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A Cross-sectional Study of Engineering Identity Development
During Undergraduate Education

In this research paper, we explore engineering students’ identity development across the four or
more years of undergraduate engineering education. The focus of this work is subject-related role
identities, or how students position themselves and are positioned by others as the kind of people
that engage in engineering, mathematics, or physics. We collected responses from 586
engineering students at a large, public East Coast university using an electronic survey during the
spring semester of 2016. Survey items were taken from previously developed instruments and
included measures of students’ interest in engineering, students’ feeling of recognition by others
as an engineer, and students’ beliefs about their performance/competence in engineering. We
also measured students’ overall attitudes about their identities as a physics person, math person,
and engineer. Student responses were compared by academic year at the university (i.e., first
year, second year, third year, or fourth or more year) using ANOVA and post-hoc Tukey’s HSD
for significant results. Our findings illustrate differences in students’ engineering
performance/competence and recognition beliefs as well as differences in their engineering,
mathematics, physics overall identity measures. The post-hoc Tukey’s HSD tests reveal a
consistent pattern of identity development with lower identification in the second year of
engineering education and identification progressing to the highest levels in the fourth year. This
research provides evidence that these subject-related role identity measures can be used with
students across undergraduate engineering and that they can differentiate among students by year
at a university.

Introduction

Identity is an important indicator for educational and professional outcomes that are important in
engineering education®®. In this work, we define identity not only as how a student sees him or
herself but also how he or she is positioned by others in the world®. These two tensions interplay
in the context of engineering and how undergraduate students become engineers.

Over the past few years, interest in quantitatively measuring identity in engineering education
has grown. To date, significant qualitative work has advanced our understanding of how students
describe identity development and what that means for their development as professional
engineers'®4 This prior work provides a strong basis for understanding how identity influences
important outcomes like student recruitment and retention. However, these in-depth studies are
intensely time-consuming and do not allow for a quick measurement of how students develop
identities as engineers.

More recently, Godwin published a 2016 ASEE conference proceeding describing the
development of a quantitative measure for engineering identity using survey responses from
2,916 first-year students across four U.S. institutions'®. She focused on measuring students’ self-
beliefs of their subject-related role identities. The resulting instrument captured three underlying
constructs of students’ interest in the subject, beliefs about their ability to perform in their
courses as well as understand course material (i.e., competence), and beliefs that others
recognize them as the type of person that does engineering. These items to measure the three
constructs were drawn from measures of science and mathematics identity that were developed
from qualitative work in science education. These measures of science, physics, and mathematics



identity have been shown to be significant positive predictors of STEM-related career choice
including engineering at the transition from high school to college. However, one limitation of
the study was that the items were developed for students in the first year of engineering and had
not been used with upper-level students.

Prybutok, Patrick, Borrego, Seepersad, and Kirisits'® used similar items to measure engineering
identity across 563 lower and upper-level undergraduate students in civil and mechanical
engineering. These authors found a different factor structure than Godwin®® and conducted t-tests
to examine differences in these constructs. For lower-division students, they found no significant
differences by discipline. For upper-division students, they found that mechanical engineering
students rated themselves higher on all physics identity constructs (e.g., interest,
performance/competence, and recognition [by self and by others]). Finally, in an overall
comparison of lower division and upper division students, they found that lower-division had
higher math interest while upper-division students had higher physics recognition. These
findings indicate that there were some significant differences in students’ STEM role-identity
measures across mathematics and physics; however, the authors found no differences across
engineering measures. The results of this study could be limited by the disciplinary interests of
students (e.g., only civil and mechanical rather than a representative sample of the entire
engineering population), the smaller sample sizes for comparisons, and the differences in
constructs for the populations (e.g., indicating that the students in this study answered the
questions different from those of other studies).

Pierrakos, Curtis, and Anderson'’ have also proposed a different measure of engineering identity
from a psychological perspective. They developed items measuring multiple dimensions of
engineering identity based on a thorough literature review and results from their prior work. This
instrument, the Engineering Student Identity Survey (E-SIS), measures 11 subconstructs using
38 questions. The items measuring students’ self-enhancement, social support, visibility of
affiliation, and sense of belonging were able to discriminate between first-year students second-
year students. All other subconstructs distinguished between first-year students and upper-level
students. However, evidence for the construct validity of these items was not provided and the
survey was only administered to 260 engineering students at a single university. This survey still
needs to be tested in broader contexts and provide strong evidence of validity for use. However,
it 1s a promising new survey to capture additional dimensions of students’ engineering identity
development.

These studies have started to develop robust and valid measures for quantitatively understanding
students’ engineering identity. However, these studies show mixed results for the use of items
across engineering students’ developmental trajectories. As these items are developed and used,
it is important that they differentially measure engineering identity as students are developing as
engineers. Accordingly, the purpose of this study is to explore differences in students’ reported
engineering identity measures by year in an engineering undergraduate program. The results of
this study can add to our understanding of how students’ develop identities as engineers for an
aggregate group during their undergraduate education. If the measures capture the same overall
levels of engineering identity in year one as in the final years of an engineering degree, then they
are not sensitive enough to understand students’ development as engineers.



Research Questions
To address our purpose, we answer the following research questions:

RQ1. Do engineering students differ in identity measures by year in their
undergraduate program?

RQ?2. Is there a pattern of identity development across the engineering
undergraduate years?

Methods

Data

The data for this study came from a survey instrument that was electronically administered to the
entire College of Engineering at a large, public East Coast university. The survey was
administered in the spring of 2016 and included 137 items measuring student innovation,
integration, identity, belongingness, engineering year and major, and demographic information.
A total of 586 students had valid responses, which was determined using a filter question asking
students to mark a particular response; this item was used to filter out indiscriminate responders
from the survey results. Of the valid responses, there were no missing data. A slightly larger
proportion of women answered the survey, 33% of responses, than the overall female
engineering population, 21%. The distribution of respondents across years at university are as
follows: 34.6% (203 students) in the first year, 21.2% (124 students) in the second year, 19.8%
(116 students) in the third year, and 24.4% (143 students) in the fourth year or beyond. This
distribution provides a large enough sample size to examine differences by year. We have also
reported racial and ethnic composition as self-identified by participants in Table 1.

Table 1. Racial and ethnic composition of sample compared to College of Engineering. Some
demographics may be reported more than once.

Percentage of Percentage in College of
Race/Ethnicity Sample (Number) Engineering
American Indian or Alaska Native 0.8 (5) 0.05
Asian 16.6 (97) 11.0
Black or African American 3.1(18) 2.9
Hispanic 3.6 (21) 5.4
White 78.1 (458) 63.5
More than one race 5.1 (30) 4.1

The questions used in this analysis are an overall measure of students engineering, physics, and
mathematics identity as well as the averaged constructs of interest, recognition, and
performance/competence for engineering only. The overall measures of identity for the three
subjects of physics, mathematics, and engineering asked students to respond on an anchored
scale from 1 — “Strongly Disagree” to 7 — “Strongly Agree” for the question, “I see myself as a
(physics person, math person, or engineer).” The responses varied for each subject area
according to prior literature demonstrating that students in their undergraduate careers more
strongly identify as a “physics person” or “math person” than a physicist or mathematician,
respectively. The full set of items used to measure the subject-related constructs of interest (e.qg.,



three items), recognition (e.g., three items), and performance/competence (e.g., five items) are
published in Godwin’s work, but a sample of some of the items are presented in Table 2 below.

Table 2. Example of items of subject-related role engineering identity constructs.

Latent Construct Sample Item

| enjoy learning engineering

| am interested in learning more about engineering

My instructors see me as an engineer

My peers see me as an engineer

| am confident that | can understand engineering in class
| can do well on exams in engineering

Interest
Recognition

Performance/Competence

Analysis

Before conducting the analysis to answer the research questions posed in this paper, we first
analyzed the students’ responses for evidence of validity. One of the limitations of Godwin’s
prior work was that the survey was only used with early career undergraduates®. While others
have used these items with upper-level students, we wanted to ensure that the questions we were
asking had validity evidence for our study population before proceeding. The purpose of these
analyses was to provide evidence that the questions used were valid in our study context;
however, we do not claim that they are exhaustive measures of validity. First, we checked the
data to see if it met assumptions of multivariate normality. The skew and kurtosis were evaluated
for each item to ensure that the assumptions of multivariate normality were not severely violated
(absolute value of skewness of 2.0 or higher and kurtosis of 7.0 or higher)'81°, Next, we
conducted a maximum likelihood exploratory factor analysis with a promax rotation. A promax
rotation allowed constructs we theorized were related to be correlated and is a best practice for
education research?. We examined both a scree plot and parallel analysis to determine the
number of factors and used a cutoff of 0.32 for the minimum loading of an item, which equates
to approximately 10% overlapping variance with the other items in that factor?'. We examined
all of the items to see if the items hypothesized to measure particular constructs, in fact, did.
Finally, we calculated the internal consistency as measured by Cronbach’s alpha with values
above 0.7 being an acceptable cutoff for newly developed scales and values above 0.8
preferred??.

To answer the first research question, we conducted a one-way analysis of variance (ANOVA)
for each overall measure of physics, mathematics, or engineering identity items as well as for
each of the engineering identity constructs (e.g., interest, recognition, or
performance/competence). The results of this analysis indicate if the outcomes are significantly
different by year in college. To ensure that the assumptions of an ANOVA held, we also checked
the homogeneity of variance using a Levene’s test because it is more robust against departures
from normality than a Bartlett’s test?,

If significant differences by year were found, a post hoc TukeyHSD test was conducted to
determine which years showed significant differences. Additionally, the means of each year with
a 95% confidence interval were plotted to represent visually significant differences. This analysis
was conducted using the R statistical software program?* and an alpha value of 0.01 was used to
reduce the risk of Type | error.



Results

Checking data for underlying assumptions

Our examination of the data revealed skewness of items ranging from -0.44 to -1.52—indicating
non-normal distributions, but still within the assumptions of maximum likelihood factor analysis.
Kurtosis ranged from 2.51 to 5.61—also indicating non-normal distributions, but still within the
assumptions of maximum likelihood factor analysis. The scree plot and parallel analysis
indicated three factors for the maximum likelihood exploratory factor analysis. We conducted
the factor analysis and the factors loaded as hypothesized with the lowest loading well above the
cutoff of 0.32 at 0.57. Additionally, the communalities of the factors fell within the
recommended range of 0.4 to 0.7 with the range for this administration being 0.50 to 0.88. The
Cronbach’s alpha values for each construct were 0.93, 0.90, and 0.90 for interest, recognition,
and performance/competence, respectively. This analysis indicates that the items used to
measure engineering identity constructs have validity evidence for their use in this study.

We then examined the data for homogeneity of variance before conducting an ANOVA for the
engineering identity constructs (e.g., interest, recognition, and performance/competence). The
Levene’s tests were non-significant for each averaged engineering identity construct as well as
the overall measures of mathematics, physics, and engineering identity. A non-significant result
indicated that the variances of the populations do not significantly differ (or can be assumed to
be equal).

Comparison of student responses by year

A one-way between subjects ANOVA was conducted to compare the effect of year in college on
engineering identity constructs. This analysis was conducted to see if students further along their
education pathway have stronger identity beliefs than students earlier on in their undergraduate
education. There was a significant difference by year for recognition [F(3, 581) =7.49; p =
0.00007] and performance/competence [F(3, 581) = 3.99; p = 0.0079] beliefs. The ANOVA for
interest by year did not have significant results. We also examined the effect of year in college
on the overall measures of mathematics, physics, and engineering identity. There was a
significant effect of year in college on students’ reported mathematics identity [F(3, 581) = 3.96;
p = 0.0083], physics identity [F(3, 581) = 3.88; p = 0.0092], and engineering identity [F(3, 581)
=6.37; p = 0.0003].

Because we found statistically significant results, we needed to compute a post hoc test. We
selected the Tukey post hoc test to compare each of our conditions to every other condition. Post
hoc comparisons for engineering recognition using the Tukey HSD test indicated that the mean
score for the fourth year (M =5.70, SD = 1.05) was significantly different from the first year (M
=5.17, SD = 1.33) and second year (M = 1.31, SD = 0.84). Tukey HSD test for engineering
performance/competence beliefs indicated a significant difference between year four (M = 5.32,
SD =1.21) and year one (M =5.69, SD = 1.04). These results indicate that students later on in
their engineering careers have higher, although only moderately higher on the measurement
scale, engineering recognition and performance/competence beliefs.

The mathematics identity Tukey HSD test show significant differences between year three (M =
5.79, SD = 1.13) and year two (M =5.19, SD = 1.46). Tukey HSD test for physics identity



revealed significant differences between year three (M = 4.72, SD = 1.82) and two (M = 3.97,
SD =1.90) as well. Finally, engineering identity measure showed a significant difference
between year four (M =5.02, SD = 1.70) and two (M =5.74, SD = 1.35) as well as a borderline
significance (p =0.011) between years four and one. These results indicate a significant jump in
math and physics identities between the second and third year of college. Additionally, physics
identity has the lowest average scores among the identity measures. The results of the
engineering identity comparison showed that the last year of engineering has the highest overall
measure of identity and can distinguish between earlier years. This trend is similar to the
engineering constructs of recognition and performance/competence.

An examination of the data visually also shows a trend in the identity measures. For all of the
measures, there is a dip in year two that rises rapidly in years three and four (see Figures below).
The figures represent the average value for each construct or overall measure of identity by year
with the 99% confidence interval plotted. First, the constructs of engineering identity are
presented including recognition (Figure 1) and performance/competence (Figure 2) beliefs.

Figure 1. Engineering recognition beliefs by year. This figure was generated using the gplots
package®® in R?.
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Figure 2. Engineering performance/competence beliefs by year. This figure was generated using
the gplots package? in R?4,
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Figures 3-5 show the averages for student responses to the overall measures of identity for the
subject areas of mathematics, physics, and engineering, respectively.

Figure 3. Overall mathematics identity by year. This figure was generated using the gplots
package?® in R?4.
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Figure 4. Overall physics identity by year. This figure was generated using the gplots package®
in R,
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Figure 5. Overall engineering identity by year. This figure was generated using the gplots
package?® in R?4.
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Discussion

The measurements developed for engineering identity show significant differences across years
in college for all constructs except for engineering interest. Additionally, the single item
measures of mathematics, physics, and engineering identity show significant differences as well.
Engineering recognition and performance/competence beliefs in year four are higher than in
years one or two. The lack of significant differences for interest may be explained by student
persistence. Students who are interested in engineering careers choose engineering as a major
and remain in engineering so long as that interest is sustained?®-2°, Consistent with other work,
performance/competence beliefs which are a broader subject-related (rather than task-related)
measure similar to self-efficacy does increase over students’ undergraduate engineering
education®3, Previous work showed that recognition beliefs were the most significant predictor



of engineering choice®. This paper does indicate the recognition increases over the span of the
undergraduate years and may be an important factor not only in engineering choice but in
engineering identity development as well.

Mathematics and physics identities show a slightly different pattern than engineering identity
constructs or the overall measure of engineering identity. The significant differences found
occurred between years two and three rather than years four and one or two. These measures
show a sharper decline in mathematics and physics identity from year one to year two and a
sharp increase in year three. This result may be due to required courses taken in year two for
many engineering program’s curricula. Students often encounter the most difficult calculus
sequences and electricity and magnetism courses during this time of development. These courses
or other external factors may be influencing the types of STEM identities students assume during
their second and third years.

All of the identity measures show a similar qualitative trend of a dip in reported identity
construct or overall identity measures during the second year and an increase to the highest level
at the end of their undergraduate career. This trend may be related to a phenomenon known as
the “sophomore slump.” Over 40% of students leave engineering in the first two years of
college®. In the second year of study, engineering students face the academic pressure of
demanding schedules and discipline-specific coursework that affect student success and
retention. While the transition to college for freshman is difficult, the transition into the second
year is even more so 33, Existing cohort studies indicate that engineering students experience
relatively high attrition in the second year and underrepresented students are retained in the
second year at a lower rate than majority students®*.

These results coupled with information on the sophomore slump may point to an ideal time in
undergraduate engineering students’ development for interventions to support, develop, and
sustain identity development. Other work has shown that authentic, real-world problems and
opportunities to connect engineering experiences with students” own experiences provide strong
supports for identity development. First-year engineering courses and capstone courses during
the senior year often provide these opportunities. However, these opportunities are less common
in the second and third years of undergraduate engineering education. Providing additional ways
to sustain students’ performance/competence and recognition during the second year may help
with retention.

Limitations and Future Work

This study has three limitations that could be addressed through future work. First, a limitation of
this study is the cross-sectional nature of this data given that we treated each year cohort is an
independent sample. While we have provided evidence that these groups are similar in their
variance, the relationships described in this paper are not conclusive about students’ identity
development over time. Additionally, this measurement only provides a “snapshot” of student
identities and does not take into account the fluidity of identity over time. Nevertheless, the trend
that consistently shows up across the four years of undergraduate education is starting evidence
that upper-level students have a stronger sense of engineering, physics, and mathematics identity.
Second, this work has only been conducted at one institution. Further longitudinal exploration
across multiple institutions can provide new information about how individual students develop



engineering identity within the context of an institution. Finally, there is a limited understanding
of the process by which diverse students form engineering identities in and out of undergraduate
classrooms. Based on prior literature of underrepresented students leaving at higher rates within
the second year, a deeper exploration into who forms identities and how they are formed could
provide additional ways to shape engineering education to help students see themselves within
an engineering profession.

Conclusion

This work provides additional validity evidence that the engineering, physics, and mathematics
identities items in current use can distinguish between students early on in their undergraduate
engineering education and at the end of that education. We found that that students’ report a
consistent (but in many cases borderline or non-significant) dip in identity during the second year
of study. This dip merits further exploration and provides a potential opportunity to provide
particular support to students’ identity development.

References

1. Tonso KL. Teams that work: Campus culture, engineer identity, and social interactions. J Eng Educ.
2006;95(1):25-37. http://onlinelibrary.wiley.com/doi/10.1002/j.2168-9830.2006.tb00875.x/abstract.
Accessed April 11, 2013.

2. Capobianco BM, French BF, Diefes-Dux HA, et al. Engineering Identity Development Among Pre-
Adolescent Learners. J Eng Educ. 2012;101(4):698-716.
3. Matusovich HM, Barry BE, Meyers K, Louis R. A multi-institution comparison of identity development as

an engineer BT - 118th ASEE Annual Conference and Exposition, June 26, 2011 - June 29, 2011. In: ASEE
Annual Conference and Exposition, Conference Proceedings. Virginia Tech, United StatesDepartment of
Civil and Mechanical Engineering, U.S. Military Academy, West Point, United StatesCollege of
Engineering, University of Notre Dame, United StatesDepartment of Engineering Education, United States:
American Society for Engineering Education; 2011.

4. Tonso KL. On the Outskirts of Engineering: Learning ldentity, Gender, and Power via Engineering
Practice. Rotterdam, Netherlands: Sense; 2007.

5. Jorgenson J. Engineering Selves: Negotiating Gender and Identity in Technical Work. Manag Commun Q.
2002;15(3):350-380. d0i:10.1177/0893318902153002.

6. Du X-Y. Gendered practices of constructing an engineering identity in a problem-based learning
environment. Eur J Eng Educ. 2006;31(1):35-42. doi:10.1080/03043790500430185.

7. Meyers KL, Ohland MW, Pawley AL, Silliman SE, Smith KA. Factors relating to engineering identity. Glob
J Eng Educ. 2012;14(1):119-131.

8. Chachra D, Kilgore D, Loshbaugh H, McCain J, Chen H. Being and becoming: gender and identity

formation of engineering students. In: American Society for Engineering Education Annual Conference &
Exposition.; 2008.

9. Varelas M (Ed. . Identity Construction and Science Education Research: Learning, Teaching, and Being in
Multiple Contexts. (Varelas M, ed.). Rotterdam: Sense Publishers; 2012.

10. Johnston S, Lee A, McGregor H. Engineering as captive discourse. Techn{é} Res Philos Technol.
1996;1(3/4):128-136.

11. McNair LD, Paretti MC, Kakar A. Case study of prior knowledge: Expectations and identity constructions
in interdisciplinary, cross-cultural virtual collaboration. Int J Eng Educ. 2008;24(2):386.

12. Dannels DP. Learning to Be Professional: Technical Classroom Discourse, Practice, and Professional
Identity Construction. J Bus Tech Commun. 2000;14(1):5-37. doi:10.1177/105065190001400101.

13. Matusovich HM, Barry BE, Meyers K, Louis R. A Multi-Institution Comparison of Identity Development as
an Engineer. In: American Society for Engineering Education Annual Conference & Exposition. Vancouver
B.C., Canada; 2011:18.



14,

15.

16.

17.
18.
19.
20.
21.
22.
23.

24,
25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Godwin A, Potvin G. Pushing and pulling Sara: A case study of the contrasting influences of high school
and university experiences on engineering agency, identity, and participation. J Res Sci Teach. 2016;Early
View. d0i:10.1002/tea.21372.

Godwin A. The Development of a Measure of Engineering Identity. In: Proceedings from ASEE 2016:
American Society for Engineering Education Annual Conference & Exposition. New Orleans, LA; 2016:15.
Prybutok A, Patrick AD, Borrego MJ, Seepersad C, Kirisits MJ. Cross-sectional Survey Study of
Undergraduate Engineering Identity. In: American Society for Engineering Education Annual Conference &
Exposition. New Orleans, LA; 2016. doi:10.18260/p.26610.

Pierrakos O, Curtis NA, Anderson RD. How salient is the identity of engineering students? on the use of the
Engineering Student Identity Survey. In: Frontiers in Education Conference (FIE), 2016 IEEE.; 2016:1-6.
Curran PJ, West SG, Finch JF. The robustness of test statistics to nonnormality and specification error in
confirmatory factor analysis. Psychol methods1. 1996;1(1):16-29.

Muthen B, Kaplan D. A comparison of some methodologies for the factor analysis of non-normal Likert
variables: A note on the size of the model. Br J Math Stat Psychol. 1992;45(1):19-30.

Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating the use of exploratory factor analysis in
psychological research. Psychol Methods. 1999;4(3):272.

Tabachnick BG, Fidell LS. Using multivariate statistics. 2001.

Thorndike RL, Hagen E. Measurement and evaluation in psychology and education. 1997.

Levene H. No Title. In: I. Olkin et al., ed. Contributions to Probability and Statistics: Essays in Honor of
Harold Hotelling. Stanford University Press; 1960:278-292.

R Core Team. R: A Language and Environment for Statistical Computing. 2016. https://www.r-project.org/.
Warnes GR, Bolker B, Bonebakker L, et al. gplots: Various R Programming Tools for Plotting Data. 2016.
https://cran.r-project.org/package=gplots.

Seymour E, Hewitt N. Talking about Leaving: Why Undergraduates Leave the Sciences. Boulder, CO:
Westview Press; 1997.

Schreuders PD, Mannon SE, Rutherford B. Pipeline or personal preference: Women in engineering. Eur J
Eng Educ. 2009;34(1):97-112. doi:10.1080/03043790902721488.

Geisinger BN, Raman DR. Why they leave: Understanding student attrition from engineering majors. Int J
Eng Educ. 2013;29(4):914-925.

Lent RW, Brown SD, Hackett G. Toward a unifying social cognitive theory of career and academic interest,
choice, and performance. J Vocat Behav. 1994;45(1):79-122.

Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol Rev. 1977;84(2):191-
215.

Godwin A, Potvin G, Hazari Z, Lock R. Identity, Critical Agency, and Engineering: An Affective Model for
Predicting Engineering as a Career Choice. J Eng Educ. 2016;105(2):312-340. doi:10.1002/jee.20118.
National Center for Education Statistics. Dig Educ Stat. 2011. http://nces.ed.gov/Programs/digest/. Accessed
March 3, 2012.

Wilder JS. The Sophomore Slump: A Complex Developmental Period That Contributes to Attrition. Coll
Student Aff J. 1993;12(2):18-27.

Huang G, Taddese N, Walter E. Entry and Persistence of Women and Minorities in College Science and
Engineering Education. Washington, D.C.; 2000.



	Purdue University
	Purdue e-Pubs
	6-24-2017

	A Cross-sectional Study of Engineering Identity During Undergraduate Education
	Allison Godwin
	Walter C. Lee

	A Cross-sectional Study of Engineering Identity During Undergraduate Education

