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Quantitative Methodological Approaches to Understand the Impact of
Interventions: Exploring Black Engineering Student Success

Abstract

As engineering educators and practitioners, we must broaden the participation of students from
racially minoritized populations to meet engineering education’s social and ethical responsibilities
to address problems and design solutions relevant to our diverse communities. However, the
engineering profession in the United States has historically and continues to exclude certain racial
and ethnic populations, including Black, Latinx, and Native people. As a result, engineering
remains a predominantly white discipline despite national calls to broaden participation. There
have been interventions to help historically excluded students navigate the exclusionary
engineering culture, including institution-driven and student-driven interventions. Affinity
engineering student organizations, such as the National Society of Black Engineers (NSBE), are
student-driven and serve as effective interventions to help improve persistence and graduation
rates for historically excluded undergraduate engineering students.

In this study, we explore different quantitative methodological approaches (logistic regression and
survival analysis) to examine how various dimensions of involvement influence persistence. We
consider a local chapter of NSBE at a large, Midwestern historically and predominantly white
institution as a model student-driven intervention using a sample of 348 students. To understand
how involvement in NSBE influences persistence, we define two dimensions of involvement
within NSBE for our analysis: "time as a member" and "first-semester membership" as initial
proxies for time invested and energy expended by Black engineering student members. We found
a significant association between the length of time spent as a member of NSBE and the likelihood
of graduation with an Engineering degree, highlighting the need for a depth of involvement.
Interestingly, early involvement with NSBE was not associated with persistence to graduation in
this study. The results provide less explored insights into the impact of different dimensions of a
student-driven intervention on Black engineering student success and point to new quantitative
methodological approaches that may be used for any intervention to understand its impact on
student success. Next steps to expand on this work include adding more academic history control
variables, increasing sample size, and examining institution-driven interventions as variables. This
paper would be of interest to engineering educators, student support practitioners, institutional
leaders, and all engineering stakeholders invested in understanding the broader ecosystem of
student support, especially for interventions that serve historically marginalized students.



Introduction

In the United States, the engineering profession has historically and continues to exclude
and marginalize certain racial and ethnic populations, including Black, Latinx, and Native people.
The engineering profession was founded as a field of predominantly white men who have set the
demographic, narrative, and cultural norms [1]-[4] to the detriment of the equity and inclusion
ideals that leaders in the engineering field currently espouse [5], [6] and to the detriment of the
social and ethical responsibilities of the engineering field to serving our diverse communities. The
result of this foundational exclusion and its perpetuation is the phenomenon often referred to as
“underrepresentation” of these racial and ethnic populations in engineering education programs
and within the profession. For example, while Black individuals comprise around 12.5% of the
US population, they make up only about 6.0% of first year undergraduate engineering student body
in the US and only around 4.5% of the Bachelor degree awardees in engineering [6]. These
representation numbers from 2021 (the most recently available data) reflect persistent
“underrepresentation” that has remained almost unchanged over the past 20 years. Thus,
engineering maintains its status as a predominantly white discipline despite national calls to
broaden participation and diversity efforts at many levels. While “underrepresentation” often
serves as the quantitative basis for many broadening participation efforts, these numbers are only
one key status indicator — they only tell part of the story of demographic imbalance in engineering.

The historical and persistent exclusion seen in engineering is a multifaceted issue that has
its roots in the dissonance between engineering culture and the cultural identities of those who
have been historically excluded. Engineering culture can be defined as the knowledge, beliefs,
and practices resulting in an “engineering way of thinking, doing, and being” [7]. The enactment
of engineering culture is a major influence in how the field is perceived and how it is experienced.
For many who have been historically excluded from engineering, engineering culture both
implicitly and explicitly communicates that engineering does not align with their values or their
cultural identities. They may turn away from engineering because they do not see themselves
fitting into engineering spaces [5]. Furthermore, for individuals from historically marginalized
racial and ethnic groups working towards a career in engineering, the culture often feels isolating
and unwelcoming [8], diminishing their desire to continue in the field [9].

There has been a long history of implementing interventions to help historically excluded
students navigate the exclusionary culture of engineering. Within the context of individual higher
educational institutions, we categorize these activities as institution-driven interventions and
student-driven interventions. Institution-driven interventions sit within the university
infrastructure to support historically excluded groups to persist through engineering [10]-[12].
Prominent examples of institution-driven interventions for historically excluded racial and ethnic
groups include minority engineering program offices (or their equivalents) and other types of
diversity-focused engineering student support centers [13]. There are often symbiotic interactions
between the support offered by institutional actors and student-driven interventions built by and
for the students. Affinity engineering student organizations such as the National Society of Black
Engineers (NSBE) and the Society of Hispanic Professional Engineers (SHPE) are notable
interventions with strong student-driven components. Individuals from historically excluded



groups find additional sources of community and the means to develop agency through local
chapters of affinity engineering student organizations that center their racial and ethnic identities.
This is in contrast to the dominant engineering culture that centers whiteness. By recognizing,
affirming, and celebrating the race and ethnicity of historically marginalized students in an
engineering context, these organizations may offer more welcoming cultural environments and
help students manage some of the cultural dissonance they can experience within the dominant
engineering culture [14], [15].

There has been the emergence of literature demonstrating that student participation in
affinity engineering organizations, including collegiate chapter initiatives, serve as effective
student-driven interventions to help improve persistence and graduation rates for historically
excluded undergraduate engineering students [14], [16]-[21]. However, quantitative methods in
the current corpus of research are somewhat limited to “all-or-none” analyses to participation in
these organizations [18], [22]. As a first step to gaining further insight into how affinity
engineering organizations (or other interventions) may influence student persistence, we explore
insights and limitations of different quantitative methodological approaches to examine how
various dimensions of involvement influence persistence using a local chapter of NSBE as a model
student-driven intervention. Notably, NSBE is student-driven at the national and local collegiate
chapter levels. We selected Black engineering students as our focus for this study given the flat or
declining representation of Black students in engineering over the last twenty years and the
documented cultural hostility experienced by Black students in engineering as demonstrated in
prior qualitative and quantitative work [23], [24].

Educational theories that explore student involvement include Astin’s theory of student
involvement [25], Tinto’s theory of student departure [26], [27], and specifically in engineering
education, Lee and Matusovich’s model of co-curricular support (MCCS) [13]. These theories
point to structures that sit alongside the curriculum delivery and provide mechanisms that improve
student outcomes, accounting for the environment in which they are delivered. Astin’s theory helps
us consider the time and energy students spend within an intervention and the environment in
which it occurs. Student behaviors that suggest high student involvement can provide an
explanatory link between participation in an intervention and a specific outcome, such as student
retention. Another essential factor is students’ transition from home and pre-college to campus and
college education environments. In Tinto’s theory of student departure [26], [27], students’
perception of institutional fit within the social and academic systems of the university is a critical
component of student retention. Grounded in empirical data from engineering student support
centers that support undergraduate students from underrepresented groups (e.g., diversity
engineering programs), MCCS reconceptualizes integration to focus on “student awareness and
access to the resources that support success and retention” [28, p. 5], addressing interpretations of
Tinto’s model that to manage the cultural dissonance they may face students would need to
assimilate to the dominant culture. MCCS also expands the concept of integration to include
student interactions within social, academic, and professional subsystems in engineering
education, as well as the broader university environment. One function of a NSBE chapter, like a
diversity engineering program, is to increase members’ awareness and access to resources that
support their persistence within their degree programs. Combined, these theories help us



hypothesize that the time and energy spent by NSBE members in chapter activities that support
their social, academic, and professional integration in engineering education in culturally affirming
ways will increase the likelihood they persist in engineering.

As an initial, yet limited proxy for time invested and energy expended on Black engineering
student participation in a NSBE chapter, we considered participation in NSBE (paid chapter level
NSBE member) and number of years of NSBE participation. Due to the importance of first-year
transition, we also considered early participation in NSBE (participation in first semester).
Through these analyses, we explore the following research questions:

RQ1: To what extent do these dimensions of intervention involvement (participation in NSBE,
number of years of participation in NSBE, and early participation in NBSE) influence
whether Black students graduate from the Engineering degree program or leave without
an Engineering degree?

RQ2: For those Black students who leave without an Engineering degree, how does involvement
in NSBE influence persistence?

Data Sources: Description of Sample

We analyzed historical cohort data and local NSBE chapter data for Black engineering students
from a large, Midwestern historically and predominantly white institution (HPWI). To determine
whether participation in NSBE is associated with whether Black engineering students complete a
degree in Engineering at this institution or leave without one, a sample of 348 Black engineering
students who entered between Fall 2003 and Fall 2014 was used. IRB-exempt institutional and
NSBE chapter data was accessed through the NSBE chapter advisor and staff member. From Fall
2003, there was consistent NSBE chapter data collection coordinated between the chapter advisor
and chapter officers. When we made the data request, Fall 2014 cohort data was the most complete
dataset available to explore 6-year graduation rates. This dataset included only men and women as
gender categories and our analyses reflect this binary representation. The majority of students in
the sample were men (67 percent) and between the ages of 18 and 19. Of the total sample, 51
percent graduated with an Engineering Degree. Just under 40 percent of the total sample
participated in NSBE with nearly two-thirds of them participating in their first semester®. It is
noted that students who were still enrolled in an Engineering degree at the university at the time
of data collection were not included in any of our analyses because their final outcome was
unknown. Additionally, due to the very small number of students who entered the program at ages
17 years and 20 years, they were removed from further analysis to increase statistical power.

The characteristics of the Black Engineering students based on whether they graduated with a
degree in Engineering or not are presented in Table 1.

Table 1: Demographics by Students who Did Not Finish (DNF) the Engineering Degree vs
Graduated with an Engineering Degree

! Standard deviation is reported in parentheses



Characteristic DNF, N = 170! Graduated, N = 178!

Women 32% 34%

Age (years) 18.28 (0.45) 18.20 (0.40)
Participated in NSBE 28% 50%

No. of Years in NSBE 0.47 (0.91) 1.22 (1.50)

Participated in First

0 o)
Semester 18% 31%

1 96 ; Mean (SD)

Methodology

We use two approaches (logistic regression and survival analysis) to build quantitative models of
the data described above and explore the impact of the dimensions of this student-driven
intervention on persistence and graduation. The following sections describe the approaches in
detail.

Logistic regression

Logistic regression is an analytical method that is used when the dependent variable is binary (e.g.
yes or no), and the independent variables may be either quantitative or qualitative [29]. The
parameter estimates of the logistic model allow for the calculation of odds ratios. If the ratio is
positive, then the odds of the event happening increases. A value less than 1 suggests a reduction
in the odds of the event occurring. This method has been used to examine degree completion and
retention by students with disabilities [30], graduate students [31], [32], and undergraduate
students [33], [34].

In this paper, the students in our dataset either graduated with a degree in Engineering from this
institution (coded as 1) or is no longer in an Engineering degree program at this institution (coded
as 0). The model will include age and gender as control variables, while examining one of three
NBSE-related variables: (i) participation in NSBE; (ii) if the student participated in NSBE in the
first semester; (iii) the number of years the student participated in NSBE.

Survival Analysis



Survival analysis is usually used in health situations and the dependent variables is the length of
time before a patient “dies”. The aim is to determine the factors (e.g. demographic variables,
treatments) that influence the length of time persons survive after being diagnosed with a
condition. This family of methods is suitable in helping to determine the factors which are
associated with students’ persistence in a degree program because it allows for different groups of
students to be compared and the risk of a student leaving (analogous to a patient dying in a health
scenario) can be estimated for each semester or academic year [35]. The methodology has also
been used to examine the length of time undergraduate students spend in university degree
programs [36]—[38].

In our paper, the dependent variable is the length of time a student stays at the university before
leaving without an Engineering degree. As with the logistic regression, the same NSBE-related
and control variables are used. Only students who are known to have left the university without a
degree in Engineering are included in this analysis.

Two types of survival models are considered. The first is the Kaplan-Meier model, which is a
nonparametric, univariate approach to analysing survival times [39]. Using this model, each
independent variable may be analysed separately. The Kaplan-Meier model is best used with
categorical independent variables such as whether the student participated in NSBE or if they
participated in NSBE in their first semester.

To determine if the variable makes a significant difference in the length of time students spend at
the university before leaving without an Engineering degree, the Log Rank test is used [40]. A p-
value of 0.05 or less means that there is a significant difference in the time students spend in the
Engineering degree program at the university and it is used in conjunction with a plot of the
survival curves to determine which group spends the longer time. The higher curve represents the
group spending more time in the program before exiting. The median time each group spends in
the program is also calculated.

The second model, the Cox Proportional Hazard regression model, is also used to analyse the same
dataset. This semiparametric model allows for the inclusion of more than one independent variable
irrespective of whether it is categorical or quantitative [41]. In this model, each of the three NSBE-
related variables is included with age and gender.

In our survival analysis, we use hazard ratios to compare the likelihood of a student who
participated in NSBE leaving the university without an Engineering degree with that of a student
who did not participate in NSBE for a specified period. This ratio is assumed to be constant over
time in the Cox Proportional Hazard model and is adjusted for all other variables in the model. If
the hazard ratios are equal to one, it means that there is no difference between the treatment and
control group. If the ratio is greater than one, it means that the treatment group experiences the
event with a higher probability than the control group in a given period. The converse is true if
the ratio is less than one. Confidence intervals for each estimate are also presented for the hazard
ratios for each independent variable. If the lower confidence limit is less than one and the upper
confidence interval is greater than one for a given estimate, then the ratio is not considered to be



significantly different from one. This means that there is no difference in the length of time a
student who received the treatment versus one that was in the control group.

All analyses were conducted using R version 4.2.0 [42], and the following R packages for survival
analysis: survival [43]; survminer [44]. An independent variable with a p-value of 0.05 or less is
considered significant for all models.

Results

RQ1: To what extent do these dimensions of intervention involvement (participation in NSBE,
number of years of participation in NSBE, and early participation in NBSE) influence
whether Black students graduate from the Engineering degree program or leave without
an Engineering degree?

Logistic regression models were created to determine if students who participated in NSBE had
statistically significant higher odds of graduating with a degree in Engineering. Three logistic
regression models were developed. The dependent variable for all logistic models (Models 1 — 3)
is binary, where 1 = the student graduated with a degree in Engineering and 0 = the student left the
institution without a degree in Engineering.

The first model was used to determine if participation in NSBE at any point (Yes/No) is associated
with graduation from the university with a degree in Engineering (n = 348). Additionally, age and
gender are used as control variables. The results show that students who are members of NSBE at
some point during their tenure, have a 161% (=(2.61 — 1) * 100) increase in the odds of graduating
with a degree in Engineering (Table 2 — Model 1). These odds are statistically significant (p =
0.00003), unlike the control variables.

We used Model 2 to ascertain if early participation has any association with graduation or not.
Only students who were members of NSBE were included in this analysis (n = 136), with the
variable of interest being whether students participated in NSBE in their first semester of entering
the program. The same control variables were used. Participation in NSBE in the first semester
was not significantly associated with graduation (p = 0.811) (Table 2 — Model 2).

Given the significant relationship in Model 1, the third model examined whether the length of time
spent in NSBE was associated with graduation. As with Model 2, only students who participated
in NSBE are used in this analysis, and age and gender were again used as control variables. Model
3 results show that for every one-year increase in the student being a member of NSBE there is an
86% increase in the odds of graduating (=(1.86 — 1)*100) (Table 2 — Model 3).



Table 2: Logistic Regression Results

Dependent Variable:  Graduated with an Engineering Degree = 1 / Did Not Graduate with an Engineering Degree =0

Model 1 Model 2 Model 3

Predictors Odds Ratios Cl p Odds Ratios Cl p Odds Ratios Cl p
(Intercept) 0.81 0.58-1.13 0.218 2.59 1.31-5.43 0.008 0.68 0.28-1.61 0.384
Age Group 0.63 0.38—1.05 0.076 0.63 0.27 —1.49 0.285 0.72 030-176  0.465
(Ref. =19 Years)
Women 0.98 0.62 -1.57 0.947 0.69 0.33-1.43 0.316 0.65 0.30-1.41 0.274
Member of NSBE
(Ref. = Yes) 2.61 1.67 -4.12 <0.001 - - - - - -
Member of NSBE in
15t Semester - - - 0.91 0.42-1.93 0.811 - - -
(Ref. = Yes)
No of Years a
Member of NSBE - - - - - 1.86 1.31-2.76 0.001
Observations 348 136 136
Rz Tjur 0.061 0.018 0.106



RQ2: For those Black students who leave without an Engineering degree, how does involvement
in NSBE influence persistence?

As mentioned in the methodology, only students who did not graduate with an Engineering degree
are included in the survival analysis. Our goal is to determine the length of time students remain
enrolled in Engineering prior to leaving.

In general, the median length of stay in the Engineering degree program for students who did not
participate at all in NSBE is 3 semesters, while the median time for those who participated in
NSBE is 4 semesters.

The Kaplan-Meier analysis shows that there is a significant difference between the time spent in
the Engineering degree program by students who did not participate in NSBE and students who
did, with the latter staying longer (p = 0.00019). As shown in Figure 1, those who participated in
NSBE, represented by the higher blue curve, have higher probabilities of staying in the
Engineering program, when compared to those who did not participate in NSBE, represented by
the lower yellow curve.

Figure 1: Kaplan-Meier Survival Curves — Participation in NSBE (Yes/No)
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The Cox Proportional Hazards Model was analysed with gender (reference group = women), age
group (reference group = 19 years) and whether the student was a member of NSBE or not. Again,
the dependent variable is the time taken to leave the Engineering degree program without
graduating with this degree.

The results show that while gender and age group are not significant, students who participated in
NSBE have a significantly lower probability of leaving the Engineering program in a given
semester, when compared to those who did not participate in NSBE (p = 0.00055) (Figure 2). The



hazard ratio of 0.53 means that the odds of students leaving the university without an Engineering
degree in a given semester is almost two times (=1/0.53) higher for those who did not participate
in NSBE. In other words, students who participate in NSBE are almost 50% less likely to leave
in a given semester than those who do not.

Figure 2: Cox Proportional Hazard Model — Participation in NSBE (Yes/No), Women, Age 19
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The Kaplan-Meier survival analysis method was also used to determine if participating in NSBE
in the first semester resulted in a significantly longer time before persons left the university without
a degree. Of the 136 students who were in the Engineering program, only 47 did not graduate with
an Engineering degree and participated in NSBE. Based on this subset, there was no significant
difference in the probability of leaving without an Engineering degree at any given time (p = 0.31).
Additionally, as shown in Figure 3, the plot of the Kaplan-Meier survival functions shows an
overlap in the curves for those who participated in NSBE in their first semester and those who did
not.
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Figure 3: Kaplan-Meier Survival Curves - Participated in NSBE in First Semester
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The Cox Proportional Hazard analysis which controlled for gender and age, showed no evidence
that participation in NSBE in the first semester has an effect on the length of time that a student
remains in the program before leaving without a degree in Engineering (p = 0.506) (Figure 4).

Figure 4: Cox Proportional Hazard Model - Participated in First Semester (Yes/No), Women, Age
19
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Finally, the number of years students participated was also analysed to determine if the number of
years a student spent in NSBE was related to the length of time a student remained in Engineering
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at this university. Given that the independent variable in this case is quantitative, only a Cox
Proportional Hazard model was analysed.

As with participation in NSBE in the first semester, there was no evidence that the number of years
a student spends in NSBE is related to the length of time a student remains enrolled before leaving
the university without a degree in Engineering (p= 0.22) (Figure 5).

Figure 5: Cox Proportional Hazard Model — Number of years in NSBE, Women, Age 19
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In summary, participation in NSBE and the number of years that they participated in NSBE are
significantly associated with whether Black engineering students from a large, Midwestern HPWI
graduate with an Engineering degree. Furthermore, for Black engineering students that leave
without a degree in Engineering, participation in NSBE lengthened their median time of stay in
the program by one semester and NSBE members were almost 50% less likely to leave in a given
semester than those who did not.

Limitations

The variables we had access to in this dataset, gave limited information on the students’ academic
history. Therefore, we could not control for other potentially meaningful factors, such as academic
indicators. This could have contributed to the low discriminating power, represented by the Tjur
R-Squared, which measures the goodness of fit of the model [45].
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Another potential limitation is the small sample size (n = 47) of students who were members of
NSBE but did not complete their Engineering degree at this university for the survival analysis. A
larger sample size would increase the power of the model and allow for more concrete conclusions.

Furthermore, this study is focused on Black engineering student participation at one HPWI, so
inferences of Black engineering student persistence following similar trends at other institutions
or institutional contexts are limited.

Additionally, other variables of interest that could help us explore levels of involvement in more
nuanced ways are not part of current archival records. Opportunities for future data collection
exploring NSBE chapter involvement include participation in specific programs, activities, and
services offered by the chapter and student involvement in leadership positions at the
organization's chapter, regional, and national levels.

Discussion

The purpose of this study was to employ quantitative methods to explore how different dimensions
of an intervention for historically excluded populations may impact persistence and graduation of
students. The specific analysis within this study gives an exploratory quantitative perspective on
the relationship between Black engineering students’ participation in NSBE (a student-driven
intervention) and graduation or persistence in an Engineering degree program at a HPWI.

As with many studies in this space, at a high level, our results align with Astin’s theory of student
involvement [25] Tinto’s theory of student departure [26], [27], and the Model of Co-Curricular
Support [13] which suggest that higher levels of student involvement and greater connection with
the institution improve student persistence. In our study, we explore one specific intervention (a
NSBE chapter) more deeply by defining two additional dimensions of involvement within that
specific intervention. First, we use “time as a member of NSBE” as a proxy for “higher level of
involvement”. Additionally, we use “first-semester NSBE membership” as a proxy for “early
involvement”. Prior work has demonstrated that participation in NSBE and other affinity
engineering organizations is associated with greater persistence of historically excluded racial and
ethnic groups [14], [16]-[20]. Building on that work, we additionally found a significant
association between the length of time spent as a NSBE member (higher level of involvement) and
the likelihood of graduation with an Engineering degree at this particular institution. This
underscores that there is a depth of involvement that is needed for this intervention to be effective
for persistence to graduation. Practically, this observation may be applicable to other interventions
as well. Interestingly, we did not find an association between “early involvement” with NSBE as
defined by “first semester NSBE membership” and graduation with an Engineering degree in this
study. On its face, this quantitative finding suggests that establishing early community in this
specific local NSBE chapter is not associated with persistence to Engineering degree. However,
as noted in the introduction, there are often symbiotic interactions between institution-driven and
student-driven interventions. There is potentially a pathway from other early community-building
interventions that lead into NSBE. Further, refinement of the “early involvement” definition,
along with consideration of other interventions in the model, may yield additional insights into this
phenomenon.
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In this study, we also use survival analysis as a method to probe how the dimensions of
involvement in an intervention impact student persistence among those who eventually leave.
Survival analysis offers a powerful set of statistical techniques derived from the medical field that,
when applied to education, enable the examination of attrition patterns of students. Our primary
findings from this analysis are that, among the Black students who don't graduate with an
Engineering degree, NSBE members tended to stay longer in their academic program before
leaving. The other dimensions of involvement in the intervention (length of time as a member and
early involvement) have no significant impact on this measure. While survival analysis could be
applied to the entire population of students to assess the overall risk of leaving engineering, we
investigated persistence time for those who did leave engineering. One may ask, “Why do we care
about the impact of an intervention if someone eventually leaves engineering?” We posit that this
type of analysis offers greater insight for further qualitative study of the intervention to understand
why student involvement and deeper engagement in NSBE may lengthen their stay at an
institution. Qualitative analyses could inform how educators may focus efforts to increase the
likelihood that Black Engineering students graduate with their desired degree as there is a longer
window of time to intervene. Further, the analyses provide information on when the risk of leaving
is highest, which offers opportunities for more targeted interventions.

The results of this study provide a more granular view of the impact of different dimensions of a
student-driven intervention (a NSBE chapter) on the persistence and graduation of Black
Engineering students. The analyses provided offer new insights into how the length of
involvement with NSBE is significantly associated with the graduation of Black students with
Engineering degrees and that involvement in NSBE extends the time before leaving Engineering
for those who do decide to leave. Beyond the new information on Black Engineering student
success offered here, this study points to different quantitative methodological approaches that
may be used for any type of intervention to understand its impact on student success. Further work
to build from the methods and results from this study will include: adding more control variables
to the quantitative model including previous academic history; increasing sample size with
additional cohort data made available since the beginning of this study; adding institution-driven
interventions into the model such as involvement in diversity Engineering programs; and mixed
methods studies to gain greater insights into our findings.

14



References

[1]

[2]
[3]

[4]

[5]
[6]
[7]
[8]

[9]

[10]

[11]

[12]

[13]

A. L. Pawley, “Shifting the ‘Default’: The Case for Making Diversity the Expected
Condition for Engineering Education and Making Whiteness and Maleness Visible,” J.
Eng. Educ., vol. 106, no. 4, pp. 531-533, 2017, doi: 10.1002/jee.20181.

A. L. Pawley, “Shift the default in ‘broadening participation’ in STEM equity research,”
Int. J. Gend. Sci. Technol., vol. 11, no. 3, Art. no. 3, 2019.

S. Secules, “Putting Diversity in Perspective: A Critical Cultural Historical Context for
Representation in Engineering,” presented at the 2017 ASEE Annual Conference &
Exposition, Jun. 2017. Accessed: Mar. 01, 2022. [Online]. Available:
https://peer.asee.org/putting-diversity-in-perspective-a-critical-cultural-historical-context-
for-representation-in-engineering

S. Secules, “Making the Familiar Strange: An Ethnographic Scholarship of Integration
Contextualizing Engineering Educational Culture as Masculine and Competitive,” Eng.
Stud., vol. 11, no. 3, pp. 196-216, Sep. 2019, doi: 10.1080/19378629.2019.1663200.

W. W. Wulf, “Diversity In Engineering,” Leadersh. Manag. Eng., vol. 1, no. 4, pp. 31-35,
Oct. 2001, doi: 10.1061/(ASCE)1532-6748(2001)1:4(31).

American Society for Engineering Education, “Engineering and Engineering Technology
by the Numbers 2019,” Washington, DC, 2020.

E. Godfrey and L. Parker, “Mapping the Cultural Landscape in Engineering Education,” J.
Eng. Educ., vol. 99, no. 1, pp. 5-22, 2010, doi: 10.1002/}.2168-9830.2010.tb01038.x.

C. E. Foor, S. E. Walden, and D. A. Trytten, “‘I Wish that I Belonged More in this Whole
Engineering Group:” Achieving Individual Diversity,” J. Eng. Educ., vol. 96, no. 2, pp.
103-115, 2007, doi: 10.1002/j.2168-9830.2007.tb00921.x.

A. Byars-Winston, Y. Estrada, C. Howard, D. Davis, and J. Zalapa, “Influence of social
cognitive and ethnic variables on academic goals of underrepresented students in science
and engineering: A multiple-groups analysis.,” J. Couns. Psychol., vol. 57, no. 2, p. 205,
Apr. 2010, doi: 10.1037/a0018608.

S. J. Austin, D. Dickerson, A. Freeman, E. (Rick) Ainsworth, and V. B. Womack,
“Diversity Professionals’ Perspectives on Building Belonging in STEM Education: 50
Years of Lessons Learned,” in Implementing Diversity, Equity, Inclusion, and Belonging in
Educational Management Practices, IGI Global, 2022, pp. 77-94. doi: 10.4018/978-1-
6684-4803-8.ch005.

J. Buckley et al., “The MEP Census: Characterizing Essential Programmatic and
Intrastructural Elements of Minority Engineering Programs (MEP) Nationwide,” presented
at the 2019 ASEE Annual Conference & Exposition, Jun. 2019. Accessed: Feb. 02, 2023.
[Online]. Available: https://peer.asee.org/the-mep-census-characterizing-essential-
programmatic-and-intrastructural-elements-of-minority-engineering-programs-mep-
nationwide

D. Dickerson, F. Solis, V. B. Womack, T. Zephirin, and C. S. Stwalley, “Can an
engineering summer bridge program effectively transition underrepresented minority
students leading to increased student success?,” in ASEE Annual Conference and
Exposition, Conference Proceedings, 2014.

W. C. Lee and H. M. Matusovich, “A Model of Co-Curricular Support for Undergraduate
Engineering Students,” J. Eng. Educ., vol. 105, no. 3, pp. 406-430, Jul. 2016, doi:
10.1002/jee.20123.

15



[14] J. P. Martin, R. A. Revelo, S. K. Stefl, S. D. Garrett, and S. G. Adams, “Ethnic Student
Organizations in Engineering: Implications for Practice from Two Studies,” presented at the
2016 ASEE Annual Conference & Exposition, Jun. 2016. Accessed: Feb. 12, 2023.
[Online]. Available: https://peer.asee.org/ethnic-student-organizations-in-engineering-
implications-for-practice-from-two-studies

[15] K. Thomas, B. C. Coley, M. L. Greene, and J. S. London, “Black Faces, White Spaces:
Understanding the Role of Counterspaces in the Black Engineering Graduate Student
Experience,” 2021.

[16] T. Zephirin, “Integration Outcomes and Cultural Capital in a NSBE Chapter,” presented at
the 2019 CoNECD - The Collaborative Network for Engineering and Computing Diversity,
Apr. 2019. Accessed: Jan. 04, 2023. [Online]. Available: https://peer.asee.org/integration-
outcomes-and-cultural-capital-in-a-nsbe-chapter

[17] D. Dickerson and T. Zephirin, “Exploring the association of a cultural engineering student
organization chapter with student success,” in ASEE Annual Conference and Exposition,
Conference Proceedings, 2017.

[18] M. S. Ross and S. McGrade, “An exploration into the impacts of the National Society of
Black Engineers (NSBE) on student persistence,” in ASEE 123rd Annual Conference &
Exposition, 2016.

[19] R. A. Revelo, “Culturally situated survey of engineering identity for Latina/o
undergraduates,” in 2015 IEEE Frontiers in Education Conference (FIE), Oct. 2015, pp. 1-
5. doi: 10.1109/FIE.2015.7344394.

[20] R. A. Revelo, “Engineering Identity Development of Latina and Latino Members of the
Society of Hispanic Professional Engineers,” presented at the 2015 ASEE Annual
Conference & Exposition, Jun. 2015, p. 26.629.1-26.629.13. Accessed: Feb. 28, 2023.
[Online]. Available: https://peer.asee.org/engineering-identity-development-of-latina-and-
latino-members-of-the-society-of-hispanic-professional-engineers

[21] T. Zephirin and B. Jesiek, “WIP: Unpacking the Black Box: How does a Cultural
Engineering Student Organization Support the Persistence of Students of Color?,” in 2018
ASEE Annual Conference & Exposition Proceedings, Salt Lake City, Utah: ASEE
Conferences, Jun. 2018, p. 31255. doi: 10.18260/1-2--31255.

[22] C. A. S. Smith et al., “Social Capital From Professional Engineering Organizations and the
Persistence of Women and Underrepresented Minority Undergraduates,” Front. Sociol.,
vol. 6, 2021, Accessed: Apr. 14, 2023. [Online]. Available:
https://www.frontiersin.org/articles/10.3389/fsoc.2021.671856

[23] M. J. Lee, J. D. Collins, S. A. Harwood, R. Mendenhall, and M. B. Huntt, “‘If you aren’t
White, Asian or Indian, you aren’t an engineer’: racial microaggressions in STEM
education,” Int. J. STEM Educ., vol. 7, no. 1, p. 48, Sep. 2020, doi: 10.1186/s40594-020-
00241-4.

[24] E. O. McGee and D. B. Martin, ““You Would Not Believe What I Have to Go Through to
Prove My Intellectual Value!” Stereotype Management Among Academically Successful
Black Mathematics and Engineering Students,” Am. Educ. Res. J., vol. 48, no. 6, pp. 1347—
1389, Dec. 2011, doi: 10.3102/0002831211423972.

[25] A. W. Astin, “Involvement the Cornerstone of Excellence,” Change Mag. High. Learn.,
vol. 17, no. 4, pp. 35-39, Aug. 1985, doi: 10.1080/00091383.1985.9940532.

16



[26] V. Tinto, Leaving College: Rethinking the Causes and Cures of Student Attrition. Second
Edition. University of Chicago Press, 5801 South Ellis Avenue, Chicago, IL 60637 ($24,
1993.

[27] V. Tinto, “Research and Practice of Student Retention: What Next?,” J. Coll. Stud. Retent.
Res. Theory Pract., vol. 8, no. 1, pp. 1-19, May 2006, doi: 10.2190/4YNU-4TMB-22DJ-
AN4W.

[28] W. C. Lee, A. Godwin, and A. L. H. Nave, “Development of the Engineering Student
Integration Instrument: Rethinking Measures of Integration: Rethinking Measures of
Integration,” J. Eng. Educ., vol. 107, no. 1, pp. 30-55, Jan. 2018, doi: 10.1002/jee.20184.

[29] A. Agresti, Categorical Data Analysis, vol. 792. John Wiley & Sons, 2012,

[30] J. T. Herbert, B. S. S. Hong, S. Byun, and W. Welsh, “Persistence and Graduation of
College Students Seeking Disability Support Services,” J. Rehabil., vol. 80, no. 1, pp. 22—
32, 2014.

[31] S. W. Pyke and P. M. Sheridan, “Logistic Regression Analysis of Graduate Student
Retention,” Can. J. High. Educ., vol. 23, no. 2, pp. 44-64, Aug. 1993, doi:
10.47678/cjhe.v23i2.183161.

[32] G. Gittings, M. Bergman, B. Shuck, and K. Rose, “The Impact of Student Attributes and
Program Characteristics on Doctoral Degree Completion,” New Horiz. Adult Educ. Hum.
Resour. Dev., vol. 30, no. 3, pp. 3-22, 2018, doi: 10.1002/nha3.20220.

[33] R. Ahuja and Y. Kankane, “Predicting the probability of student’s degree completion by
using different data mining techniques,” in 2017 Fourth International Conference on Image
Information Processing (ICIIP), Dec. 2017, pp. 1-4. doi: 10.1109/ICI1P.2017.8313763.

[34] C. Moller-Wong and A. Eide, “An Engineering Student Retention Study,” J. Eng. Educ.,
vol. 86, no. 1, pp. 7-15, Jan. 1997, doi: 10.1002/j.2168-9830.1997.tb00259.x.

[35] Y. Min, G. Zhang, R. A. Long, T. J. Anderson, and M. W. Ohland, “Nonparametric
Survival Analysis of the Loss Rate of Undergraduate Engineering Students,” J. Eng. Educ.,
vol. 100, no. 2, pp. 349-373, 2011, doi: 10.1002/j.2168-9830.2011.tb00017.x.

[36] P. A. Murtaugh, L. D. Burns, and J. Schuster, “Predicting the Retention of University
Students,” Res. High. Educ., vol. 40, no. 3, pp. 355-71, 1999.

[37] P. M. Radcliffe, R. L. Huesman, and J. P. Kellogg, “Modeling the Incidence and Timing of
Student Attrition: A Survival Analysis Approach to Retention Analysis,” 2006.

[38] R. Villano, S. Harrison, G. Lynch, and G. Chen, “Linking early alert systems and student
retention: a survival analysis approach,” High. Educ., vol. 76, no. 5, pp. 903-920, Nov.
2018, doi: 10.1007/s10734-018-0249-y.

[39] E. L. Kaplan and P. Meier, “Nonparametric Estimation from Incomplete Observations,” J.
Am. Stat. Assoc., vol. 53, no. 282, pp. 457-481, 1958.

[40] R. Peto and J. Peto, “Asymptotically Efficient Rank Invariant Test Procedures,” J. R. Stat.
Soc. Ser. Gen., vol. 135, no. 2, p. 185, 1972, doi: 10.2307/2344317.

[41] D. R. Cox, “Regression Models and Life-Tables,” Cox R 1972 Regres. Models Life-tables
J. R. Stat. Soc. Ser. B Methodol., vol. 34, no. 2, pp. 187-202, 1972.

[42] R Core Team, “R: A language and environment for statistical computing.” R Foundation
for Statistical Computing, Vienna, Austris, 2022. [Online]. Available: URL https://www.R-
project.org/

[43] T. Therneau, “A Package for Survival Analysis in R.” 2022. [Online]. Available:
https://CRAN.R-project.org/package=survival

17



[44] A.Kassambara, M. Kosinski, and P. Biecek, “survminer: Drawing Survival Curves using
‘ggplot2.” 2021. [Online]. Available: https://CRAN.R-project.org/package=survminer

[45] T. Tjur, “Coefficients of Determination in Logistic Regression Models—A New Proposal:
The Coefficient of Discrimination,” Am. Stat., vol. 63, no. 4, pp. 366-372, Nov. 2009, doi:
10.1198/tast.2009.08210.

18



