (student-led chap
ter of an engineering-focused service organi
sation based at the student’s university)

(13) Engineering professional society (e.g. IEEE, 
SWE)

(14) Undergraduate research experience
(15) Fraternity or sorority
(16) Study abroad (any duration)
(17) Grand Challenges Scholars Program (a curri

cular/co-curricular program sponsored by the 
U.S’.s National Academy of Engineering 
designed to prepare students to address the 
complex challenges facing today’s society)

3.3. Measures

The Fundamentals of Engineering/Situational 
Judgement measure is comprised of eight multiple- 
choice items scored as correct or incorrect. This scale 
assesses students’ knowledge of ethics and how to 

Figure 1. Quantitative data collection overview.
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approach ethical dilemmas. Five items are similar to 
items on the Fundamentals of Engineering (FE) exam 
and three items asked students how they would 
respond to typical ethical dilemmas. These three sce
narios were adapted from a previous project and 
reviewed by multiple domain experts to establish con
tent and face validity (Jesiek, Buswell, and Zhu 2018).

The Ethical Climate Index is a 19-item measure of 
workplace ethical climate adapted to align with 
a university context (Arnaud 2010; Cronbach’s alpha 
0.907 [2015] and 0.921 [2019]). Students responded to 
items on a seven-point scale from ‘completely false’ to 
‘completely true’ with higher scores indicating students 
perceive their university climate to be more ethical.

The Justice Beliefs measure includes two subscales, 
Justice for Others and Justice for Self, each of which has 
four items measured on a seven-point scale from 
‘strongly disagree’ to ‘strongly agree’ (Lucas, Zhdanova, 
and Alexander 2011). These two subscales measure 
respondents’ beliefs about distributive justice, defined as 
‘evaluations of the fairness of outcomes, allocations, or 
distribution of resources’ (Lucas, Zhdanova, and 
Alexander 2011, p. 15) in relation to both other people 
(Justice for Others; Cronbach’s alpha 0.900 [2015] and 
0.929 [2019]) and themselves (Justice for Self; Cronbach’s 
alpha 0.885 [2015] and 0.879 [2019])).

The Political and Social Involvement Scale (PSIS) asks 
students to rate the importance of twelve social and 
political issues (e.g. ‘enhancing racial understanding’) 
on a four-point scale from ‘not important’ to ‘essential’ 
(Blaich and Wise 2011). Responses of ‘very important’ or 
‘essential’ were scored as 1 and ‘somewhat important’ and 
‘not important’ were scored as 0 (Spinosa et al. 2008).

The Moral Disengagement measure includes 
twenty-four items that measure the propensity of 
respondents to act in ways that disregard relevant 
moral considerations (Detert, Trevino, and Sweitzer  
2008; Cronbach’s alpha 0.883 [2015] and 0.889 
[2019]).). Students respond on a five-point scale 
from ‘strongly disagree’ to ‘strongly agree’ with 
a higher score indicating that a student is more accept
ing of moral disengagement.

We did not use the Defining Issues Test-2 (DIT-2), 
despite its frequent use in ethics research, due to its cost 
and length. We designed our survey to use a variety of 
complementary measures and including the DIT-2 
would have required elimination of other relevant 
measures.

3.4. Demographic information

Response rates for the three surveys are shown in 
Table 1. BYU had a higher attrition rate than the 
other three universities because many of its students 
complete a lengthy service mission (18 to 24 months 
long) while enrolled. Thus, some of the initial BYU 
respondents did not meet the eligibility criteria to 
participate in subsequent surveys. Demographic 
details are provided in Table 2 for respondents to all 
three surveys (n = 226). These 226 respondents are not 
entirely representative of U.S. students enrolled in 
undergraduate engineering programs. Nationally, 
26.3% of undergraduate engineering students are 
female; in our research, 34.3% of our respondents 
were female. White students compose 60.6% of under
graduate U.S. engineering students but 74.8% of our 
respondents were white. International students repre
sented 4.9% of our respondents but are 9.9% of under
graduate engineering students enrolled in the U.S. are 
international (Roy 2019). Of our 226 respondents, 11 
indicated they had not participated in any co- 
curricular experiences and on average, respondents 
reported participating in 5 or 6 co-curricular experi
ences (mean = 5.2, median = 5, mode = 6; Table 3).

3.5. Analysis

Students’ responses to the 71 items on the final survey 
were matched to their responses on the two previous 
surveys using each university’s approved Institutional 
Review Board (IRB) protocol. In the U.S. setting, an 
IRB is a group within a university that ensures that 
research on human subjects is conducted in an ethical 
manner. We generally only detail statistically 

Table 1. Number of responses to each survey.
University 2015 initial survey 2017 mid-point survey 2019 final survey Responded to all 3 surveys

ASU 86 32 21 16
BYU 209 44 43 33
Mines 218 129 115 96
Purdue 244 114 105 81
Total 757 319 284 226

Table 2. Demographic information for 226 students who completed all three surveys.
Student status Gender Ethnicity

University International Domestic Male Female White Non-white

ASU 1 15 12 4 6 10
BYU 1 32 27 6 29 4
Mines 0 96 64 32 76 20
Purdue 9 72 45 35 58 23
Total 11 215 149 77 169 57

4 S. J. HOWLAND ET AL.



significant results (i.e. p ≤ 0.05) though there are 
instances where a lack of change in one group (p  
> .05) may be discussed to highlight changes in 
another group.

In the analysis, student survey respondents were clas
sified into groups of participants and non-participants for 
the seventeen experiences (meaning ultimately there are 
34 groups as each experience has both participants and 
non-participants). Using independent sample t-tests, we 
determined that there was no difference in age between 
the groups of participants and non-participants for each 
of the 17 experiences. Participants were defined as stu
dents who indicated on the mid-point survey and/or final 
survey that they had participated in the experience within 
the last two years. Non-participants were defined as 
respondents who at no point (mid-point and final survey) 
indicated that they participated in these experiences. 
Because the group defined as participants included stu
dents who participated at any point during their four 
years of undergraduate studies, only scores from the 
initial and final surveys are examined here. The mid- 
point survey, then, is only used to determine if the 
respondent had or had not participated in any of these 
experiences and scores from that survey are not used in 
the analyses presented here (see Howland et al. (2018) 
and Howland et al. (n. d.) for additional information 
about those results).

The intent of the analyses was to determine if changes 
in students’ scores over time were related to participation 
in co-curricular and curricular activities. We analysed 
how participation in these activities at any point during 
their four years of college was related to their responses to 
various measures on the final survey.

In each case, participants and non-participants 
were compared using a two-way mixed ANOVA look
ing for an interaction effect of group by time, which 
detects if one group (i.e. participants) changed on 
a measure differently compared to another group (i. 

e. non-participants). When an interaction was found, 
simple main effects were analysed and reported.

Due to the small sample size, no comparisons were 
made for two experiences, student government (n = 15) 
and Grand Challenges Scholars Program (n = 5). Also, 
analyses showed that participation in study abroad was 
not associated with differences between participants and 
non-participants. We discuss the fourteen remaining 
experiences with statistically significant differences 
between participants and non-participants.

4. Results

For four of the measures (Fundamentals of 
Engineering/Situational Judgement [FESJ], Ethical 
Climate Index [ECI], Justice Beliefs, and Moral 
Disengagement), we saw an interaction effect between 
students who participated in three activities when 
comparing their scores to those of non-participants 
(Table 4). These three activities included participation 
in an honours program, service-learning course(s), or 
a fraternity/sorority. An interaction effect describes 
when groups of students (participants and non- 
participants) had different changes in a measure over 
time. For example, all students could have started with 
similar scores on the initial survey, but by the final 
survey participants scored higher than non- 
participants (or vice versa). Interaction effects were 
found only for select experiences and measures. No 
interaction effects were found on the Political and 
Social Involvement Scale for any of the 17 experi
ences – a result we discuss later.

For these analyses, means for each relevant scale 
from each survey (initial and final) are presented in 
Table 4, along with standard errors. In Table 4, the 
means for each measure at each time point are pre
sented followed by the standard errors of those means. 
These means are reported for participants (P) and 
non-participants (NP) in four experiences where this 
interaction effect was noted.

4.1. Honours program

Honours program participants, when compared to 
non-participants, had a statistically significant 

Table 3. Number of experiences in which the 226 respondents 
participated.

Number of experiences Respondents Percent

0 11 5%
1-5 113 50%
6-10 93 41%
11 or more 9 4%

Table 4. Measures with statistically significant interactions between participants and non-participants.
Mean (standard error)

FESJ ECI Justice Beliefs (subscale) Moral Disengagement

Experience Group Sample size 2015 2019 2015 2019 2015 2019 2015 2019

Honours program P 73 6.2 (0.147) 6.2 (0.176)
NP 146 5.4 (0.124) 5.9 (0.119)

Fraternity or sorority P 34 5.6 (0.249) 5.4 (0.343) 22.7* (0.501) 20.3* (0.749)
NP 185 5.6 (0.109) 6.1 (0.097) 21.2* (0.287) 20.6* (0.297)

Service-learning course P 51 48.3 (1.384) 45.6 (1.393)
NP 169 48.4 (0.747) 49.5 (0.765)

P = participants, NP = non-participants. The subscale reported for fraternity/sorority is Justice for Self.
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interaction by group and time (F(1,217) = 4.489, p =  
0.035, partial eta squared = 0.020) on the FESJ 
(Fundamentals of Engineering/Situational Justice) 
measure. Simple main effects showed that participants 
initially scored higher on the FESJ measure than non- 
participants (F(1,221) = 17.115, p < 0.001, partial eta 
squared = 0.072). However, on the final survey, parti
cipants scored similarly on the FESJ compared to non- 
participants (F(1,220) = 2.436, p = 0.120, partial eta 
squared = 0.011).

Only students who did not participate in honours 
programs had a statistically significant increase in scores 
on the FESJ measure with an average increase of 0.5 
points (F(1,145) = 13.132, p < 0.001, partial eta squared  
= 0.083)). This indicates honours students started with 
relatively higher scores on this measure but did not 
change over time, while non-honours students scored 
lower initially and increased over time (eventually rising 
to the same level as honours students).

4.2. Fraternity or sorority

For the FESJ measure, there was a statistically significant 
interaction between fraternity/sorority participants and 
non-participants (F(1,217) = 5.593, p = 0.019, partial eta 
squared = 0.025). Looking at simple main effects showed 
that initially, participants scored similarly on the FESJ 
measure than non-participants (F(1,221) = 0.079, p =  
0.779). On the final survey, participants scored lower 
on the FESJ measure than non-participants (F(1,220) =  
8.701, p = 0.004, partial eta squared = 0.038). Thus both 
groups of students scored similarly initially but non- 
participants scored higher on the final survey.

Only fraternity/sorority non-participants had 
a statistically significant increase in scores on the 
FESJ measure over time. Participants did not change 
over time (F(1,33) = 0.708, p = 0.406). Non- 
participants saw a statistically significant average 
increase of 0.5 points between the initial and final 
surveys (F(1,184) = 14.644, p < 0.001, partial eta 
squared = 0.081). This indicates that non-participants 
improved their FESJ scores while participants’ scores 
did not change over time.

There was also a statistically significant interaction 
between groups (fraternity/sorority participants com
pared to non-participants) and time on the Justice for 
Self scale (F(1,220) = 4.562, p = 0.034, partial eta 
squared = 0.020). Therefore, we analysed simple main 
effects. Fraternity/sorority participants initially scored 
higher on the Justice for Self subscale than non- 
participants (F(1,224) = 5.097, p = 0.025, partial eta 
squared = 0.022). On the final survey, fraternity/soror
ity participants did not score significantly different on 
the Justice for Self subscale than non-participants (F 
(1,220) = 0.157, p = 0.692).

Fraternity/sorority participants had a statistically 
significant average decrease of 2.4 points between the 

initial and final surveys on the Justice for Self scale (F 
(1,34) = 10.015, p = 0.003, partial eta squared = 0.228) 
while non-participants did not change over time (F 
(1,186) = 3.591, p = 0.060).

4.3. Service-learning course

For the Moral Disengagement measure, there was 
a statistically significant interaction between groups 
(service-learning participants and non-participants) 
and time (F(1,218) = 4.355, p = 0.038, partial eta 
squared = 0.020). Simple main effects showed that ser
vice-learning participants scored similarly on the 
Moral Disengagement measure than non-participants 
(F(1,224) = 0.004, p = 0.949) on the initial survey. On 
the final survey, service-learning course participants 
scored lower on the Moral Disengagement measure 
than non-participants (F(1,218) = 5.962, p = 0.015, 
partial eta squared = 0.027). This indicates that both 
groups scored similarly on the initial survey, but 
scores diverged on the final survey. This divergence 
in scores on the final survey is seen in the statistically 
significant effect of time on Moral Disengagement (F 
(1,50) = 4.004, p = 0.050, partial eta squared = 0.075). 
The change in scores over time was statistically sig
nificant for the service-learning participants (decrease 
of 2.7 points, p = 0.050) but not for the non- 
participants (increase of 0.8 points, p = 0.357). This 
finding is unusual because the Moral Disengagement 
scores, overall, were stable over time (Kim, Jesiek, and 
Howland 2021b; Howland, et al. n. d.), yet participa
tion in service-learning led to a measurable decrease in 
students’ reported willingness to morally disengage.

4.4. Experiences with consistent differences 
between participants and non-participants

However, we note there were measures and experi
ences where differences between participants and non- 
participants existed but those differences were consis
tent over time (i.e. no interaction effects). Table 5 
illustrates differences between participants and non- 
participants over time as measured by an ‘overall 
mean’ which is the mean for both time points for 
experiences with no interaction effects. This difference 
between participants and non-participants is particu
larly pronounced for the PSIS, and is further discussed 
in the Discussion section. The Justice Beliefs measure 
is not included in Table 5 as there were no differences 
between participants and non-participants, other than 
the interaction effect reported above.

4.5. Summary

Our results reflect interesting contrasts when compar
ing groups of participants and non-participants in var
ious activities over time. Performance on the 
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Fundamentals of Engineering/Situational Judgement 
measure (FESJ) among honours program participants 
did not change, as they already scored relatively high, 
but non-participants’ scores improved over time. 
Conversely, fraternity/sorority participants maintained 
their relatively lower FESJ scores, but non-participants 
improved over time. Fraternity/sorority participants 
also showed a decrease in Justice for Self subscale scores, 
while non-participants saw no changes over time. 
Finally, students who participated in service-learning 
decreased their scores on the Moral Disengagement 
measure but non-participants’ scores were unchanged 

over time. However, in all cases, the effect sizes were 
small, indicating the reported changes may be statisti
cally significant but not practically significant. We saw 
no interaction effects for the Political and Social 
Involvement Scale (PSIS) or the other ten experiences.

5. Discussion

For most of the experiences that we investigated, there 
were no interaction effects for participants and non- 
participants over time. This means that for most of the 
activities investigated where there were differences 

Table 5. Measures with statistically significant differences between groups of participants and non-participants (differences 
between groups are consistent over time).

Overall mean (standard error)

Experience Group
Sample 

size FESJ ECI MD PSIS Effect size

Volunteer regularly P 146 7.3 
(0.204)

0.072

N 75 5.9 
(0.284)

Mission work (any length) P 45 7.5 
(0.377)

0.021

N 176 6.6 
(0.190)

Non-profit work or internship P 46 7.7 
(0.371)

0.030

N 175 6.6 
(0.190)

Government work or internship P 37 70.8 
(1.635)

0.032

N 183 75.6 
(0.731)

Engineering-related organisation work or 
internship

P 159 47.7 
(0.660)

0.025

N 61 50.7 
(1.065)

Travel to or living in a developing country/region P 72 7.6 
(0.295)

0.041

N 149 6.5 
(0.205)

Service-learning course P 51 6.3 
(0.162)

7.8 
(0.350)

FESJ 0.057 
PSIS 0.042

N 170 5.6 
(0.088)

6.5 
(0.192)

Formal religious instruction P 52 77.5 
(1.386)

45.4 
(1.143)

7.9 
(0.345)

ECI 0.022 MD 0.044 PSIS 
0.053

N 169 74.0 
(0.766)

49.6 
(0.636)

6.5 
(0.191)

Formal ethics instruction P 94 7.4 
(0.259)

0.035

N 127 6.4 
(0.223)

Service-focused extracurricular engineering 
organisation

P 59 7.6 
(0.326)

0.039

N 162 6.5 
(0.197)

Engineering professional society P 93 7.2 
(0.222)

0.036

N 128 6.5 
(0.260)

Undergraduate research experience P 89 7.4 
(0.266)

0.037

N 132 6.4 
(0.218)

Fraternity or sorority P 35 70.2 
(1.675)

52.5 
(1.395)

5.7 
(0.423)

ECI 0.038 MD 0.042 PSIS 
0.042

N 186 75.7 
(0.725)

47.8 
(0.607)

7.0 
(0.183)

P = participants, N = non-participants. All results shown here were statistically significant (p < .05) for main effects between groups. Reported effect size is 
partial eta squared.
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between the participants and non-participants, these two 
groups were already different at the start of their under
graduate studies (Table 5), this difference was not linked 
to participation in a particular experience, and the differ
ence was maintained across the study’s duration. This 
was surprising, as this study aimed to specifically investi
gate experiences hypothesised to impact students’ views 
of ethics and social responsibility. We find little evidence 
that participation in such experiences altered students’ 
views in ways that differed from any changes in non- 
participants, at least according to the deployed survey 
measures. We posit three reasons for these results.

5.1. Methodological differences

Variation between our results and prior work could be 
due to methodological differences. Much of the prior 
work investigating specific experiences took place on 
the timescale of a single course or shorter (Drake et al.  
2005; Loui 2005, 2006; Clancy, Quinn, and Miller  
2005). Such research might detect short-term impacts 
but not whether such impacts persist over longer time 
periods. Other work compared impacts across student 
populations (e.g. first-years vs. seniors) rather than 
tracking individual students (Shuman et al. 2004; 
Harding et al. 2004). For example, Finelli’s et al. 
(2012) large-scale study similarly investigated stu
dents’ curricular and co-curricular experiences and 
their connection to the students’ ethical development. 
The researchers surveyed cross-sections of first-year 
through senior engineering students at 18  
U.S. institutions about the nature of their experiences. 
However, by not tracking individual students long
itudinally, such studies risk conflating the impacts of 
the interventions with other factors.

One exception can be found in the work of 
Bielefeldt and Canney’s (2016), whose longitudinal 
study explored social responsibility attitudes among 
civil, mechanical, and environmental engineering stu
dents over 1.5 years and in relation to participation in 
a variety of experiences. They found that most stu
dents (57%) did not change significantly in their social 
responsibility attitudes. The remaining participants 
were split roughly evenly between those whose scores 
increased and decreased over time (20% and 23%, 
respectively). Students whose scores increased over 
time were more likely to cite engineering courses as 
contributing to their views of social responsibility 
compared to those whose scores decreased over time 
(Bielefeldt and Canney 2016). Their research joins 
a growing body of work reporting mixed results on 
the central question of this paper.

In light of this prior work, one possible explanation 
for the lack of interaction in our study between stu
dents’ scores on the survey instruments and the major
ity of experiences in which they participated is that any 

changes in students’ views and perceptions were not 
retained in the years following their participation. 
Short-term effects may have been present, but did 
not persist. Research in the business and medical edu
cation fields has similarly shown impacts of ethical 
interventions are often short-lived (Weber 1990; 
Beagan 2003).

5.2. Self-selection

Another possible explanation for our results is that 
students self-select into the activities we investigated. 
This is exemplified by our results from the Political 
and Social Involvement Scale (PSIS, Table 5), where 
we consistently see differences on PSIS scores between 
participating and non-participating students (but no 
interaction effects). As one example, students who 
participate in service-learning courses score higher, 
across time, on the PSIS than students who do not. It 
is perhaps unsurprising that students who have high 
scores on the PSIS (i.e. students who rated volunteer
ing, improving their communities, etc. as ‘essential’ or 
‘very important’) actually participate in those experi
ences. We believe results such as this are indications of 
students self-selecting into experiences that affirm pre- 
existing attitudes and values, rather than being chan
ged by participation in these activities.

Self-selection factors have been hypothesised in 
other studies of engineering ethics and social respon
sibility. Jesiek et al. (2013) suggested that students who 
opt into global service-learning experiences may have 
stronger orientations towards political and social 
involvement (measured using the PSIS) compared to 
their peers. Similarly, James (2006) notes the potential 
for self-selection to bias research results within busi
ness ethics. The students in our study may reflect two 
types of self-selection: (a) those who elect to partici
pate in these activities may be different, prior to parti
cipation, than students who elect to not participate (as 
discussed above) and (b) the types of students who are 
willing to participate in a study about ethics may be 
different than those who chose not to participate in the 
study.

Additionally, our results show that students who 
reported participating in service-learning scored 
higher on the Fundamentals of Engineering/ 
Situational Judgement (FESJ) measure across time. 
Considering the lack of interaction, it is possible that 
students who pursued service-learning as college stu
dents had already pursued such an experience prior to 
their entrance to college, and thus had pre-existing 
knowledge tied to ethical judgement and/or already 
had an interest in political and social issues. 
Alternatively, it is possible that such pre-existing 
knowledge led them to pursue service-learning as col
lege students and to score higher on the FESJ and PSIS 
measures.
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As another example of potential evidence for self- 
selection, we can examine the data from participants 
in a fraternity/sorority. Participation in a fraternity/ 
sorority is the one activity we investigated whose par
ticipants performed consistently worse on multiple 
measures (higher Moral Disengagement scores and 
lower Ethical Climate Index and Political and Social 
Involvement Scale scores) compared to non- 
participants. Our data seems to suggest that students 
who perceive their university environments as less 
ethical, place less value on social involvement, and 
are more willing to morally disengage also tend to be 
more interested in participating in a fraternity or 
sorority.

5.3. Certain experiences do lead to change

It is worth noting, however, that there was evidence 
of interaction effects on select measures for three 
experiences, suggesting that these experiences do 
lead to measurable changes in perceptions of ethics 
and social responsibility. A set of interaction effects 
was found for students who reported participating 
in honours programs during their undergraduate 
studies. Students who entered honours programs 
started college with higher Fundamentals of 
Engineering/Situational Judgement (FESJ) results 
and these scores remained high over time. 
Students who did not participate in an honours 
program showed a significant increase on the FESJ 
measure. It seems that participation in an honours 
program may have had no effect because participat
ing students were already quite high on the FESJ 
measure as compared to non-participants.

A second set of interaction effects concerned stu
dents who participated in a fraternity or sorority dur
ing college. Participants and non-participants initially 
had similar scores on the FESJ, and participants had 
consistent scores over time. Those who did not parti
cipate in a fraternity or sorority showed an increase in 
their scores over time. It seems that participating in 
fraternities/sororities lessened the positive increases 
that non-participants experienced on the FESJ mea
sure over time. We also found an interaction effect for 
these students on the Justice for Self subscale, where 
participants had a bigger decrease on this measure 
than non-participants. The experience of being in 
a fraternity or sorority may have led students to be 
less confident that they would experience justice in 
their own lives.

Perhaps the most interesting interaction is the 
one for students who participated in service- 
learning courses. These students, on average, 
started with similar scores on the Moral 
Disengagement measure as non-participants but 

only the participant group saw a decrease in their 
scores over time, meaning they were less morally 
disengaged by the final survey. Because we saw no 
other changes over time for other experiences or 
for the students overall on this measure, this is an 
unusual finding. There may be some unique aspects 
of service-learning courses that reduce moral dis
engagement among participating students.

Finally, we note that there were no statistically 
significant differences between the initial and final 
outcomes of any measure on our survey for the 
respondents who did and did not participate in study 
abroad. This was unexpected because study abroad has 
often been framed as particularly impactful for stu
dents’ perceptions of ethics and social responsibility 
(Luo and Jamieson-Drake 2015).

5.4. Future work

Data analysis is ongoing, including continued analysis of 
the interviews conducted in the students’ first and final 
years of college. Analysis of the interviews has provided 
additional nuance beyond what is captured by these 
measures, particularly regarding the influence of co-op 
and internships on students’ understanding of ethics and 
social responsibility (Claussen et al. 2021a; Kim, 
Howland, and Jesiek 2021a). Finally, a new phase of the 
project will track these survey respondents as they begin 
professional work (Claussen et al. 2021b), motivated in 
part by the mixed and sometimes contradictory results 
from previous research investigating how engineers’ 
views of ethics and social responsibility are impacted by 
the school-to-work transition. For example, Cech found 
that the decrease in engineering students’ commitment to 
public welfare that occurs over their undergraduate stu
dies fails to rebound when they enter professional prac
tice (Cech 2014), while other large-scale studies of 
engineering alumni and professionals suggest that ethics 
remains important for engineers across career stages 
(Lattuca et al. 2014; Trevelyan 2014). As part of our new 
project, we have administered a fourth survey in the early 
years of our longitudinal participants’ careers to under
stand how their views change or stabilise during the 
transition to professional work.

5.5. Limitations

This study does have limitations, including as related to 
the demographic characteristics of the respondents. As 
noted above, students who identified as white, female, 
and domestic (U.S.) students were over-represented. As 
such, these results should not be considered generalisable 
to undergraduate engineering students throughout the 
United States or elsewhere. Our research approach simi
larly has limitations. It was exploratory in nature and 
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sought to identify co-curricular experiences that had an 
influence on engineering students’ perceptions of ethics 
and social responsibility, as measured by the instruments 
we selected. As discussed above, this research is continu
ing, and we look forward to results from additional 
surveys and also from more qualitative analyses that are 
also ongoing.

6. Conclusion

Significant investments have been directed towards 
curricular interventions and other programming with 
the goal of bolstering social and ethical commitments 
of students in engineering and other STEM fields 
(Baligar et al. 2018; Balakrishnan, Tochinai, and 
Kanemitsu 2017; Gorur, Hoon, and Kowal 2020; 
Safatly et al. 2020; You and Lee 2011). Yet the main 
story we find in our data is one of self-selection. Most 
students seem to opt into experiences aligned with their 
pre-existing values and commitments. While this does 
not rule out the possibility of incremental or even 
transformative growth for some students, we were not 
able to detect much in the way of aggregate impacts.

If these findings prove valid and replicable, they 
point towards three main implications. First, most 
types of experiences (e.g. taking a single ethics course, 
participating in a service-learning experience) are 
probably not substantial enough to have measurable, 
long-term impacts on most students. Educational 
interventions aiming to significantly shift student per
ceptions of ethics and social responsibility may require 
a longer duration, potentially cutting across multiple 
years and many courses as suggested by an ethics 
across the curriculum approach (e.g. Englehardt and 
Pritchard 2018). Second, more attention should be 
paid to recruitment to identify and reduce barriers to 
participation for students who might benefit the most 
from interventions – but are also least likely to parti
cipate. Requiring certain kinds of learning experiences 
might also prove impactful. Third, efforts to improve 
recruitment into, and enhance the impacts of, such 
interventions should avoid a one-size-fits-all 
approach, including recognising the wealth of pre- 
existing perspectives and experiences that students 
possess when they arrive at university. This is espe
cially true for required curricular experiences, where 
a failure to meet students ‘where they are’ may lead to 
subpar or even regressive learning outcomes.

Nonetheless, a general lack of evidence in this study 
regarding whether and how specific types of experi
ences impacted students’ perceptions of ethics and 
social responsibility does not imply that the percep
tions of students are unchanged by participation. 
Indeed, students have reported the importance of 
some co-curricular activities (Rulifson and Bielefeldt  
2019; Bielefeldt et al. 2018). What these results do 
suggest is that changing students’ perceptions may be 

difficult without coordinated, concerted long-term 
effort and outreach. Martin, Conlon, and Bowe (2021) 
noted that engineering ethics education is a ‘complex 
and multi-layered system’ (p. 3) and these efforts to 
provoke changes in students’ perceptions of ethics and 
social responsibility will need to occur at all levels, 
ranging from individual students and instructors to 
institutions, policies (including those issued by accred
iting bodies), and even the ‘wider cultural milieu’ (p. 3).

It may also be the case that such changes are difficult 
to detect using existing quantitative measures, suggest
ing the need for more sensitive survey instruments 
and/or further qualitative investigations by engineering 
ethics education researchers. Engineering ethics 
instructors could be encouraged to use existing stan
dardised assessment instruments, as some research has 
shown that many are unfamiliar with these instruments 
(Bielefeldt and Canney 2016). In addition, many exist
ing instruments are lengthy (i.e. DIT-2) which may 
discourage instructors from using them in their 
courses. Amidst growing expectations that engineering 
schools cultivate these attitudes in their students, 
increased collaborative efforts within and across 
courses, curricula, and co-curricular activities could 
yield changes that are both quantitatively and qualita
tively measurable. Further, provoking such changes 
may require more intensive and widespread efforts to 
weave ethics into the fabric of engineering education.
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