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This study addresses the STEM workforce shortage by examining online STEM course withdrawals. This 
article categorizes withdrawal reasons using a two-tiered coding system based on a theoretical framework. 
Institutional data, analyzed through qualitative methods and descriptive statistics, showed withdrawal rates 
between 2.0–9.6%, with no significant differences between general education and degree support courses or 
STEM disciplines. External and environmental factors accounted for 49% of withdrawal reasons, followed by 
institutional characteristics (23%). These findings, especially regarding external and environmental factors, 
offer crucial insights for designing interventions to enhance online course persistence, bridging the STEM 
workforce gap.  
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As an increasing number of courses are taught 
asynchronously online, it is essential to under-
stand how this may impact student outcomes. 
The literature has noted increased drop and 
withdrawal rates from online courses com-
pared to traditional courses (Atchley et al., 
2013; Jaggars et al., 2013; Murphy & Stewart, 
2017; Cottrell, 2021). Withdrawal rates from 
online courses reported in the literature vary, 
from as low as 2% to 80% (Atchley et al., 2013; 
Flood, 2002; Park & Choi, 2009; Pierrakeas et 
al., 2004). Differences could be based on selec-
tion bias (single program or course) or how the 
researchers defined and analyzed withdrawal. 
Some studies counted failing grades as a with-

drawal, while others only considered official 
withdrawals, not course drops early in the term 
(Park & Choi, 2009). Online undergraduate 
STEM persistence is problematic and has war-
ranted attention in the educational community 
(Pedraza & Chen, 2022). Because of the gap 
between supply and demand for STEM pro-
fessionals, understanding persistence in STEM 
courses – particularly online STEM courses – 
is increasingly important.

This paper evaluates nuanced withdraw-
al reasons from online undergraduate STEM 
courses. While most withdrawal studies report 
aggregate withdrawal numbers, this study aims 
to understand why interventions and supports 
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can be designed to support student persistence. 
There is a noted need for growth in student 
support services offered for online students 
(Kember et al., 2023), which will require a de-
tailed understanding of the factors influencing 
persistence. While accessing the data will vary 
by institution, the measures taken in this study 
can be informative across institutions, particu-
larly related to how withdrawal reasons were 
coded for thematic analysis.

LITERATURE REVIEW

Various theories have been outlined regarding 
student persistence in a course. In the Student 
Integration Model, persistence is a factor in 
how students are integrated into the institution 
academically and socially to have a sense of 
belonging (Tinto, 1987). In the Social Cogni-
tive Theory, the student’s individual belief of 
control over the outcome of their education 
(based on control of motivation, expectations, 
attitudes, engagement, and self-efficacy) pos-
itively impacts achievement and persistence 
(Bandura, 2002). Overlapping with the social 
cognitive theory, the Model of Student Depar-
ture identifies persistence as a factor of student 
behavioral intentions (beliefs, attitudes, and 
decisions), both internal and external to the in-
stitution (Bean, 1990).

The research into online student attrition 
mirrors these persistence theories (Heilporn 
& Lakhal, 2022; Lee & Choi, 2011). The Dis-
tance Education Student Progress Model ap-
plied Tinto’s model to online learning but ex-
panded on the social aspects that can influence 
persistence (Kember, 1995). In this model, so-
cial integration in the online learning environ-
ment leads to academic integration, connecting 
student attrition to the ability to integrate their 
educational demands with social obligations, 
with lower success for students with an attri-
bution of perceiving control as external (Kem-
ber, 1995). The Composite Persistence Model 
(Rovai, 2003) applied Tinto and Bean’s mod-
els to online students, exploring factors before 
and after admission, including internal and 

external variables. Rovai’s model was further 
refined to consider factors prior to and during 
engaging in the online course (Park & Choi, 
2009). However, even today, researchers note 
the difficulty in translating the foundation-
al student persistence models into the online 
learning environment (Kember & Fan, 2023).

Beyond these models, many researchers 
have aimed to identify and categorize factors 
influencing online course persistence. A 2011 
review article examined 35 publications to 
identify factors that influence persistence in 
online courses, arriving at three over-arching 
categories: students, course or program, and 
environmental (Lee & Choi, 2011). The au-
thors identified strategies to promote online 
course persistence, including understanding 
student challenges, providing high-quality 
courses and student support services, and ad-
dressing environmental issues and psycholog-
ical stressors. A 2012 review article evaluated 
20 publications and identified 10 factors that 
promote online course persistence, like social 
connectedness, and barriers to persistence, 
such as student skills or family responsibilities 
(Hart, 2012). Importantly, this paper empha-
sizes that non-academic barriers to persistence 
can be mitigated with appropriate student sup-
ports. A 2012 research paper explored differ-
ences between students who completed an on-
line course and those who did not, identifying 
locus of control and metacognitive self-regula-
tion skills as key predictors of persistence (Lee 
et al., 2013).

Recently, more review articles on the top-
ic have been published. A 2019 review article 
evaluated 40 publications, focusing on factors 
related to the institution, the course or instruc-
tor, and the student (Muljana & Luo, 2019). 
Within these categories, they reported predom-
inant withdrawal reasons related to institution-
al support, program difficulty, lack of belong-
ing, and course design. Like Lee and Choi, 
the authors suggested strategies to improve 
online course persistence, including early in-
tervention, comprehensive support structures, 
faculty professional development aimed at ef-
fective communication, high-quality feedback, 
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and strategies to foster positive student behav-
ior and improved stakeholder collaboration. 
A 2020 review article evaluated 26 papers to 
identify persistence factors and effective strat-
egies to address them (Delnoij et al., 2020). 
They reported cognitive predictors of course 
attrition of prerequisite skills and study strate-
gies, non-cognitive predictors of self-efficacy, 
goals, and intentions, institutional adjustments, 
situational predictors of employment and sup-
port network, and institutional predictors of 
faculty-student interactions. The authors cat-
egorize all these as modifiable. They suggest 
interventions for online contexts, including 
motivational contact and instruction interven-
tions, coaching, remedial teaching, and peer 
mentoring. They note that evaluating interven-
tion strategies in online contexts was challeng-
ing as studies had inconsistent results and, in 
some cases, included multiple interventions, 
making it challenging to interpret results.

Demographics and learner characteristics 
show mixed results in predicting online course 
persistence. A comprehensive analysis of re-
views and meta-analyses of the influence of 
demographic factors on noncompletion report-
ed inconsistent results related to socioeconom-
ic status, age, gender, and parent’s education. 
For example, some studies reported males 
to have higher withdrawal rates from online 
courses (Aragon & Johnson, 2008; McKin-
ney et al., 2018; Packham et al., 2004; Will-
ging & Johnson, 2009), while others reported 
no significant differences by gender (Park & 
Choi, 2009; Pierrakeas et al., 2004; Wladis et 
al., 2015b). Additionally, some studies showed 
that age did not predict persistence in an online 
course (Levy, 2007; Park & Choi, 2009), while 
other studies showed significant differences by 
age (McKinney et al., 2018; Pierrakeas et al., 
2004). Ethnicity was not found to be a moder-
ating variable for online course persistence in 
some studies (Wladis et al., 2015b; O’Neill et 
al., 2011), while other studies showed minori-
ties were more likely to withdraw from an on-
line program (McKinney et al., 2018; Willging 
& Johnson, 2009).

This uncertainty in the literature is im-
portant to note as students enrolled in online 
STEM courses tend to be non-traditional stu-
dents (e.g., part-time enrollment, full-time em-
ployment), with minority students (particularly 
Black and Hispanics) and men underrepresent-
ed in online STEM courses, while women are 
more likely to enroll in STEM courses online 
(Wladis et al., 2015b, 2015a). Focusing spe-
cifically on online STEM courses and aligned 
with the larger body of evidence for online 
courses, demographic and learner characteris-
tics had variable influences on persistence in 
online STEM courses. Successful completion 
of online STEM courses has been positively 
correlated to age (Wladis et al., 2015b; Xu & 
Jaggars, 2013). GPA and prior performance 
in online courses were predictors of STEM 
course outcomes (Wladis et al., 2015a; Xu & 
Jaggars, 2013). Some studies reported low-
er persistence for female students (Wladis et 
al., 2015a), while others showed males had 
reduced persistence in online STEM courses 
(Xu & Jaggars, 2013). Some studies showed 
no significant differences in online STEM 
persistence based on ethnicity (Wladis et al., 
2015a), while others demonstrated that black 
students had lower persistence (Xu & Jaggars, 
2013). However, sample size, institution type, 
and the limited number of studies limit these 
relationships’ generalizability.

THEORETICAL FRAMEWORK

The theoretical framework for understanding 
student persistence in online undergraduate 
STEM courses is based on the theories and 
dimensions identified in the existing models 
and foundational research presented in the lit-
erature review above. It is organized into four 
main categories: External and Environmental 
Factors, Internal and Personal Factors, Learn-
er Characteristics and Skills, and Institutional 
Characteristics. A conceptual framework orga-
nizing elements of these key dimensions ac-
cording to multiple student persistence models 
is presented in Figure 1.

Downloaded from http://ftp.nowpublishers.com/qrde/article-pdf/24/4/57/10863716/qrde-05-2024-0005en.pdf by guest on 29 May 2026



Why Students Withdraw From Online STEM Courses	 60

Learner characteristics and skills are a pri-
mary category for evaluating withdrawal rea-
sons, covering specific traits and skills. Pre-
vious degree(s), number of academic credits 
earned, nearness to graduation, and amount 
of professional experience impact a student’s 
persistence in an online course (Cochran et al., 
2014; Dupin-Bryant, 2004; Levy, 2007; Xenos 
et al., 2002). Previous experience with online 
courses, successful or not, is a predictor of per-
sistence (Dupin-Bryant, 2004). Grade point 
average (GPA) consistently correlates to on-
line course persistence (Cochran et al., 2014; 
Harrell & Bower, 2011; Jaggars et al., 2013; 
McKinney et al., 2018).

Institutional characteristics influence online 
course persistence. Within a course, percep-
tions of instructor practices, LMS dialogue, 
and perceptions of peer support were predic-
tors of self-reported intention to persist in an 
online STEM course (Kittur et al., July 2021). 
Clear communication of course relevance may 
improve persistence (Ivankova & Stick, 2006; 
Levy, 2007; Park & Choi, 2009). Additionally, 

nuanced factors like perceived course difficulty 
and expectation of success in the course were 
positive and significant predictors of self-re-
ported course persistence intentions (Kittur et 
al., January 2021). Instructional presence in an 
online course is valued by students (Angelino 
et al., 2007; Herbert, 2006; Joyner et al., 2014), 
but students report lower instructor presence in 
online courses (Jaggars, 2014). However, the 
importance of instructional presence to student 
persistence is debated. Several works report no 
correlation between the learning community 
and persistence (Drouin, 2008; Pigliapoco & 
Bogliolo, 2008), while others suggest that the 
quality of interactions and feedback are essen-
tial factors in persistence (Hart, 2012; Ivanko-
va & Stick, 2006; Liu et al., 2009; Ojokheta, 
2010). Interestingly, one study showed that 
increased instructor-student comments in an 
online course were correlated to decreased 
success, measured as the combined withdraw-
al and course failure (Moore, 2014). The peer 
support hypothesis predicts that strong peer 
connections in an online course limit the im-

FIGURE 1

Conceptual Framework for Student Online Course Withdrawal
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pact of isolation as a barrier to persistence 
(Faulconer et al., 2018; Moore, 2014; Sinclair, 
2017). Narrowly focusing on STEM, student 
persistence in online courses includes peda-
gogical methods employed (Lou et al., 2006) 
and social presence (Burch, 2018; Liu et al., 
2009).

The external and environmental factors 
category encompasses elements beyond the 
individual student and institution that may in-
fluence student persistence. Empirical research 
on these factors is emerging (Heilporn & 
Lakhal, 2022). Military deployment can often 
occur without warning and can reduce access 
to reliable Wi-Fi. One study found that half of 
military students who continued online course-
work while deployed experienced role con-
flict (Trettin, 2017). Students may experience 
changes in their access to funding and financ-
ing (e.g., student loans and scholarships). The 
availability of needs-based financial support 
has improved successful STEM course com-
pletion (Castleman et al., 2018), though this 
study was not performed in the context of on-
line courses. Personal conflicts can reduce the 
capacity to engage in online education, such 
as non-professional schedule obligations (e.g., 
volunteerism or public service like jury duty) 
or family responsibilities like caring for young 
or elderly family members (Lee & Choi, 2011; 
Hart, 2012; Muljana & Luo, 2019). Because 
many online students are employed, there can 
be professional conflicts as well, including 
schedule changes, relocations, and changes in 
workload and responsibility that could unex-
pectedly interfere with the capacity to engage 
in an online course (Lee & Choi, 2011; Hart, 
2012; Muljana & Luo, 2019; Delnoji et al., 
2020). While internet connectivity access and 
affordability have significantly improved in re-
cent years, particularly in rural regions, uncer-
tain or unreliable access could be a significant 
limitation for engaging in online coursework 
and could influence a decision to persist. In-
ternet access influences students’ decisions to 
engage in online courses (Huntington-Klein et 
al., 2017). A student’s external support network 
(support from friends, colleagues, family, and 

online community) is essential in online course 
persistence (Hart, 2012; Park & Choi, 2009).

The internal and personal factors category 
focuses on various psychological and cognitive 
dimensions that may influence an undergrad-
uate student’s persistence in an online STEM 
course. Personal illness or health issues can 
disrupt a student’s ability to engage consistent-
ly in coursework (Hart, 2012). Cognitive load 
is another factor that may influence persistence 
in online courses (Kinsey, 2022), which is in-
fluenced by the inherent difficulty of the course 
work (intrinsic load), the effort to build a com-
prehensive knowledge schema (germane load), 
and the clarity of the presentation of the con-
tent and activities (extraneous load). Another 
personal withdrawal motivation may be that 
a student decided to change majors, either be-
cause they learned they did not want to contin-
ue with the original path or they found a new 
passion along the way that they want to pursue. 
Students who engage in the course by interact-
ing with the course materials, instructor, and 
peers are more likely to complete an online 
course (Suresh et al., 2018), which could be 
due to a variety of factors such as their study 
habits or the inclusivity and interactivity of the 
online learning environment. Self-efficacy (a 
student’s belief that they will be successful) 
influences persistence (Delnoji et al., 2020). 
Intrinsic motivation is another key personal 
factor for persistence (Kinsey, 2022). Finally, 
goal commitment can maintain persistence de-
spite obstacles and setbacks (Hart, 2012).

Also, time management and computer 
skills can influence performance in online 
courses (Lee & Choi, 2011; Muljana & Luo, 
2019). Time management is critical to pace en-
gagement and meet expectations, particularly 
in asynchronous online courses. Often, these 
courses include interactive components where 
peers rely on the engagement of others, like in 
discussions, workshops, or social annotation 
activities. Some student learning styles are not 
conducive to an asynchronous online learning 
environment (Harrell & Bower, 2011). Locus 
of control and metacognitive self-regulation 
skills are also important for persistence (Lee 
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et al., 2012; Roubides, 2016). A 2005 study 
identified that locus of control and financial aid 
alone predicted persistence in online courses 
with 75% accuracy (Morris et al., 2005).

External to the course, support programs 
like tutoring, advising, and mentoring can in-
fluence a student’s persistence (Lee & Choi, 
2011). The program’s quality, including the 
curriculum and resources available to students, 
is also important (Muljana & Luo, 2019). Stu-
dent perceptions of the instruction, their inter-
actions with the instructor, the quantity and 
quality of feedback provided, and their inter-
actions with peers can also be driving factors 
for persistence (Lee & Choi, 2011; Hart, 2012; 
Muljana & Luo, 2019; Delnoji et al., 2020). 
Students may also find that the course topics 
can encourage persistence, particularly if they 
align with their interests and career goals or 
have a level of choice or autonomy to select 
topics of personal relevance (Hart, 2012; Lee 
et al., 2015). Effective course design, includ-
ing assessment and activity design choices, is 
critical and is a long-standing active area of re-
search for online STEM courses (Lee & Choi, 
2011; Muljana & Luo, 2019). Furthermore, a 
student may find that online learning could be 
better for them or that subject. Finally, students 
may leave a course if they do not feel they can 
achieve their performance goal (Martinez-Car-
rascal & Sanch-Vinuesa, 2021).

A student’s persistence in a course likely 
has multiple dimensions. For example, a stu-
dent may fall ill with COVID-19, delaying 
their progress. If additional family members 
fall ill next and require care, the student may 
be further delayed in their coursework. If the 
illness requires medical intervention and re-
duced hours at their place of employment, they 
may now face financial burdens that could 
influence their ability to persist in the course. 
Detailed information on the student’s motiva-
tion to withdraw is needed to understand what 
supports or interventions could have promoted 
their successful course completion. Some ele-
ments of online course persistence take time 
to address by an institution. Persistence in on-
line courses is well-studied, and there is some 

existing data on persistence in online STEM 
courses. However, withdrawal reasons are 
complex and less studied. We seek to answer 
the following research questions:

•	 Are there categories (learner character-
istics, external factors, internal factors, 
or student expectations) that predomi-
nate for STEM withdrawal reasons?

•	 What proportion of these withdrawal 
reasons offer opportunities for improved 
course persistence through either sup-
port or intervention?

This study contributes to the understanding 
of attrition in online STEM courses, making 
needed contributions to the reported empir-
ical data, particularly in areas including ex-
ternal and environmental factors. There has 
been noted variability in operationalizing ex-
ternal and environmental factors with limited 
reliability and validity reported (Heilporn & 
Lakhal, 2022), justifying additional works to 
understand these nuanced withdrawal reasons 
in online courses. Understanding withdrawal 
reasons can allow institutions to design effec-
tive interventions to address what is within 
their control and to design student support for 
reasons not within their control.

MATERIALS AND METHODS

Study Design

This study was designed as a qualitative 
descriptive investigation (deductive thematic 
analysis) of the reasons students give to their 
advisors for withdrawing from selected STEM 
courses. Students can complete an online form 
(Figure 2) to request a course withdrawal; the 
open comment box is unnecessary. However, 
many work directly with their academic advisor 
via email, phone, or text to make the request. 
Academic advisors use that communication to 
process withdrawals using a single selection 
from the required dropdown list of codes, then 
add open-ended comments to detail withdraw-
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al reasons. The existing institutional codes for 
withdrawal reasons did not adequately capture 
the dimensions and elements in the theoreti-
cal framework (Figure 1). Hence, the research 
team processed the open-ended comments to 
categorize a more robust coding of withdrawal 

reasons (Table 1) without referencing the insti-
tutionally provided codes.

The raw data was received from the Of-
fice of Strategy and Innovation and then an-
onymized by one co-PI before being given to 
the coders under the direction of the PI. This 

FIGURE 2

Information Prompt for Student-Initiated Withdrawal

TABLE 1
Coding Chart for Student Withdrawal Reasons 

Level 1 Code Level 2 Code

Administrative Reasons ADMN

Registered for incorrect course INCOR

Course not needed for degree NOTND

Materials not received in time MATRL

External/ Environmental EXTNL

Funding FUND

Deployment DEPLY

Personal conflicts (e.g., schedule, family obligations) PERSC

Professional conflicts (e.g., career change, work 
schedule)

PROFC

Lack of internet access TECH

Internal Personal INTL

Personal illness MDCL

Workload – Cognitive Load WORK

Change Major CHANGE

Delaying all progress DELAY

Engagement ENGAGE

Self-efficacy and motivation MOTIV

Goal commitment, resilience/grit GOALS

Learner Characteristics/ 
Skills LEARN

Prerequisites and Prior Knowledge PRIOR

Insufficient technical or computer skills COMPTR

Time Management TIME

(Table continues next page)
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study was deemed exempt by the institutional 
review board (Approval #22-080).

POPULATION, SAMPLE, AND 
DATA COLLECTION

The population for this study was the total 
number of learners who withdrew from the 
target online STEM courses offered at a me-
dium-sized private university in AY 2021-22 
(Table 2 presents course information and en-
rollment data). Study data was anonymous; 

thus, information about the withdrawn stu-
dents was unavailable (e.g., grade, gender, age, 
etc.). Students enrolling in online courses are 
overwhelmingly non-traditional students: the 
average age is 31, and over half are affiliated 
with the military (heavily subsidized). The stu-
dent body is predominately male (82%). The 
campus enrolls approximately 20,000 students 
each year.

For this study, a withdrawal was defined 
as a student who took administrative action to 
be removed from the course by their advisor. 
Course drops were not included in this study. 
A student can complete drops without adminis-

TABLE 1
(Continued)

Level 1 Code Level 2 Code

Institutional  
Characteristics ICHAR

Institutional Support SUPPORT

Program Quality PROGRAM

Negative impression of instructor INSTR

Lack of interaction with instructor INTERACTION

Lack of timely and constructive feedback FEEDBACK

Topics TOPIC

Course Design & Assignment Types DESIGN

Modality Preference MODE

Peer Interactions PEER

Dissatisfaction with course grade GRADE

Not Enough Information NONE

TABLE 2
STEM Courses Included in Study

 Course Name Catalog Number
Enrolled at Term 

Start

General 
Education

Introduction to Computers and Applications CSCI 109 1456

Introduction to Computing for Data Analysis CSCI 123 510

Basic Algebra & Trigonometry MATH 106 997

Exploration in Physics PHYS 102 1373

Science of Flight PHYS 123 473

Degree 
Support

Introduction to Engineering ENGR 101 417

Introduction to Computing for Engineers ENGR 115 301

Statics ESCI 201 264

Pre-calculus for Aviation MATH 111 1572

Total 7363
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trative action by their academic advisor. Drops 
occur within the first four days of the course 
term. Course drops do not incur any financial 
penalty. Withdrawal may have financial penal-
ties for students, depending on how the course 
was funded.

The courses selected for this study fell into 
general education and degree support catego-
ries. Each course is offered over a 9-week term 
through the Canvas learning management sys-
tem, with various opportunities for multi-di-
rectional communication. Student-to-student 
interactions are supported in the courses 
through asynchronous discussion forums 
and Canvas messaging. Student-to-instruc-
tor interactions are supported asynchronously 
through the discussion forums and messaging 
or synchronously through EagleVision/Zoom 
office, telephone, or Microsoft Teams. In-
structor-to-student interactions are supported 
through the same mechanisms as student-to-in-
structor interaction, with the addition of course 
announcements. A very small minority of these 
courses included a required weekly class meet-
ing through EagleVision/Zoom. These courses 
were selected because they have a high volume 
of general education enrollment or are prereq-
uisites for our largest degree programs.

Data Analysis

Simple proportions were calculated in var-
ious combinations for comparing withdrawal 
rates and among the reasons given to advisors 
for withdrawing. Two inferential techniques 
were applied to verify the reasonability of our 
conclusions as if this were a sample from all 
withdrawals from these courses in the near fu-
ture (Motulsky, 2017).

RESULTS

The descriptive investigations focused on 
three perspectives of the data: (1) rates of 
withdrawal by individual course, the two cat-
egories of courses (general education versus 

degree support), and by STEM discipline, (2) 
predominant broad withdrawal reasons from 
online STEM courses (Level 1 codes in Table 
1), and (3) the more nuanced distribution of 
withdrawal reasons (Level 2 codes in Table 1). 
By answering these questions, we can better 
understand which online STEM courses have 
notable persistence problems and what the mo-
tivations for withdrawal are, allowing for the 
design of effective interventions and supports.

Rates of Withdrawal in Online STEM 
Courses

Beginning at the most macro level of un-
derstanding student withdrawal reasons, the 
total enrollments of the target courses were re-
trieved from the Student Information System 
(SIS) for the target courses in the 2021–2022 
academic year (Table 2). While the withdraw-
al rates (Table 3) are each below 10%, under-
standing the reasons that 251 times (3.41% of 
all enrollments in the target courses) a student 
did not persist is important for faculty and ad-
ministrators of the studied institution.

The course with the highest per-course 
withdrawal rate (9.6%) is Introduction to Com-
puting for Engineers (ENGR 115), accounting 
for 11.6% of all withdrawals from the target 
courses (n=251). The course with the lowest 
per-course withdrawal rate (2%) is Basic Al-
gebra and Trigonometry (MATH 106), which 
accounts for just 8% of all withdrawals. The 
collective withdrawal rate from all courses 
evaluated in this study is 3.41%.

The withdrawal rate has a noticeable spread 
between general education STEM courses 
(59.0%, n=148) and degree support STEM 
courses (41.0%, n=103). A z-test of two pro-
portions supports the assumption that no dif-
ference exists between withdrawal rates in 
courses for general education and those for 
degree support (p=0.37).

The withdrawal rate across disciplines was 
consistent, with physics seeing 27% (n=69) of 
withdrawals, mathematics with 24% (n=61) 
withdrawals, technology also showing 24% 
(n=59) of withdrawals, and engineering with 
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the remaining 25% (n=62), for a total of 251 
withdrawals in the study time frame from the 
courses evaluated. The goodness-of-fit test 
was used to analyze the proportions of with-
drawals in the four disciplines the target cours-
es fall into. The test result gave a high p-value 
of 0.824, which confirms that each of the four 
disciplines will contribute to about a quarter of 
all withdrawals within the studied courses.

Broad Reasons for Online STEM 
Course Withdrawal

Academic advisors processing the students’ 
withdrawal requests documented the reasons 
for withdrawal in this study. As previous-
ly mentioned, the existing withdrawal codes 
used by advisors need to adequately capture 
the breadth of withdrawal reasons, even at the 
broader level. Furthermore, some of the ex-

isting codes could cover more than one of the 
broad withdrawal reasons. This necessitated 
using open-ended comments for researchers 
to identify a withdrawal reason appropriately. 
However, some advisors either did not provide 
comments or the comments were not useful in 
coding (e.g., referencing an attachment that is 
not included in the system-generated report). 
For this reason, the total number of withdraw-
als analyzed for withdrawal reasons was re-
duced from 251 to 170.

The breakdown of the predominant broad 
categories for withdrawal from online STEM 
courses in this study is presented in Figure 3. 
Administrative withdrawal reasons only ac-
counted for 3% of withdrawals (n=5). Insti-
tutional characteristics accounted for 23% of 
withdrawals (n=39). External and environmen-
tal factors accounted for 49% (n=84), internal 
factors accounted for 16% (n=28), and learner 

TABLE 3
Withdrawal Data by Target Course 

Target Course
% Withdrawals per 

Course Withdrawal (n)

ENGR 115 9.6 29

ENGR 101 5.5 23

CSCI 123 4.1 21

PHYS 123 4.0 19

ESCI 201 3.8 10

PHYS 102 3.6 50

CSCI 109 2.6 39

MATH 111 2.6 41

MATH 106 2.0 20

Overall 3.41 251

FIGURE 3

Withdrawal Reasons From Online STEM Courses (Level 1)
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characteristics represented 8% (n=14). This 
trend holds when evaluating primary with-
drawal reasons when courses are grouped by 
general education versus degree support. The 
number of withdrawals in discipline groups 
within this data is too small to analyze but will 
be investigated with a larger data set in the fu-
ture.

Nuanced Reasons for Online STEM 
Course Withdrawal

The distribution of nuanced withdrawal rea-
sons from online STEM courses is presented 
in Figure 4. The level one coding category of 
external withdrawal reasons constituted the 
most significant portion of withdrawal reasons. 
However, within this category (n=84), the lev-
el two category of professional conflicts was 
the most prevalent reason, representing 55% of 
the withdrawals in this category. Professional 
conflicts include career change and work-relat-
ed travel. Personal conflicts were also a pre-
dominant withdrawal reason within this level 

one category, constituting another 21% of 
withdrawals in this category. Personal conflicts 
include a family emergency or illness (not the 
student) and personal schedule challenges like 
childcare. The remaining withdrawals in this 
category were deployment (13%), technology 
access (10%), and funding (1%).

Institutional characteristics comprised the 
next largest category of withdrawal reasons 
(n=39), with the predominant, more nuanced 
category being designed at 54% of withdraw-
als in this level one category. Design includes 
learning environment design and assignment 
types. The most prominent reason within this 
category was the instructor, at 26%. Modality 
accounted for 15% of withdrawals in the insti-
tutional characteristics category, followed by 
support and feedback at 3% each, with grade, 
interaction, peers, program, and course topics 
not selected as withdrawal reasons.

Of students who withdrew for internal rea-
sons (n=28), 50% withdrew for personal med-
ical reasons while delaying degree progress 

FIGURE 4

Withdrawal Reasons From Online STEM Courses (Level 2)
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and changing central, accounting for 14% of 
the withdrawals in this category. Motivation 
and cognitive overload represented 11% of 
withdrawal reasons in this category. Engage-
ment and goals were not selected as reasons for 
withdrawal in this category.

Learner characteristics (n=14) represented 
some of the total withdrawals, with time man-
agement representing 71% of withdrawals in 
this category. Inadequate prerequisite knowl-
edge accounted for 29% of withdrawals in this 
category, while no students reported insuffi-
cient technical or computer skills as a with-
drawal reason.

Significantly, few students withdrew be-
cause of administrative reasons (n=5), but 
those that did withdrew because their course 
materials were not received on time. No stu-
dents indicated they withdrew because of reg-
istering for the incorrect course or because it 
was not needed for their degree. Those were 
not likely captured because this study evalu-
ated withdrawals, not drops. Students who left 
the course within the first four days were cate-
gorized as a drop. A student would likely leave 
the course during this window of time due to 
these reasons.

While it would be interesting to explore 
whether the predominant withdrawal reasons 
persist with less data aggregation, exploring 
sub-sets of data for general education ver-
sus degree support courses, the use of infer-
ential analysis of these data for verification 
(Motulsky, 2017) is impeded by empty cells, 
whether they are grouped by discipline or by 
general education versus degree support.

DISCUSSION

Gateway Courses

While research literature on the topic within 
the last five years is scarce, some studies report 
withdrawal rates from online STEM cours-
es. Studies on persistence in online biology 
coursework reported withdrawal rates ranging 

from 9.0% to 16.5% (Mead et al., 2020; Scott, 
2020). One study reported withdrawal rates 
from online calculus at 17.4% and a concern-
ing 28.3% from online pre-calculus courses 
(Ferguson, 2020). Online engineering courses 
have reported withdrawal rates ranging from 
12 – 13% (Zabihian, 2020). Withdrawal from 
asynchronous online chemistry courses has 
been reported to range from 4.6%–4.9% (Au-
thor) and 20–25% in asynchronous online lab-
oratory courses (Mojica & Upmacis, 2022). 
Our average withdrawal rate in this study, ag-
gregated from various STEM disciplines, was 
lower than the rates reported in the literature. 
The studies above did not present withdraw-
al data from multiple disciplines, and the data 
was drawn from different institutions under 
different conditions, so it is impossible to eval-
uate if there was a consistent withdrawal rate 
across subject areas. Our study finds that dif-
ferences in withdrawal rate from online cours-
es were not seen among STEM disciplines nor 
between general education STEM courses ver-
sus degree support STEM courses.

Understanding these patterns is essential in 
identifying gateway courses, which are cred-
it-bearing, lower-division courses that develop 
vital foundational knowledge for which many 
students are at risk of failure and can thus be 
a barricade to further degree progress. Failure 
to complete a gateway course can slow degree 
progress (Sargent et al., 2022). While failure 
rate should also be evaluated when identify-
ing a gateway course, the results of our study 
indicate that Introduction to Computer for 
Engineers (ENGR 115) warrants further in-
vestigation, with the highest withdrawal rate 
in the study at 9.6%. Students likely need a 
path around it because this is a degree-support 
course rather than general education. Failure to 
complete the course successfully could impact 
their degree path and timeline, as Sargent et al. 
(2022) suggested. Identifying online STEM 
courses with low persistence is important, but 
it is also important to know why students are 
unsuccessful in completing these courses. This 
allows for planning a framework of support for 
withdrawal reasons beyond the institution’s 
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control and interventions to address withdraw-
al reasons within their control.

Identifying Potential Foci for 
Intervention

Some student withdrawal reasons are chal-
lenging to address or simply not addressable. 
In this study, the level one code of external and 
environmental factors accounted for most of 
the reasons for withdrawal. Professional con-
flict was the prevalent nuanced reason for these 
external and environmental factors, accounting 
for 55% of external/environmental withdraw-
als. Issues like career change, promotion, and 
work schedule change are not likely something 
the institution can readily offer support for be-
yond deadline flexibility or extended time to 
complete a course through an incomplete. Per-
sonal conflicts, which accounted for 21% of 
external/environmental withdrawals like child 
or elder care responsibilities or a family emer-
gency, are also challenging for intervention 
beyond instructors offering deadline flexibility. 
Similarly, deployment, which constitutes 13% 
of external/environmental withdrawals, must 
be more amenable to institutional intervention 
to retain a student in an online STEM course 
for a given term. However, one study suggest-
ed that instructor communication and flexibili-
ty could affect course completion for deployed 
students (Trettin, 2017).

Internal and personal reasons accounted for 
the third most prevalent Level 1 withdrawal 
code. Like many withdrawal reasons in the 
external and environmental category, address-
ing them by the instruction or institution may 
be challenging. Within this category, half of 
the withdrawals were due to personal medical 
reasons, which could be supported through in-
structor deadline flexibility, incompletes, and 
offering a medical withdrawal. Some students 
may delay all degree progress to accommodate 
various factors in their lives. Furthermore, 
some students may either decide that a par-
ticular degree program does not suit them, or 
they may be drawn into a field, switching their 
major or minor course of study, and thus with-

drawing from an online STEM course that no 
longer fits their academic roadmap.

Student support that may be aimed at these 
harder-to-reach external and internal factors 
include an online orientation, freshman sem-
inar, or curricular construct in the general 
education framework to address topics like 
finding or building a support network online 
and in person. These supports could also ad-
dress some of the nuanced withdrawal reasons 
within the Level 1 code of Learner Character-
istics, building time management skills (Hart, 
2012; Ivankova & Stick, 2006; Pierrakeas et 
al., 2004; Stanford, 2008), computer skills 
(Dupin-Bryant, 2004; Harrell & Bower, 2011), 
self-efficacy, self-discipline, and self-moti-
vation (Hart, 2012; Ivankova & Stick, 2006; 
Moore, 2014; Park & Choi, 2009). Student 
advising could also be leveraged to improve 
persistence in online STEM courses. Data 
shows that persistence in online courses is a 
function of the number of credit hours current-
ly enrolled, with higher credit hours leading 
to stronger persistence (Aragon & Johnson, 
2008). However, this finding should be viewed 
through the lens of cognitive load as a factor in 
online course withdrawal (Tyler-Smith, 2006), 
and there is likely a logistic curve in the rela-
tionship between credit hours and persistence. 
Many institutions have administrative caps on 
credit hour enrollments per term. The most 
direct area for intervention is within institu-
tional characteristics, which, in this study, was 
the second largest Level 1 withdrawal code. 
Of the predominant withdrawal reasons here, 
instructor quality (26% of institutional char-
acteristics withdrawals) and course design 
(54% of institutional characteristics withdraw-
als) were the largest. Course design is a noted 
persistence factor in STEM courses (Li et al., 
2022). Recent research literature highlights the 
efficacy of targeted course design interven-
tions on student outcomes, including course 
persistence (Hollowell et al., 2017). However, 
course design changes to improve retention as 
an isolated strategy are likely less impactful 
on persistence (Monteiro, 2017). Other stud-
ies have similarly noted that interventions and 
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supports in isolation may not be effective, not-
ing that faculty professional development and 
coaching to improve student time management 
skills – may not achieve the desired learner 
outcomes (Mayled et al., 2019; Tabuenca et al., 
2022). An institutional action to address on-
line STEM course persistence should address 
multiple withdrawal reasons and with care-
ful consideration of the complex problem of 
course persistence. However, from a research 
perspective, it will be challenging to disambig-
uate the efficacy of individual interventions or 
supports.

Research on supports and interventions is 
challenging to evaluate. Even a review article 
that explored the efficacy of interventions in 
online settings included multiple studies that 
focused on traditional in-person interventions 
and only reported online interventions from 
four studies, with participant numbers ranging 
from tens to tens of thousands and durations 
of interventions lasting from one informal in-
teraction to year-long undertakings (Delnoji et 
al., 2020). Furthermore, much of the work did 
not include a control. For these reasons, there 
is notably limited generalizability and validity, 
and more work is certainly justified in evaluat-
ing the efficacy of interventions and supports 
to improve course persistence. With such lim-
ited data for the broad category of online learn-
ing, understandably, there is a dearth of infor-
mation specifically focused on online STEM 
course persistence interventions. However, 
the existing research on course persistence in-
terventions can be used as a foundation to in-
vestigate potential future studies. With this in 
mind, based on a 2020 review article, targets 
for intervention based on modifiable predic-
tors of noncompletion are study and learning 
strategies and skills, academic self-efficacy, 
academic goals, and intentions (Delnoij et al., 
2020). The authors report the most substantial 
evidence for online course completion inter-
ventions of coaching, remedial teaching, and 
peer mentoring (Delnoji et al., 2020). There 
is currently scarce alignment between the 
significant predictors of noncompletion and 
the design of course persistence intervention 

efforts (Delnoji et al., 2020). This study is a 
critical step in that direction, first establish-
ing nuance in the reasons for withdrawal and 
identifying areas for developing interventions 
and supports. Future work by the authors will 
contribute a much-needed investigation that is 
grounded in an alignment between the inter-
vention and the factors that can be addressed 
by either the institution or the instructor.

Because nuance may be lost in the aggre-
gate, practitioners, and administrators may 
want to evaluate detailed withdrawal reasons 
on a course-by-course basis to identify po-
tentially effective targets for intervention and 
support. For example, in this study, the general 
education course Introduction to Computing 
for Data Analysis (CSCI 123) had a notable 
attrition rate (4.1%). In comparison, the degree 
support course with the highest attrition in this 
study was Introduction to Computing for En-
gineers (ENGR 115) (9.6% withdrawal rate). 
In both courses, most withdrawals fell within 
the Level 1 code of external factors, with more 
than half of the nuanced withdrawal reasons 
(Level 2 codes) being military deployment, 
personal conflicts, professional conflicts, or 
lack of internet access. Coaching is an inter-
vention that could teach students strategies 
for balancing the responsibilities and impacts 
of external and environmental factors so that 
they can achieve their academic goals. How-
ever, from here, the two courses diverge. For 
CSCI 123, the second most prevalent Level 
1 code was internal/personal, with nuanced 
codes of change of degree, delay of progress, 
or personal illness. By contrast, ENGR 115’s 
second largest Level 1 code was institution-
al characteristics and nuanced code design, 
feedback, and instructor. More investigation is 
needed to explore the potential impacts of peer 
mentoring, coaching, or remedial teaching on 
persistence in these courses.

Limitations

One of the most significant limitations of 
this study was the data loss due to the inability 
to code all withdrawal reasons accurately. Un-
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fortunately, 32.3% of the withdrawals in this 
study could not be analyzed for a withdrawal 
reason. The researchers attempted to refine the 
withdrawal coding used by the academic ad-
visors, but there were multiple administrative 
barriers to adjusting this procedure. Next, the 
researchers worked with the academic advis-
ing team to discuss the importance of using 
the comments to document more nuanced rea-
sons for withdrawal and to communicate that 
attachments were lost in report generation. 
While these efforts did allow the researchers 
to arrive at the current data set, understand-
ably, improvements could be made to reduce 
this data loss. Because the data loss was not 
associated with a particular course, student, or 
withdrawal reason, it is unlikely to have sig-
nificantly influenced the results.

Another limitation of this study was selec-
tion bias. The researchers identified specific 
online undergraduate STEM courses in gener-
al education and degree support. However, this 
is only a partial analysis of all the courses at 
the institution that could have been evaluated. 
The selection of these courses could have in-
fluenced the results through selection bias.

Furthermore, the data used in this study was 
obtained for a defined period. It is possible that 
a longer-term study could show variations in 
these trends, particularly underscored by the 
rapid changes in higher education that were 
seen during and in the wake of the COVID-19 
pandemic.

Demographic and learner characteris-
tics have been linked to persistence in online 
STEM courses, with variable conclusions, as 
explored in the literature review. This study 
looked at anonymized data and thus cannot 
conclude the influence of these variables on 
persistence. Future work in this area should in-
clude demographics to ensure that nuances in 
persistence are preserved in aggregation.

CONCLUSION

Understanding why students withdraw from 
online undergraduate STEM courses is cru-

cial for faculty and administrators of higher 
education institutions. This study noted that 
the withdrawal rate was lower than other re-
cently reported values. This study presents an 
interesting finding not previously reported for 
online STEM courses. The withdrawal rates 
between general education STEM courses 
and degree support STEM courses were sim-
ilar, as were withdrawal rates between STEM 
disciplines. If there were a difference, it might 
suggest that resources and supports should be 
allocated differently to bolster student suc-
cess. If withdrawal rates were higher in de-
gree-support STEM courses, it could indicate 
that degree-support STEM courses are more 
demanding, indicating students may strug-
gle with specialized content and expectations 
within their chosen STEM degree programs, 
are not adequately prepared for the courses, or 
do not have adequate resources like tutoring or 
mentoring tailored to the needs of STEM ma-
jors. If withdrawal rates were higher in general 
education STEM courses, it could suggest that 
curriculum relevance is weak and raise ques-
tions about the content and teaching methods 
used to motivate, engage, and retain students. 
It would also be essential to evaluate resource 
allocation.

This study sought to identify withdrawal 
reasons that could be targeted for intervention 
and support. However, the data showed that 
withdrawal reasons predominantly fell into 
categories not readily addressable through sup-
port or intervention. The data shows potential 
areas to address, including support to develop 
learner time management skills and interven-
tions to address instructor quality and course 
design. With this methodology for categoriz-
ing withdrawal reasons, the nuanced impact of 
support or intervention can be evaluated. The 
reasons for withdrawal explored in this study 
are not exclusive to online learners, and this 
approach could be applied to withdrawal from 
traditional in-person STEM courses. However, 
it is essential to consider how the modalities 
differ. For example, online courses often use 
course templates, with many instructors oper-
ating from the same course shell. In contrast, 
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in-person instructors are primarily responsible 
for generating their content. The interventions 
and supports to address persistence would in-
evitably vary between these populations.
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