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Abstract— This Research Full Paper presents the effects of
computing identity sub-constructs on the persistence of computer
science students. Computer science (CS) is one of the fastest
growing disciplinesin the world and an emerging critical field for
all studentsto obtain vital skillsto be successful in the 21st century.
Despite the growing importance of computer science, many
university and college programs suffer from low student
persistence rates. Disciplinary identity is a theoretical framework
that refers to how students see themselves with respect to a
disciplineand isrelated to long-term member ship in adisciplinary
community. The theory has been effectively applied in Science,
Technology, Engineering, and Mathematics (STEM) to
under stand students' successand per sistence. Thisstudy examines
the effects of performance/competence, recognition, interest and
sense of belonging on the academic per sistence of computer science
students. A survey of approximately 1,640 computing students as
part of a National Science Foundation (NSF) funded project was
developed and administered at three metropolitan public
institutions. Confirmatory Factor Analysis (CFA) was performed
to validate the sub-constructs of identity for use in a computing
identity model. Then, a structural equation model (SEM) was
constructed as a snapshot of the structural relationships for
describing and quantifying the impact of the identity sub-
constructson persistence. Theresultsindicated that our model for
CSalignswith prior research on disciplinary identity but also adds
the importance of sense of belonging. In addition, the findings
indicate that students academic persistenceis directly influenced
by their interest. A better understanding of these factors may
leverage insight into students’ academic persistence in computer
science/engineering programs as well as a meaningful lens of
analysisfor further curriculum and extracurricular activities.

Keywords—computer science education; computing identity;
academic persistence; structural equation modeling; engineering
education.

I.  INTRODUCTION

Computer technology and computing is part of everything
we do from the daily work with cellphones, to the movies we
watch. CSis one of the fastest growing disciplines and highest
paying career paths in the world which enables us to make a
positive difference in the world by driving innovation in the
other sciences[1]. Despite theincreasing popularity and demand
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of computer science, many university programs suffer from low
student persistence rates. The number of undergraduate students
who leave Science, Technology, Engineering, and Mathematics
(STEM) programs before completion is the highest for computer
science majors (59%) compared to all other STEM disciplines
[2]. Numerous students who leave computer science programs
switch to other majors or drop out of school without earning an
academic degree[2].

Literature specifies that academic persistence depends on a
combination of factors such as the academic system, social
system, family background, prior schooling [3-8], career
interests[9], academic motivation [10], communities of practice
[11], interest, self-efficacy [12-14], and many more. Social
cognitive theory (SCT) [15] and socia cognitive career theory
(SCCT) [16] have also been prominent in STEM and
engineering in the past decade emphasizing that self-beliefs
explain students’ academic choice behavior and influence
students' performance, and career aspirations [17-19]. Other
studies [20, 21] show that a student’s identity or a student’s self-
perception of higher performance, competence, interest, and
recognition are notably related to his’/her goals, institutional
commitments, choice of career and persistence (Identity theory)
(Figl). One such identity is the disciplinary identity, a
theoretical framework that refersto how students see themselves
with respect to a discipline. The identity theory has been
effectively applied in STEM to understand students’ success,
and persistence[17-21]. Although there has been extensive work
in science and engineering there is a dearth of literature on the
implications of computer science identity on persistence.

To address the persistence issue, this study examines the
effects of performance, competence, recognition, and sense of
belonging which for the purpose of this study are defined as
“identity sub-constructs” on the academic persistence of
computer science students. A sub-construct is an attribute,
ability or skill that exists in the human brain, and is not directly
observable [20]. For this examination, a survey was developed
and administered at three metropolitan public institutions
consisting of 1,640 computer science (CS), computer
engineering (CE) and information technology (IT) students as
part of a National Science Foundation (NSF) funded project



[Collaborative Research: Florida IT Pathways to Success (Flit-
Path) NSF# 1643965]. The Confirmatory Factor Analysis
(CFA) was performed first; then the structural equation model
(SEM) was constructed to demonstrate and quantify the
structural  relationships  of identity sub-constructs and
persistence.

Interest
(Desireto learn
topics and practices)

Recognition
(Belief in perceived
recognitions)

Student’s
Identity

Competence/Per for mance
(Belief in ability to understand and accomplish tasks)

Fig. 1. Student’s identity is composed of three sub-constructs which refer to
student’s self-perceptions.

The research question guiding the study was how the
theorized identity sub-constructs (performance, competence,
recognition, interest, and sense of belonging) contribute to the
academic persistence of undergraduate computer students?

II. THEORETICAL FRAMEWORK

Identity development in STEM: Identity is an essentia
analytical instrument in education research for understanding
students [22]. There has been increasing attention to identity
development in STEM [23] dueto agrowing concern of the lack
of interest in science among students. Identity has been defined
as an individual’s lens of past experience and performances in
society and the world around them [24] or at the present time or
even future envisioning [25, 26]. In 2007, a framework for
science identity was proposed that emphasized performance,
recognition and competence [27]. They developed a model of
science identity to investigate the science experiences of
students over the course of their education in science and
science-related careers. Later, interest wasintroduced as another
interrelated sub-construct that contributed to the framework [20]
(Figl). This framework has been validated for examining
identity in the fields of math, physics, science and engineering.
[17-21]. A student’s desire to learn and study, perceived
competence/performance and his/her beliefs of being recognized
by others have been identified to be predictive of his/her
persistencein education and career in that discipline[18]. Sense
of belonging (belief in fitting into a community) on the other
hand, has been identified as an additional effective construct on
student identity and persistence [5, 28, 29] which in thiswork is
applied to the framework and examined as an identity sub-
construct. Computing identity: Although the STEM identity
literature highlights the significance of self-beliefs in academic
persistence and success [18-20, 27, 30-35], the research on
computing identity has not been studied and framed widely.
Researchers explored several areas as related to the computing
identity such as self-perception of performance/competence,
students’ expectation and values [36-38], and measurement
examination [39]. The computing identity literature is lacking
rigorous studies and still demands a more in depth inquiry to
indicate whether CS identity aligns with prior studies but also

whether the interrelated sub-constructs of computing identity
influences CS students’ persistence.

[1l. METHODOLOGY

A quantitative research method was used for this study. A
survey exploring computing identity was developed and
disseminated. The structural equation modeling (SEM) was used
to determine whether the identity model was valid and how the
theorized identity sub-constructs contribute to the academic
persistence of computer science students [18]. After the
institutional review board (IRB) approval, we first conducted a
pre-survey on 95 students in three rounds. We revised some of
the questions after the central tendency measurement, CFA
analysis and follow-up conversation with some of the students.
Then, we conducted the main Flit-Path survey which was given
to 1640 undergraduate students ranging from freshmen to
seniors at three metropolitan public ingtitutions, Florida
International University (FIU), University of Central Florida
(UCF) and University of South Florida (USF). The final version
of the survey included 22 questions that covered the theorized
sub-constructs of computing identity, persistence likelihood and
career likelihood and consisted of multiple choice, Likert-scale,
and categorical questions. The survey responses included awide
range of students: 22% female, 78% male, 23% 1st year, 13%
2nd year, 27% 3rd year, 23% 4th year, 14% past 4th year. In
addition, students consisted of 31 American Indian or Alaska
Native, 254 Asian, 198 Black or African American, 505
Hispanic, Latin, or Spanish origin, 40 Middle Eastern or North
African, 11 Native Hawaiian or Other Pacific Islander, 857
White, and 41 other race or ethnicity. The sample is not
representative of the national population.

SEM is a quantitative multivariate statistical analysis
technique consisting of multiple regression and factor analysis
which utilizes measured variables and latent variables in
complex relationships [40]. Measured variables such as our
survey items can be observed and are measurable, while, latent
variables such as persistence and identity sub-constructs cannot
be observed directly, but their values can be implied by their
relationships to observed variables. SEM builds on correlational
research by adding theoretical perspectives of an explanatory
nature that provides more insight into potential causation. The
main reason for using SEM in this study is that SEM can
measure latent variables and assesses the validity and reliability
of the measurement model. In addition, it enables us to evaluate
a model of relationships among constructs and sub-constructs
simultaneously [40]. The SEM first uses factor analysis to
evaluate how well the items measure the underlying theoretical
construct or latent variables. Then uses path analysis to evaluate
the relationships among the latent variables and the validation of
the model fit [18, 20].

In this study different aspects of reliability and validity were
utilized. Face, content and construct validity were performed to
determine whether our study truly measures what it intended to
measure. A pre-survey was designed and developed by
leveraging valid and reliable instruments in engineering and
science [20, 21] to provide feedback and establish face and
content validity [41]. We performed severa changes
incrementally to examine and modify some of the questions. We
piloted the survey to ensure that the test was formatted correctly,



worded correctly and that the questions were valid. In terms of
congtruct validity, a Confirmatory Factor Analysis (CFA) was
applied to the survey to validate whether the suitable measures
loaded on the four separate sub-constructs. In the construct
validity we compared the test elements of sub-constructs to
determine how correlated the measures were and how well our
tool measured the sub-constructs. We set a minimum factor
loading of 0.5 [17, 20, 42, 43] and the results showed high
correlation in our four-factor design. In terms of reliability, an
internal consistency test was performed on the items used to
build the four identity sub-constructs. Cronbach’s alpha for the
interest and recognition, performance/competence and sense of
belonging items were above the acceptable level of reliability of
0.7[20, 21].

Perfor mance/
Competence

IV. RESULTS

CFA was performed to identify number and nature of
underlying latent factors and examine the survey responses to
confirm the factorial structure. We loaded questions into five
factors. CFA confirmed three items for interest, three items for
recognition, two items for performance/competence and two
items for sense of belonging. Each item of the sub-constructs
had a loading factor of 0.5 or greater [40, 43]. The CFA model
was tested based on our theoretical understanding of prior
qualitative work [27].

N =1640 Df =35
Model x*= 214.733

GFl 0.976

AGFl 0955

RMSEA 0.056

SRMR  0.026

NNFI 0978

q%h = can do well on computing tasks

g9l = | enjoy learning about computing

g10b =1 feel valued and respected

g9a = | see myself as an exemplary student in computing fields
9c = Other students see me as an exemplary student in computing fields
q9d = My teachers see me as an exemplary student in computing fields

q9i =1 understand concepts underlying computer processes
q9j = Topics in computing excite my curiosity

g9m = | like to know what is going on in computing
gl0a = | feel like you are part of the community

Fig. 2. Confirmatory factor analysis to confirm the factorial structures. (Acceptable values: GFI (p>0.90), AGFI (p>0.90), RMSEA (p<0.08), NNFI (p>0.90), SRMR

(p<0.08))



Measurement Model: The confirmatory factor analysis was
performed using R open source software version 1.1.442. The
SEM and Lavaan packages were used for measurement and the
structural model. Bootstrapping and maximum likelihood
estimation were used for our data to moderate the potential
biasing effects for missingness [17, 42]. Due to the large data
sample size, the chi-square is significant [43]. All of the fit
indices of the model including GFI, AGFI, RMSEA, NNFI and
SRMR were within the recommended range of SEM and
engineering education scholars [18, 19, 43]. Figure 2 shows the
initial measurement model and fit indices

Table 1 shows the results of the initial measurement model
and fit indices. It includes the factor loadings, item reliability,

TABLE |. CONFIRMATORY FACTOR ANALY SIS ESTIMATES AND FIT INDICES

construct reliability and average invariance of variables. The
range of standardized factor loading was from 0.84 to 1 which
is acceptable [18, 43].

Structural model: We hypothesized astructural model for the
identity sub-constructs and persistence. Figure 3 Shows the
model which was input using a correlation matrix. The goal of
SEM s to find the best model fit. We tested and hypothesized
different combinations of sub-constructs based on the previous
work on identity theory and social cognitive careers[12, 16, 17-
21, 27]. The reference variable for computing persistence was
fixed in the model to 1. All pathways were significant (p<0.001)
and fit indices were within the recommended range [ 18, 19, 43].

Latent variable Indicator variable Standar dized Standard error Item reliability Construct Average variance
factor loading (R? reliability extracted
Interest q9j 0.877 0.020 0.769 0.927 0.808
q9l 0.948 0.017 0.899
qom 0.87 0.019 0.757
Performance/ q%h 0.864 0.025 0.746 0.875 0.778
Competence qoi 0.9 0.024 0.810
Recognition g9a 0.843 0.021 0.711 0.885 0.719
gq9c 0.852 0.021 0.726
qod 0.849 0.021 0.721
Sense of gl0a 0.885 0.026 0.783 0.869 0.768
Belonging g10b 0.868 0.025 0.753
Acceptable values: Item reliability > 0.50, Construct reliability > 0.70, Average variance extracted > 0.50
Recognhition |—————| Interest
o
‘s s,
V4
I, A A N = 1640 Df = 38
| \2, &/ Model x?=234.903
(o} ’ >/ ;
1 g N Fo ’ N~ Computing \ | GFI 0.973
] S ™ Persistence
|\ © S AGFI 0.944
\ RMSEA 0.056
\ SRMR 0.031
» NNFI 0.977

Sense of
Belonging

Performance/
Competence

Fig. 3. Structural equation modeling results. GFl: goodness of fit; AGFI: adjusted goodness of fit; RMSEA: root mean square error of approximation; SRMR:
standardized root mean square residual; NNFI: non-normed fit. (Acceptable values: GFI (p>0.90), AGFI (p>0.90), RMSEA (p<0.08), NNFI (p>0.90), SRMR
(p<0.08))



V. DISCUSSION

While computing identity sub-constructs contributed to
persistence, their effects were varied with both direct and
indirect pathways. Since the theoretical structure does not
explain the nuance in how the sub-constructs affect each other
and identity, we tested several direct and indirect models for the
effect of the sub-construct. The interest had the strongest direct
effect on persistence (p<0.001) which indicates that the more
students areinterested in computing, the more likely they would
be to persist. There is rich literature [45, 46] that emphasizes
student’s desire to learn computing and curiosity about
computing topics are linked with student’s persistence,
engagement and motivation in computing.

Student’s self-competency beliefs also had a significant
pathway to persistence (p<0.001). Students’ beliefs about their
ability to understand and perform in computing affects students’
activities [15]. The direct effect of interest and competency is
supported by SSCT and self-efficacy theory [47]. Students with
higher self-competency beliefs are more likely to persist in
learning, education, and occupation [48]. The effects of interest
and sdlf-efficacy on student’s persistence and performance have
been studied in many studies [49-53]. Recognition had both
direct and indirect effects on persistence (p<0.001). Recognition
had a direct effect on interest (p<0.001) which indicatesthat the
more a student believes that their friends and family members
view him/her asacomputing person, themorelikely he/shefeels
interested in computing [12]. The indirect influence of
recognition on persistence went through interest. It indicatesthat
recognition may increase student’s persistence by influencing
interest. For instance, being recognized by friends and teachers
as a software developer for a computing student positively
affects his/her interest and consecutively his’her persistence in
academia and career intentions. Recognition and
performance/competence have been studied as predictive of
positively impacting students’ persistence [18].

Sense of belonging had a direct effect on competence and
performance (p<0.001). It indicates that the more students feel
a belonging to the computing community, groups and
organizations, the more likely they feel they are capable to
understand computer science and perform in computing. The
strong correlation among recognition, sense of belonging and
performance /competence revealed that there are bidirectional
effects among them. If school administrators and teachers
encourage students to be part of computing organizations like
ACM and |EEE, it alows students to feel a sense of belonging
in computing sciences.

The difference in our results to the expected identity
framework [17-19, 21] may potentially be caused by multiple
reasons. For example, the variation in CS interest for the
students who study computing across IT, CS, and CE might
suggest that interest level really distinguishes their likelihood of
persisting in CS related careers. Students may be interested
initially in CS careersfor many reasonsthat are not related to the
core interest in the subject. Thus, their original interest once in
the programs may serve to distinguish them in ways that affect
their persistence. For instance, a student who enters CS because
he/she is interested initialy in a career related to gaming, may
realize once in the program that actual CS tasks are less

interesting and therefore be less likely to persist. In contrast, the
model for students in engineering [17, 18] may be different
because they initialy maor in those subjects with similar
interestsin the content itself. Second in this study, the focus was
on persistence as an outcome rather than an overall measure for
a student’s disciplinary identity. Thus, we did not expect
identical results from earlier work in physics, math and science.

Interest in this model has been identified as the most
effective sub-construct with a direct pathway on persistence.
The other sub-constructs indirectly affecting the interest sub-
construct. For instance, if a student feelsless recognized, he/she
is more likely to drop out or choose an unrelated career due to
the fact of not being interested in computing. It would be
beneficia to investigate the theory in action and do further study
about student’s feelings and beliefs on their persistence.

VI. CONCLUSION

The purpose of this study was to investigate how computing
identity sub-constructs contribute to the academic persistence of
CS students. In addition, it aimed to examine whether the
theorized sub-constructs aligns with the prior work on identity.
For this purpose, we designed a conceptual model, developed a
hypothesis, designed a questionnaire, conducted a survey, and
used multiple statistical techniques including CFA and SEM to
accomplish our goal and answer our research question. The
results showed CS persistence is influenced by the computing
identity sub-constructs. Structural equation modeling analysis
quantified the impact of these pathways.

It is important to understand that investigating students’
identity is one way to explore students’ persistence. The model
proposed in this paper will help researchers to understand
students’ persistence in computing through further exploring in
their identity sub-constructs. In addition, constructing curricular
and extracurricular activities based on these findings potentially
increase the academic persistence in computer science
programs. Furthermore, students, instructors, and faculty
members, as well as academic counsel ors who assist and advise
students can leverage the results. The future work includes
further assessment of our structural equation model for diverse
demographics such as gender dynamics and level of education.
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