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Academic and Demographic Cluster Analysis of
Engineering Student Success

Farshid Marbouti , Jale Ulas, and Ching-Ho Wang

Abstract—Contribution: This article uses student semester
grade point average (GPA) as a measure of student success to take
into account the temporal effects in student success. The findings
highlight the student performance based on their demographic
status and use of university resources such as financial aid.
College campuses should not only increase current resources but
also raise awareness of current resources and make them more
accessible (e.g., easier to apply or automatic applications). This
is especially important for some demographics such as Hispanic
first-generation students.

Background: Higher education institutions are facing reten-
tion and graduation problems. One way to improve this is by
understanding why students are not academically successful.

Research Questions: In this study, demographic information
and past academic records were analyzed to understand patterns
of student success.

Methodology: A cluster analysis was conducted to understand
groups of students based on academic performance and demo-
graphic information. Examples of these factors are enrollment
status, financial status, first-generation status, housing status, and
transfer status. For the purpose of getting more accurate results,
the students were separated into two different groups according
to their admission status: 1) freshman and 2) transfer.

Findings: The results indicate Hispanic, first-generation, low-
income students are not likely to apply for financial aid although
they are eligible. They have lower GPA and take fewer units per
semester than other students. This can cause delayed graduation
and accumulating more debt.

Index Terms—Clustering methods, data mining, engineering
education, machine learning, student success.

I. INTRODUCTION

H IGHER education is becoming more significant overtime
as more people begin pursuing a bachelor’s or even mas-

ters’ degree in their lifetimes. Moreover, one of the America’s
goals is to achieve the highest proportion of college grad-
uates in the world [1]. However, institutions are facing the
problems with students’ academic retention and graduation.
Within these challenges, educational data mining has recently
become a popular research topic. Institutions are interested
in figuring out the potency of data to predict students’ aca-
demic performance. In order to achieve a better educational
performance, universities are interested in graduating students
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based on a plan. Most students enter college with a four-year
graduation plan. However, the plan may be extended due to
several reasons, such as a change of major, academic sus-
pension, or poor learning performance [2]. In this situation,
students may have less work experience compared to those
who will graduate on time, and they may need to pay more
tuition in their academic life. Therefore, understanding the stu-
dent learning performance could help the colleges in assisting
their students to academically succeed.

II. LITERATURE REVIEW

To perform this study, the authors identified the factors
related to the university’s engineering context and investigated
them in terms of student success. These factors include eth-
nicity, housing, financial aid, first-generation status, transfer
status, and enrollment status (full or part time). In this sec-
tion, the university’s context and the previous research on how
these factors relate to student success are reviewed. The ele-
ments of student success in the review are identified as grade
point average (GPA), retention, and graduation rates.

A. Ethnicity and Gender

In the college of engineering at San Jose State
University (SJSU), 43% students identified themselves as
Asian, 21% white, 21% Hispanic, 3% black, 1% pacific
islander, 0.2% American Indian, and 3% unknown. The gender
breakdown shows that 83% were male, 15% female, and 2%
unknown. For the purpose of this study, the students who are
identified as Asian, White, and Hispanic are presented since
these three ethnicity groups form the majority of the student
body in the college of engineering.

In general, research has identified male students to have
higher retention rates when compared to their female peers [3].
The probability of persistence is lower for Latino stu-
dents, and higher for Asian students compared to their
White peers [4]. Furthermore, White students have higher
retention rates compared to black students [5]. Female
Hispanic students are at a greater risk of leaving college
compared to Hispanic male or white students [6]. Males
and/or nonminority students are more likely to graduate in
Science, Technology, Engineering, and Mathematics (STEM)-
related degrees compared to females and/or minority
students [7].

B. Housing

The city of San Jose has one of the highest costs of living
in the country [8] and anecdotally, due to the high rents, it is
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known that many of the students are likely to live with their
parents, especially if they are local. Other students may also
struggle with homelessness. Fortunately, there is evidence of
increased student-centered food distribution on campus, new
Student Homelessness Association clubs, and providing 24 h
of library access to accommodate homeless students. Current
university policy mandates freshmen to live on campus during
their first year if they live over 30 miles away.

Students’ living arrangements have influence on reten-
tion, academic performance, and graduation rates. A study
involving the housing arrangement of 103 science major
students showed that retention rates increased for students
who lived in close proximity with other science majors [9].
Living on campus rather than off campus increases the prob-
ability of persistence to degree completion [4], [10]. Off
campus residency also negatively influences black students’
academic performance and participation in advisory and tuto-
rial programs [11]. Results of an interview of 34 first-year
students revealed that students who do not live on campus
found it more difficult to make friends or have a social life
at the university [12]. Compatible friendships help improve
retention because it creates an emotional support system.

C. First-Generation Status

About 25% of the students in the college of engineer-
ing have parents who did not receive a college degree. As
a result, these first-generation students are likely to have
a lower engagement when compared to non-first-generation
students. Studies showed that first-generation students have
lower interactions with faculty members, contributions in class
discussions, and questions asked during class [13]. While
some studies show different 4th-year retention rates [14] and
persistence to degree along with family income [4], first to
second retention rates do not differ for first-generation and
non-first-generation students [14]. A one-credit course for
freshman students’ parents at Wichita State University showed
positive results on students’ retention [15]. The goal of this
course was to enable parents to give more useful advice and
support to their college freshman children. Retention rates
would significantly increase if students have parents who have
successfully completed this course. Parents reported that hav-
ing insights about the university environment and courses
helped them to give advice to the students [15].

D. Financial Status and Aid

The city of San Jose has some of the highest levels of
income inequality in the country; therefore, students vary sig-
nificantly in terms of financial status. One factor of poverty
amongst the students is the level of food insecurity. A recent
study found that 43% of students have faced food insecurity,
and the students who faced food insecurity were over four
times as likely to receive lower grades and drop courses. In
response, there has been an increase of food banks aimed at
providing food to students on campus.

Family income has been shown to influence graduation
rates. Students from higher income families are more likely
to graduate when compared to students from lower income
families [5]. For female students, the mother’s education level
and family income are positively related to retention [16].

Also, while parental education is positively related to stu-
dent success, divorced or separated parents are negatively
related [17].

As a measure to determine economic status, need-based
financial aid through the Pell grant was explored, which is
a U.S. government grant based on student financial need.
Financial aid has a significant impact on retention rates.
Students who receive gifts, loans, or work-study income have
higher retention rates; the higher the amount of the aid, the
more likely the student stays in college [7], [14]. Furthermore,
a grant or gift type of aid creates a positive impact on reten-
tion rates [5]. For these reasons, the student’s socioeconomic
status is correlated to retention [4].

III. RESEARCH PURPOSE AND QUESTION

This study aims to find patterns of student success by
analyzing eight years of student demographic and academic
data to enable higher education institutions to improve student
success. To be able to take into account temporal changes for
each student, the semester GPA was used as a measure of suc-
cess in the semester. This study aims to answer the following
research question.

1) What are clusters and characteristics of student suc-
cess groups based on their demographic and academic
information?

2) What are the practical implications of these clusters?

IV. METHODS

A. Data

The dataset used in this study consisted of 12 053 stu-
dents’ demographic information and academic performance.
These students were enrolled in the College of Engineering
from Spring 2009 to Fall 2016. Most of the students in
the collected data were male—which contained 85% of the
participants—and the remaining 15% were female. Age of
the students ranged from 15 to 67 but the majority age was
20. The university has ethnic diversity, including 43% Asians,
21% Hispanics, and 21% Whites. A relatively high percent of
students, 37%, were transfer students.

Demographic and academic information were both included
in the analysis. The demographic information included gender,
age, ethnicity, first-generation, financial aid eligibility, hous-
ing, and Pell eligibility. For the academic information, the
data involved department, high school GPA, scholastic assess-
ment test (SAT) or American college testing (ACT) scores,
and semester GPA. However, the different methods of admis-
sion (i.e., freshman or transfer) could affect student success.
Therefore, the data were separated into two different groups
by students’ method of entry into the university (Table I).

To better understand the immediate effects of factors in
student performance and to consider the temporal effects,
the semester GPA was used in this study. Each student
data demonstrated the performance within multiple semesters.
The datapoints included 32 958 freshman student semester
data and 18 330 transfer student semester data, which had
51 288 student semester data in total.
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TABLE I
DATA FOR FRESHMAN AND TRANSFER STUDENTS

B. Cluster Analysis

Bisecting k-means clustering [18] was used in this study,
which is a variated clustering algorithm of the k-means algo-
rithm. It combines the idea of k-means clustering and hierar-
chical clustering, which can improve the performance penalty
problem caused by the random initialization of centroids in k-
means clustering. The most different part in bisecting k-means
is that it takes one cluster with the worst data similarity and
separates it into two new different clusters in each iteration.
In this situation, sum of squared errors (SSE) is a good vali-
dation method to find the data similarity in each cluster. The
experiments in [18] show that the bisecting k-means algorithm
has a better clustering performance than the k-means algo-
rithm. The reason is that bisecting k-means focuses more on
the global minima than the local minima in each cluster.

One important question in clustering is how to choose the
appropriate number of clusters while running the algorithm.
For the purpose of finding the best number of clusters, the
results with different numbers of clusters (from 2 to 10) were
compared. As the basic concept of clustering, the goal is try-
ing to make the total within-cluster sum of squares (WSSs) as
minimum as possible. For both freshman and transfer student
clusters, the total WSS decreases when the number of clusters
increases. However, it was difficult to say when to stop adding
another cluster. Therefore, to determine the ideal number in
clusters, the Elbow method [19] was used. The Elbow method
looks at the total WSS and stops when it does not have a great
improvement upon adding a new cluster. The slope between
each iteration with a different number of clusters was calcu-
lated (Table II). The location of the knee, where the slope
becomes smoother in the curve, is 5 clusters in the fresh-
man group and 6 clusters in the transfer group (highlighted in
Table II). Therefore, five clusters and six clusters were used
in this project as the appropriate number of clusters for the
freshman group and the transfer group, respectively.

C. Statistical Tests

It was important to find out whether the clusters were
different than each other after clustering. The analysis of
variance (ANOVA) [20], an omnibus test, tested the data as
a whole and indicated that the mean value of each cluster
was different somewhere in the model. The ANOVA test of

TABLE II
SLOPE WSS (HIGHLIGHTED CELLS SHOW CHANGE IN THE SLOPE)

the five clusters in the freshman group and six clusters in the
transfer group results were significant (p < 0.001). In this situ-
ation, the ANOVA test showed that there was an overall effect
of significant differences in the clustering results. However,
the test did not point out which two clusters are significantly
different. In order to find out where the difference was, the
post-hoc test was used.

Post-hoc testing, comparing all groups against each other
in the clustering results, would help verify which two clusters
were significantly different. Bonferroni correction [21] was
implemented to help analyze the clustering results. Bonferroni
is used to prevent data from incorrectly appearing to be sta-
tistically significant. Bonferroni correction would do multiple
t-tests with a new alpha value, 0.05 divided by the number
of clusters in the group. The two clusters were considered
different if the p-value is smaller than the new alpha value.

V. RESULTS AND DISCUSSION

A. Size of Clusters

In order to have a better understanding of the clusters, the
size of each cluster is an important factor to interpret the
data distribution. The pie charts in Fig. 1 present the size of
each cluster. As described in the methods section, the data used
in this study are student data across semesters. The datapoints
included 51 288 student semester data in total; 32 958 fresh-
man student semester data and 18 330 transfer student semester
data. Each slice has two numbers, the first number is the total
number of datapoints (i.e., student semester) in the cluster,
and the second number is the percentage in the group. The
results were named and sorted by the average of the semester
GPA in each cluster. Thus, students in cluster 1 had the lowest
average semester GPA and students in cluster 5 (for freshmen
students) and cluster 6 (for transfer students) had the highest
average semester GPA.

For freshman students, cluster 4 is the largest cluster con-
taining about one third of the student semesters for this group,
followed by cluster 3 and cluster 2 which each contains about
a quarter of the student semesters. The smallest cluster is clus-
ter 1 which contains only 5% of the student semesters. For
transfer students, cluster 2 and cluster 3 were the smallest
clusters with 5% and 6% of the student semesters, respec-
tively. The largest cluster was cluster 6 containing about one
third of the student semesters in this group. Cluster 1 and clus-
ter 4 consisted of 17% of the student semesters, and cluster
4 contained about one third of them.
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Fig. 1. Size of each cluster for freshman and transfer student groups.For
each cluster, the first number is the number of student semester datapoints in
each cluster, and the second number is the percentage in that group.

B. Freshman Students

Table III shows the clustering results with their optimal
number of clusters for the freshman students. As mentioned
earlier, the results were named and sorted by the average of
the semester GPA in each cluster. Each column in the tables
represented the majority identification of students in ethnicity,
gender, first-generation status, Pell eligibility, housing, depart-
ment, application for financial aid, age, units taken, disbursed
amount, high school GPA, SAT/ACT score, transfer GPA, and
semester GPA.

For the freshman group, male students were the majority
in all clusters. Thus, gender was not a discriminating fac-
tor for freshmen. Cluster 1 was the smallest cluster and was
dominantly Hispanic, while other clusters were mostly Asians.
Although the Hispanic cluster students were Pell eligible, they
did not apply for financial aid. Prior research suggests a vari-
ety of reasons for why students may not apply to financial
aid. This might be related to lack of knowledge or late notice
on their eligibility for financial aid services, difficulties in
knowing how to apply them, and complexity of the appli-
cation process or forms which may cause missing deadlines
[22]–[27]. This cluster also had the lowest GPA among all.
The average age for this group was 18.65 years, which was
also lower than the other groups. Students in this group also
took fewer courses/credits compared to other groups, taking

TABLE III
CLUSTERING RESULT IN FRESHMAN GROUP

about 11 credits per semester on average. This may be due
to the fact that students were working to cover school costs.
Longerbeam et al. [28] found that Latino students are more
concerned about financing their education; therefore, they are
more likely to work, work longer hours, and even drop out of
college due to financial reasons. Thus, it is not surprising that
academic progress would be slower for these students than
other students.

Students in cluster 1 lived on campus. However, despite
what the literature suggests, their performance was not bet-
ter than other groups of students who lived off campus. This
aligns with prior research which indicates that living on or off
campus demonstrates a limited effect on student success [29].
Also, as stated earlier, due to the university policy on housing,
the freshman students whose families live more than 30 miles
away from campus have to live on campus in their first year.
This means, the students in cluster 1 were mainly the first-
year students who were possibly struggling with the stress of
transition from high school to university [30]. Furthermore,
Hispanic students may have more stress than other ethnic
groups in the university [31]. These two factors might have
exacerbated the problem for cluster 1 and caused a lower
GPA when compared to other clusters’ GPAs.

Similar to cluster 1, cluster 2 students were also Pell eligi-
ble, but they applied and received financial aid. They enrolled
in more courses compared to the other groups; thus, they were
more likely to complete their degree in time. Both cluster 1
and cluster 2 had lower SAT/ACT scores and university GPAs
than other clusters. Even though cluster 3 students were not
eligible for the Pell grant, they applied and received other
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TABLE IV
CLUSTERING RESULT IN TRANSFER GROUP

forms of financial aid. This might have helped them to take
more courses, similar to cluster 2. Clusters 2 and 3 were sim-
ilar in many aspects, while the main difference between them
was Pell eligibility. Financial status might be one of the main
reasons that cluster 2 students performed poorer than cluster
3 students. Clusters 4 and 5 together consisted of almost half
of the students. Students in these clusters were not eligible for
financial aid. Their university GPA and SAT/ACT scores were
highest among all freshman groups.

C. Transfer Students

Table IV shows the clustering results with their optimal
number of clusters for transfer students. The results were
named and sorted by the average of the semester GPA in
each cluster. Similar to freshman groups, transfer students’
gender was not a discriminating factor. All clusters were pre-
dominantly male students. One cluster, cluster 3, consisted
of mostly Hispanic students while other clusters consisted of
mostly Asians. Cluster 3 consisted of Hispanic first-generation
students who did not apply for financial aid. Similar to clus-
ter 1 in freshman clusters, this might be related to lack of
knowledge or late notice on their eligibility for financial aid
services, difficulties in knowing how to apply for them, and
complexity of the application process or forms, which may
cause missing deadlines [22]–[27]. Furthermore, transfer stu-
dents in cluster 3 took fewer courses/credits compared to other
groups. Students in cluster 3 were older than other transfer stu-
dents. A combination of age, which is likely correlated with
more responsibility, and low-income status were perhaps the
main factors for cluster 3 transfer students to perform worse
than clusters 4–6.

TABLE V
Post-Hoc ANALYSIS RESULTS

With the exception of cluster 3, all other clusters were
mostly Asians. Students in these clusters also took 11–12 units
per semester, which can help them to progress and gradu-
ate faster than students in cluster 3. Majority of students in
all clusters lived off-campus. Thus, unlike freshmen students,
housing status was not a discriminating factor for transfer
students.

D. Cluster Comparison

Table V shows the results of the post-hoc analysis in the
freshman and transfer groups based on their semester GPA. In
the freshman group, according to the post-hoc test, all clusters
were different, except cluster 1 to cluster 2 and cluster 4 to
cluster 5. In the transfer group, clusters 1–3 were different than
clusters 4–6. These results separate the freshman students in
at least three different performance groups and transfer stu-
dents into two performance groups. In both cases, Hispanic
students who did not apply for financial aid and enrolled in
fewer units were in the low performance groups. Most students
in these clusters were also first-generation students. This sit-
uation points to the lack of cultural capital needed for these
students to navigate the university life [32], which means they
need more support and mentoring from faculty and staff during
this time to be academically successful [33]–[36].

VI. CONCLUSION

This study utilized a cluster analysis to analyze student success
patterns by using their demographic information and academic
performance. In order to achieve better results, students were
separated into two different groups by their method of admis-
sion (i.e., freshman or transfer). Bisecting k-means was used
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to cluster the students into several groups depending on the
optimal number of clusters found by the Elbow method. The
ANOVA test and post-hoc analysis helped to find whether the
clusters were significantly different or not. The granularity of our
analysis by investigating semester GPA rather than the cumula-
tive GPA helped us understand the influence of temporal factors
on student performance on a more detailed level.

The results highlight the importance of not only provid-
ing resources on campus to help students, but making these
resources accessible to the students especially for the ones
who need it the most. For example, although they are eli-
gible, low-income first-generation Hispanic students are not
likely to apply for financial aid. For both freshmen and trans-
fer students, Hispanic first-generation students have a lower
GPA compared to other students. In addition, these students
take fewer units per semester than others, which causes slower
academic progress and later graduation. This exacerbates their
financial situation by paying more tuition and fees, accumu-
lating more student debt, and delayed post-graduation higher
income. Making an effort to reach this portion of students, or
making it easier for them to apply for financial aid may help
them to be academically more successful and graduate sooner.

While cluster analysis of students based on the factors found
in the literature is a useful way to understand student suc-
cess patterns, helping students to be more successful requires
understanding the underlying problems. The next step of this
research is to interview with students to understand the under-
lying reasons behind the patterns seen in this article. For
example, there may be various reasons for students not apply-
ing for financial aid. Some students may not be aware of the
opportunity, others may have simply missed the deadline, or
have chosen not to apply due to the complexity of the applica-
tion processes. Deeper dive into the reasons help universities
understand and act to help students be more successful.
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