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Abstract

The COVID-19 pandemic necessitated major and rapid changes to undergraduate
student learning conditions, but the longer-term consequences of those changes
have yet to be fully understood. We assess how digital inequality—defined as chal-
lenges in accessing or maintaining a broadband internet connection and functional
digital devices—affected undergraduates’ advancement toward on-time graduation
over the first two years of the pandemic (2020-2022). We utilize survey data from a
representative sample of 1,106 undergraduates at Rutgers University-New Brunswick,
a public, 4-year university located in New Jersey, USA. Respondents were undergrad-
uates who had been enrolled in full-time student status throughout the first two years
of the pandemic. We examine how digital inequality and other sociodemographic
factors affected their persistence in full-time student status toward on-time graduation
using structural equation modeling. Results show that students with inadequate or
inconsistent internet and digital devices developed less remote learning proficiency
than their better-connected peers. They were more likely to report having taken
incomplete grades in specific courses and/or to have extended their time to gradua-
tion. We discuss the implications of these findings for developing digital components
to campus emergency planning and for efforts to ensure more equitable learning
experiences for undergraduate students in non-emergency periods in the aftermath of
the pandemic.

Introduction

The sudden onset of the COVID-19 pandemic created or exacerbated a broad swath of
challenges for millions of U.S. undergraduate students. The hasty retreat from campus to
complete their Spring 2020 coursework online was enormously disruptive for all students. It
was especially challenging, however, for students who were “under-connected,” meaning that
their internet access and/or digital devices could not consistently or adequately support their
remote learning needs [1].
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In April and May 2020, the authors gathered cross-sectional data from more than 3,000
U.S. undergraduates nationwide to capture their experiences in those first weeks of remote
learning. Our results revealed that under-connected students struggled most in the sudden
pivot to remote instruction, and we identified key factors and sociodemographic differences
that contributed to those challenges [2].

In this article, we build on those 2020 findings by investigating how students fared in
the longer-term phase of remote (and then hybrid) learning that began in Fall 2020, when
instructors had had more time to prepare to teach via online modalities and students had
become more acclimated to online learning environments. Drawing on additional survey data
we collected in Spring 2022, we ask: Did digital inequality affect undergraduates’ advancement
toward on-time graduation over the first two years of the COVID-19 pandemic?

Undergraduate trajectories in the U.S. amidst the COVID-19 pandemic

The COVID-19 pandemic had immediate and substantial effects on U.S. students’ matricula-
tion and persistence in higher education. Students who had planned to matriculate into higher
education in Fall 2020 often did not do so. Liu sheds light on whose postsecondary plans

were most likely to be upended by the pandemic, using U.S. Census Bureau Household Pulse
Survey data from August 2020 through March 2021 [3]. She finds that almost three-quarters
of households reported disruption in educational plans during that period, but that Black and
Latino respondents were more likely to indicate that they had canceled their plans, whereas
White respondents were more likely to report taking coursework in alternate formats [3].

Among the 2.6 million students who began college in Fall 2019, one in four (26%) did not
return to continue their studies in Fall 2020 [4]. At public four-year universities (like Rutgers
University-New Brunswick, where this study was conducted), there was a 2% drop in the
number of enrolled students pursuing a bachelor’s degree between Spring 2020 and 2021, and
another 3.5% drop between Spring 2021 and 2022 [5]. These data also reveal that students
who stopped out or dropped out of college during the first two years of the pandemic were
more likely to be Hispanic or Black than to be White or Asian [4]. Furthermore, a number
of studies, including international ones, indicate that re-enrollment after taking a leave of
absence was less likely during the acute phase of the pandemic than in other time periods [6].

And among students who completed their undergraduate degrees shortly before or during
the acute phase of the pandemic, evidence indicates limited success entering the workforce.
The 2021 National Survey of College Graduates revealed large increases in unemployment and
part-time employment (as opposed to full-time employment) for U.S. undergraduates who
had completed their college degrees between 2019 and 2021 [7]. Those who were unemployed
or employed part-time indicated the pandemic was a major factor in why a full-time job
was unavailable to them or why their hours had been reduced. Analyses also revealed that
Hispanic and Black college graduates were more likely to be experiencing pandemic-related
adverse employment circumstances than their White counterparts [7]. Furthermore, recent
U.S. college graduates were more likely to be unemployed than any other adult age group in
2022 and 2023 [8].

Taken together, these pandemic-related shocks at every stage of students’ postsecondary
educational trajectories suggest particularly worrisome consequences for a generation of prog-
ress with regard to improving access to higher education within the U.S., and particularly for
students from historically marginalized backgrounds [9-11].

Studies of undergraduate experiences during the onset, and then acute phases, of the pandemic
frequently highlight that students’ vulnerabilities to shocks to their educational trajectories were
determined by how their challenges compounded over time. Some researchers operationalize
students’ vulnerabilities across economic, social, mental health, and learning domains [3]; others
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measure their camulative stressors [12]. In a variety of ways, researchers have sought to identify
and measure the structural disadvantages that made some students more susceptible to com-
pounded disadvantages that could compel them to stop out, or drop out, of college over time.

Given that digital access—to high-quality broadband internet, and to a computer in good
working order—were so central to students’ abilities to be fully engaged in their courses
during the pandemic, we see students’ digital challenges as having been under-theorized and
imprecisely measured in many studies conducted during this unique time period. Below, we
argue that a precise conceptualization of students’ experiences of digital inequality is neces-
sary to fully account for the vulnerabilities and stressors that students faced over two years of
remote and hybrid learning following the onset of COVID-19.

Digital inequality and U.S. undergraduates’ pandemic learning experiences

Digital inequality disproportionately affected lower-income, first-generation, and racial/ethnic
minority college students in the U.S. even before the pandemic [13,14]. While U.S. university
campuses offer students free WiFi access and have computer labs and loaner laptops available,
broadband internet connectivity remains high cost in many communities. By 2022, average
U.S. household spending on home broadband access had reached $74 per month [15], a
prohibitive cost for low-income households that nonetheless does not account for families
having to upgrade services during lockdown, when multiple family members were likely to be
streaming school- and work-related content simultaneously.

Research conducted in the U.S,, Italy, and Switzerland in April 2020 revealed that U.S.
households were also less well-resourced at the start of the pandemic lockdown than their
European counterparts. Ten percent less Americans owned a computer as compared with
Swiss or Italian respondents, and Americans were more than twice as likely to only have one
internet-connecting device at home [16]. Accessible and affordable options for repairing or
replacing hardware are likewise challenging to find in the U.S. Even pre-pandemic, U.S. stu-
dents often struggled with the “dependable instability” of their devices [13] and had to rely on
WiFi in libraries, fast food restaurants, and other community locations when not on campus,
belying the ways in which this population has often been “presumed connected” [17].

As the above suggests, the digital challenges experienced by college-aged U.S. Americans
are not a complete, static absence of internet access or internet-connecting devices. Rather,
they face challenges by virtue of being under-connected, meaning that their internet connec-
tivity and/or their digital devices are too inadequate or inconsistently functional to meet their
needs [1]. When we surveyed more than 3,000 students in April and May 2020, 42% of our
sample reported that, in the year prior to remote learning, they had been under-connected in
at least one of three key ways: their internet had been cut off due to inability to pay, they had
hit the cap on their smartphone’s data plan before the end of a month, and/or they had had a
broken laptop for 10+ days (not necessarily consecutively) [18]. Experiencing digital access as
unreliable and unpredictable is a stressor that compounds other challenges that undergradu-
ates face as they pursue higher education.

Furthermore, under-connected students are more likely to come from lower-income fami-
lies and to report personal or family financial instability because maintaining broadband con-
nectivity and purchasing digital devices is expensive [2,14]. Under-connected college students
are also more likely to be members of underrepresented minority groups and/or first-
generation college goers [13]. Thus, there is a meaningful convergence between the under-
graduate students most likely to have stopped out or dropped out during the first two years
of the COVID-19 pandemic, as summarized in the prior discussion, and those most likely to
report being under-connected during remote and hybrid learning.
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Some prior studies have acknowledged digital inequality as part of their efforts to under-
stand U.S. students’ pandemic learning experiences. For example, a cross-sectional survey of
162 students conducted in April 2020 at William Paterson University, another public univer-
sity in New Jersey, found that 59% of students reported difficulties with online learning modes
and 22% specifically referenced inadequate WiFi or computer access [19]. A survey of 1,220
students at Georgia State University examined students’ stressors in April and May 2020,
finding that access to technology and WiFi was a “strong” or “extreme” stressor for 25% of
their sample, and a “moderate” stressor for another 28% [20]. While both studies contribute to
our understanding of students’ pandemic experiences by acknowledging digital challenges, the
authors conflate what digital inequality scholars have long treated as distinct digital challenges
by asking about internet access and device access in a single, double-barreled question.

In a class-level study, Gillis and Krull surveyed their introductory sociology courses at three
time points in March and April 2020, mainly to assess students’ responses to their different
approaches to adapting the same material for emergency remote instruction [21]. Interest-
ingly, they found that 58% of students who anticipated that they would have no issues with
internet connectivity that affected their course participation did, in fact, experience such inter-
ruptions, whereas students who anticipated such interruptions were generally correct in those
predictions [21]. This study is consistent with pre-pandemic research on under-connected
students’ awareness of their dependable digital instability [13], and with our own conceptual-
ization of how under-connectedness functions within students’ day-to-day stressors on their
learning [2].

A study by Digital Promise more closely mirrors our own approach by distinguishing
between digital challenges stemming from internet connectivity and devices. Their survey of
717 four-year university students in May 2020 found that 44% had connectivity challenges
that impacted their abilities to participate fully in their courses [22]. Sixteen percent reported
problems with digital devices that interfered with their ability to complete their coursework.
They also note significant differences in students’ challenges by race/ethnicity and by house-
hold income [22].

In our own prior study, we conducted an anonymous online survey of 3,113 under-
graduates at 4-year U.S. universities and colleges in 19 states and the District of Columbia
in April and May 2020 [2], with the goal of capturing students’ experiences in emergency
remote learning as they were unfolding. In that survey, we develop what is, to our knowl-
edge, the most systematic assessment of digital inequality among U.S. college students during
the pandemic. Our measures begin by capturing what types of internet access and digital
devices they have regular access to for remote learning. We included previously validated
under-connectedness measures that we had developed for research with K-12 populations
[1,23] to identify which students came into remote learning with a recent history of digital
challenges, in the forms of interrupted home internet access, having hit data plan caps, or
having an inoperable computer for 10 or more days at least once in the prior year. Against
that backdrop, we adapted previously validated measures of under-connectedness to cap-
ture the experiences they were having during remote learning. We measured connectivity
challenges by asking respondents whether their internet connection was slow; they could
reliably livestream coursework; had reliable access to pre-recorded lectures; and the ability
to download large files [2]. We measured device challenges by whether they were relying on
devices that were in poor working condition to complete remote schoolwork; had to rely
on a smartphone to complete schoolwork; and/or had to share the device they relied on for
remote learning with other people [2].

In a 2021 article from these data, published in PLoS ONE, we present a structural equation
model that tests how being under-connected in the prior year, device challenges, connectivity
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challenges, and challenges communicating with instructors in emergency remote learning (in
addition to a broad set of socio-demographic control variables) explain variations in which
students quickly developed a sense of remote learning proficiency. We operationally define
remote learning proficiency as students’ self-reported confidence that they: (a) understood
what instructors were expecting of them; (b) could keep track of deadlines and due dates;
and (c) felt they could effectively use the digital platforms and programs required for remote
coursework [2].

We found that students who reported connectivity and device challenges were significantly
less likely to report remote learning proficiency than students who were not under-connected.
Furthermore, because communicating with instructors required digital connectivity (through,
for example, Zoom office hours), we found that challenges communicating with instructors
were also significantly associated with lower remote learning proficiency [2]. Prior to the
pandemic, lower-income and first-generation students were less likely to reach out and let
instructors know when they were struggling in their coursework [24-26]; our findings sug-
gested those patterns were replicated in remote learning conditions as well.

Our 2020 study findings offered insights into the effects of digital inequality on undergrad-
uates’ persistence in completing their Spring 2020 courses, and how students’ remote learning
proficiency related to variations in students’ socio-demographic characteristics and early
pandemic learning experiences [2]. In the current article, we build on the insights of the prior
study to examine longer-term effects of connectivity, device, and communication challenges
on students’ remote learning proficiency. Thus, we begin with hypotheses to test whether the
model we developed with our 2020 data also fits the 2022 data:

H1: Students who reported more connectivity challenges since the onset of the pandemic
will feel less proficient as remote learners, compared with students who report fewer con-
nectivity challenges.

H2: Students who reported more device challenges since the onset of the pandemic will
feel less proficient as remote learners, compared with students who report fewer device
challenges.

H3: Students who reported more challenges communicating with their instructors since
the onset of the pandemic will report feeling less proficient as remote learners, compared
with students who report fewer communication challenges.

We then move beyond the focus of the 2020 study to investigate how those factors relate
to undergraduate students’ progress toward degree completion, measured by on-time com-
pletion of individual classes and progress toward on-time graduation, as expressed in our
hypothesized model (see Fig 1). Our goal in doing so is to examine how inequalities in digital
access, over time, may not only have constrained students’ sense of digital competence (i.e.,
remote learning proficiency), but also, their concrete educational outcomes as a result of those
inequalities in digital access and skills.

Digital inequality and U.S. undergraduate learning outcomes

From the onset of the COVID-19 pandemic, students were concerned about how remote learning
would constrain their abilities to complete their undergraduate degrees. Aucejo and colleagues sur-
veyed 1,500 students at Arizona State University, another diverse, public U.S. university, in November
2020 [27]. Even at that early stage of the pandemic experience, 13% of students reported delaying grad-
uation, and lower-income students were 55% more likely to have done so than their higher-income
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CONTROLS

e Gender: Female

e Race/Ethnicity: Hispanic

e Race/Ethnicity: Black

e Race/Ethnicity: Asian

e Multiple Races/Ethnicities
e First-generation student

e Family economic insecurity
e Financial hardship

o Need-based scholarship/loan
e International student

e In-state student

e School year

Fig 1. Hypothesized structural model.
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peers. The number of students who expected to take a break from their undergraduate degrees in Fall
2020 was twice the historical rate, and 11% reported that they had withdrawn from a course in the
Spring 2020 semester [27]. While their data unfortunately do not account for digital inequalities within
their sample, the authors do find that lower-income, non-White, and first-generation students were
more likely, even six months into the pandemic, to have delayed their expected graduation term. This
suggests digital inequality is a confounding factor in their analysis, given that race/ethnicity, income,
and parental education all closely correlate with being under-connected.

As Velez points out, uncertainty was a hallmark of the acute pandemic period, disrupting
not only normative progress through coursework and toward degree completion, but also

students’ sense of self and the plans they had for themselves [28]. Students found remote
coursework more difficult, but also less rigorous [22]. They spent a lot of time managing being
under-connected. We found that between one-quarter and one-third of surveyed students at
University of Virginia and at Rutgers University in 2022 reported having to complete school-
work in a library, coffee shop, or restaurant because their home internet connection was not
reliable or fast enough; staying up later to do schoolwork because their home internet was

faster at night; or, having to ask people they live with to get offline to they could live stream
classes either “sometimes” or “often” during remote or hybrid learning [18].

Students also struggled with time management, self-motivation, and managing responsibilities
as workers and caregivers [29,30]. In interviews conducted with undergraduates at Rutgers Uni-
versity who had been enrolled full-time for the first two years of the pandemic, Laliberte found
that students felt they were working harder for less reward. Students reported that it was difficult

to connect with peers and feel a sense of belonging to classes and to student life, and more difficult
to master challenging coursework with the many distractions of living at home [31].

Based on these insights into how challenges evolved for students over time, we extend
our 2020 model by examining how digital inequalities and remote learning proficiency relate
to students’ likelihood of having delayed completion of course-level work (in the form of
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incomplete grades) and delayed time to graduation, as a more global measure of slower prog-
ress to degree:

H4: Students who report lower remote learning proficiency will be more likely to report
taking incomplete course grades than students who report higher remote learning
proficiency.

HS5: Students who report lower remote learning proficiency will be more likely to report
extending their time to graduation than students who report higher remote learning
proficiency.

Materials and methods
The current study

In February and March 2022, we surveyed 1,106 undergraduates who had been enrolled full-
time at Rutgers University-New Brunswick since the onset of the COVID-19 pandemic, in
Spring 2020. The data were collected through an anonymous, 10-minute online questionnaire
using the Qualtrics platform. The study was approved by the Rutgers University Institutional
Review Board.

This cross-sectional survey captured Rutgers undergraduates’ perspectives on how their
experiences in fully remote (Spring 2020 through Summer 2021) and then hybrid (Fall 2021
through Spring 2022) learning environments had evolved over the prior two years. Because
the survey focused on students who had been enrolled full-time at Rutgers throughout the first
two years of the pandemic, our dataset intentionally reflects a “best-case” student population,
in order to isolate the effects of digital inequality on pandemic learning even among students
who managed to persist in full-time status. The sample parameters enable more consistent
comparisons of students’ experiences—and of how they evolved over the first two years of
the pandemic—than would have been the case had we also included students who switched
to part-time status or who had temporarily or permanently discontinued their studies, since
those students have had materially different experiences of pandemic learning.

The study site

Our data provide representative insights into the experiences of students who managed to per-
sist in full-time enrollment status from Spring 2020 to Spring 2022 at Rutgers University-New
Brunswick (see Table 1).

The State University of New Jersey, Rutgers is the oldest, largest, and top-ranked public
university in the New York/New Jersey metropolitan area. It is also one of the most racially,
ethnically, and economically diverse universities in the U.S. Rutgers has campuses in three New
Jersey cities, and approximately 82% of students are New Jersey residents. The largest campus
(with 43,000 enrolled students) is located in New Brunswick, the site of data collection for this
study. By focusing on an undergraduate student population that is unusually diverse, we were
able to parse the effects of digital inequality on on-time progress toward graduation in our
analyses, in the context of socio-demographic differences related to racial/ethnic identity, gen-
der identity, first-generation status, financial instability, and other factors that prior research
confirms have been important drivers of variance in pandemic educational experiences.

On March 10, 2020, Rutgers announced that classes would be cancelled through the end of
spring break and that instruction would be remote for at least the first two weeks after spring break.
On March 17, 2020, the university president announced that all in-person classes, assessments, and
events would be suspended through the end of the semester. The 2020 commencement activities

PLOS ONE | https://doi.org/10.1371/journal.pone.0319000 March 3, 2025 7/19




PLOS ONE

Pandemic digital inequalities and U.S. undergraduate outcomes

Table 1. Unweighted demographics of survey respondents and full sample demographics.

Variable Percent in the study sample Percent in the study population
Female 66 50
Male 34 50
Race/Ethnicity: Asian 41 42
Race/Ethnicity: Black 8 6
Race/Ethnicity: Hispanic 11 9
Race/Ethnicity: White 46 34
Multiple Races/Ethnicities 17 NA®
First-generation students 29 NA”
Living on campus 11 NA"
In-state students 87 85
Out-of-state students 6 6
International students 7 9

“University-level data for these subgroups were not available to the researchers.

https://doi.org/10.1371/journal.pone.0319000.t001

were held online. On July 6, 2020, the incoming university president announced plans for most
classes to be delivered remotely, with in-person instruction for Fall 2020 limited to critical face-to-
face coursework (e.g., medical specialties and scientific laboratory work). Instruction, assessments,
and exams remained remote through the 2020-2021 academic year.

On March 25, 2021, Rutgers announced it would require the COVID-19 vaccine for students
enrolled for the fall 2021 semester. The 2021-2022 school year was a mix of hybrid formats, with
some coursework still being taught entirely remote and many classes proceeding with a mix
of in-person and online instruction, assessments, and exams. By limiting the study sample to
students who had been enrolled full-time through emergency lockdown (in Spring 2020), a fully
remote academic year (2020-2021), and a hybrid format year (2021-2022), our analyses capture
the experiences of a diverse undergraduate population through three distinct phases of pan-
demic learning, requiring varying levels of digital connectivity for full academic engagement.

Sample demographics

Table 1 reflects the demographics of the study sample, who reported ages ranging from 19 to
40 (M=21.2, SD=1.4), with 94% of respondents between ages 19 and 22. The participants were
66% female and 34% male. A total of 8% reported identifying as Black, 41% as Asian, 11%

as Hispanic, and 46% as White. The numbers sum to over 100% because respondents could
select more than one racial or ethnic identity (17% of respondents did so). In addition, 7% of
participants were international students. The ethnic and racial composition of the sample was
similar to that of all students at Rutgers University-New Brunswick university who met our
study criteria. Chi-squared tests comparing sample and population found significant differ-
ences for gender, percent Black students, and percent international students. To improve the
representativeness of the sample, weights were generated and applied adjusting for gender,
race, and being an in-state student. The next section reports weighted descriptive statistics,
while unweighted ones are presented in Table 1.

Measures

Increased time to graduate was recorded as a binary variable. Respondents were asked if they
had had to reduce their course load, thereby taking more time to graduate during the pan-
demic. A total of 25% of the sample said “yes”
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Taking incomplete grades was also measured as a binary variable. Respondents were asked
if they had had to take incomplete grades to remain in college during the pandemic; 33%
selected “yes”

Connectivity challenges were measured by asking participants how much they agreed that
four statements reflected their general experience since the onset of the COVID-19 pandemic.
Using a Likert-type scale ranging from 1 (Strongly disagree) to 5 (Strongly agree), the state-
ments included (1) having a slow internet connection; (2) not being able to reliably livestream
video; (3) having no reliable access to recorded lectures; and (4) not being able to download
large files. The scale had good internal consistency (a =.83). The final measure (range 1-5, M =
2.5, SD = 1.1) was calculated by averaging the four items.

Device challenges were evaluated by asking respondents how much they agreed that three
statements reflected their general experience since the onset of the pandemic. Using a Likert-
type scale from 1 (Strongly disagree) to 5 (Strongly agree), the statements included (1) having
to share devices with too many people; (2) using devices that were slow or in poor working
condition; and (3) having to mostly use a smartphone to complete their schoolwork. The scale
had satisfactory internal consistency (a =.77). The final measure (range 1-5, M = 2.1, SD = 1.0)
was calculated by averaging the three items.

Communication challenges were measured by asking how much students agreed with four
interrelated statements about their abilities to communicate with their instructors since the
pandemic began. Using a Likert-type scale ranging from 1 (Strongly disagree) to 5 (Strongly
agree), the items asked students about (1) not being to communicate with professors as much
as they would like; (2) not being able to communicate with teaching assistants as much as they
would like; (3) finding it easier to connect with or relate to professors; and (4) finding it easier
to connect with or relate to teaching assistants. The last two items were reverse-coded to cre-
ate a measure where a higher score meant having more challenges in connecting with instruc-
tors. The scale had acceptable internal consistency (a =.79). The final measure (range=1-5, M
= 3.6, SD = 1.0) was calculated by averaging all items.

Remote learning proficiency was measured by asking participants how much they agreed
with three statements on a Likert-type scale ranging from 1 (Strongly disagree) to 5 (Strongly
agree). We asked students to agree or disagree with whether, in remote learning environments,
they felt confident (1) understanding what instructors expected of them; (2) keeping track
of deadlines and due dates; and (3) figuring out how to use programs they needed for their
coursework (e.g., Zoom, Google Classroom). The items were reverse-coded so that a higher
score meant having fewer issues navigating in fully or hybrid remote learning environments.
The scale had satisfactory internal consistency (a =.73). The final remote learning proficiency
measure (range 1-5, M = 3.0, SD = 1.2) was calculated by averaging the reverse-coded items,
consistent with original development of the measure in analyses of the 2020 dataset.

Control variables in the model included gender identity, racial/ethnic identity, and year in
college. We also included variables indicating whether participants were international (7%),
in-state (87%), or out-of-state (6%) students. A control was also included for first-generation
college students (41%), identified as those who reported that neither parent had a college
degree.

Three variables were included to account for the financial situations of both respondents
and their families. Financial hardship was measured by asking students whether their personal
financial situation had taken a turn for the worse since the start of the pandemic. Responses
were measured on a scale ranging from 1 (Strongly disagree) to 5 (Strongly agree) with M = 3.3
and SD = 1.4. Family economic insecurity was a dichotomous variable, coded 1 for participants
who reported having families they felt were financially insecure (35%) and 0 for those who did
not (65%). Need-based scholarship or loan was also dichotomous, coded 1 for participants who
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Female [EXININEN

Race/Ethnicity: Asian [EZI
Race/Ethnicity: Black [ZE
Race/Ethnicity: Hispanic m
Race/Ethnicity: White [EXIIN
Multiple Races/Ethnicities [N
Economic insecurity m

No economic insecurity
Financial hardship m

No financial hardship _
Need-based scholarship/loan m
No need-based scholarship/loan _
First generation student m

Not first generation student _
Working full-time

Not working full-time m

Living on campus _

Not living on campus m

In-state students

Out-of-state students m
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had received a need-based scholarship or taken out a student loan (72%) and 0 for those who
did not (28%).

Weighted mean levels of model variables by key demographic groups are presented in
Fig 2. To put those variables in context, we further examined how levels presented here
compare to those recorded in a previous cross-sectional sample of Rutgers undergraduates
collected in 2020 by the authors [3]. While that data included students at multiple institu-
tions, we extracted a smaller subset of respondents who were in their first or second year
at Rutgers University in 2020 (N = 794). That corresponds to the sample examined here:
students who were in their third year and above in 2022. Weighted t-tests comparing the
two samples showed a significant increase in remote learning proficiency over time from
2.6 t0 3.0, t(1881) = 4.6, p <.001, as well as a smaller increase in reported communica-
tion challenges from 3.4 to 3.6, t(1876) = 3.1, p <.001. The differences in means for device
challenges and connectivity challenges were not significant. Increased time to graduate and
taking incomplete grades were measured retrospectively and only in 2022. Since no identi-
fiable information was collected from 2020 survey participants, the two samples could not
be matched and are thus treated as repeated, cross-sectional data. Detailed information on
variable levels across demographic groups is available in Tables A1 and A2 of Appendix A.

Analytical design

Hypothesis testing was conducted using path analysis with a structural model constructed as
shown on Fig 1. Weighted least square mean and variance adjusted (WLSMV) estimation was
used due to the presence of binary endogenous variables in the model. Statistical tests were
performed using the R platform version 4.2 and RStudio version 2023.03.1-446, along with
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Fig 2. Weighted mean levels of model variables for key demographic groups.

https://doi.org/10.1371/journal.pone.0319000.g002
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Table A1. Weighed mean outcomes in 2020 (N=794).

Social Group Remote Learning Proficiency 2020 | Communication Challenges 2020 | Connectivity Challenges 2020 | Device Challenges 2020
All 2.6 3.4 2.4 2.1
Female 2.6 34 24 1.9

Male 2.7 3.5 2.5 2.3
Race/Ethnicity: Asian 2.7 3.5 2.4 2.0
Race/Ethnicity: Black 2.6 34 2.3 2.0
Race/Ethnicity: Hispanic 2.5 3.5 2.6 2.2
Race/Ethnicity: White 2.5 3.6 2.5 2.1
Multiple Races/Ethnicities 2.5 3.5 2.6 2.1
Economic insecurity 2.2 3.6 2.9 2.5

No economic insecurity 2.8 3.3 2.3 1.9
Financial hardship 2.3 3.5 2.8 2.4

No financial hardship 2.9 34 2.2 1.8
Need-based scholarship/loan 2.5 3.5 2.5 2.1

No need-based scholarship/loan | 2.9 33 2.2 1.9

First generation student 2.4 3.6 2.6 2.3

Not a first generation student 2.7 3.4 2.3 2.0
In-state students 2.6 3.5 2.5 2.1
Out-of-state students 2.7 3.2 23 2.0
International students 3.2 2.9 2.3 2.2
https://doi.org/10.1371/journal.pone.0319000.t003

Table A2. Weighed mean outcomes in 2022 (N = 1,106).

Social Remote Learning Proficiency Communication Challenges Connectivity Challenges Device
Group 2022 2022 2022 Challenges 2022
All 3 3.6 2.5 2.1
Female 3 3.6 2.5 2
Male 3 3.6 2.5 2.1
Race/Ethnicity: Asian 3.2 3.4 2.3 2.1
Race/Ethnicity: Black 2.8 3.7 2.5 2.1
Race/Ethnicity: Hispanic 3 3.5 2.6 2.1
Race/Ethnicity: White 3 3.7 2.6 2
Multiple Races/Ethnicities 2.9 3.6 2.7 2.1
Economic insecurity 2.6 3.6 2.9 2.5
No economic insecurity 3.2 3.7 2.3 1.8
Financial hardship 2.6 3.8 2.9 24
No financial hardship 3.5 3.5 2.1 1.7
Need-based scholarship/loan 2.9 3.7 2.6 2.2
No need-based scholarship/loan 34 3.5 2.3 1.8
First generation student 3 3.6 2.7 2.2
Not a first generation student 3.1 3.7 2.4 2
In-state students 3 3.7 2.5 2.1
Out-of-state students 3 3.7 2.5 2.1
International students 3.3 3 2.3 2.3
https://doi.org/10.1371/journal.pone.0319000.t004

PLOS ONE | https://doi.org/10.1371/journal.pone.0319000 March 3, 2025 11/19



https://doi.org/10.1371/journal.pone.0319000.t003
https://doi.org/10.1371/journal.pone.0319000.t004

PLOS ONE

Pandemic digital inequalities and U.S. undergraduate outcomes

the lavaan package version 0.6-15. To determine whether the hypotheses were supported, we
examined the significance of individual paths and the global fit of the model to the observed
data. A total of 4 cases had missing values for the model variables and were excluded from the
analysis.

Results

The hypothesized model had an excellent fit (N = 1102; y* = 1.1, p =.06; DF = 2; RMSEA <.001;
SRMR <.001; CFI = 1). The full model results are presented in Table 2 and Fig 3.

The results supported H1, H2, and H3, which predicted that remote learning proficiency
would be negatively associated with device challenges (3 = -.08, SE =.04, p <.05), connectivity
challenges ( = -.30, SE =.04, p <.001), and communication challenges ( = -.25, SE =.02, p
<.001), respectively.

Supporting H4, taking incomplete grades was negatively predicted by remote learning
proficiency (f = -.27, SE =.04, p <.001). In addition, incomplete grades were positively associ-
ated with device challenges (8 =.14, SE =.05, p <.001) and financial hardship (f =.12, SE =.05, p
<.05).

Supporting H5, increased time to graduation was negatively predicted by remote learning
proficiency (B = -.13, SE =.04, p <.01), even after controlling for taking incomplete grades (5
=.47, SE =.04, p <.001). After controlling for other model variables, increased time to gradua-
tion was also significantly positively associated with being a first-generation student ( =.08, SE

Table 2. Structural equation model results, standardized coefficients with standard errors included in parentheses.

Variable Increased time Took incom- Remote learn- Comm. Connect. Device
to graduate plete grades ing proficiency challenges challenges challenges
Took incomplete grades A7 (.04)™ - - - -
Remote learning proficiency -.13 (.04)" -27 (.04)™ - - - -
Communication challenges -.05 (.04) .03 (.04) -25(.02)™ - -
Connectivity challenges -.07 (.06) .04 (.05) -.30 (.04)™ 21 (.04)™ -
Device challenges .07 (.05) .14 (.05)™ -.08 (.04)" -.16 .68
(.04)™ (.02)™
Gender: Female -.13 (.04)™ -.03 (.04) .01 (.02) -.00 (.03) .03 (.02) .01 (.03)
Race/Ethnicity: Hispanic -.02 (.05) .05 (.05) .01 (.03) -.10 (.04)" -.02 (.03) -.01 (.03)
Race/Ethnicity: Black .02 (.03) .06 (.04). -.03 (.03) -.02 (.03) -.01 (.02) -.05 (.03).
Race/Ethnicity: Asian -.05 (.04) -.06 (.04) -.01 (.03) -.11 -.03(.02) .01 (.03)
(.03)™
Multiple Races/Ethnicities .00 (.05) -.04 (.05) -.00 (.03) .01 (.04) .04 (.03) .04 (.03)
Family economic insecurity -.02 (.04) .00 (.04) -.01(.03) -.04 (.03) -.04 (.02)" 11 (.03)™
Financial hardship .04 (.04) 12 (.05)" -.20 (.03)™ 17 (.03)™ .19 .34 (.03)™
(02)™
Need-based scholarship/loan .02 (.04) .01 (.04) -.05 (.03). .00 (.03) -.04 (.02) .05 (.03)
First-generation student .08 (.04)" .03 (.04) .02 (.03) -.07 (.03)" .01 (.02) .04 (.03)
Working full time -.03 (.04) -.00 (.04) .02 (.02) -.04 (.03) .01 (.02) .05 (.02)"
International student .09 (.05)" .00 (.05) -.02 (.04) -.05 (.04) -.08 .10 (.04)™
(.03)"
In-state student .04 (.05) -.09 (.05). 01 (.03) .06 (.04) .03 (.03) -.00 (.04)
School year (3-5) .06 (.03). .01 (.04) .01 (.03) -.03 (.03) - -
R? 35% 24% 36% 10% 58% 20%
.p <.1,p<.05 "p<.01,p<.001.
https://doi.org/10.1371/journal.pone.0319000.t002
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CONTROLS

e Gender: Female

e Race/Ethnicity: Hispanic

e Race/Ethnicity: Black

e Race/Ethnicity: Asian

e Multiple Races/Ethnicities
o First-generation student

e Family economic insecurity
e Financial hardship

o Need-based scholarship/loan
o International student

e |n-state student

e School year

Standardized —— P <.05
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Fig 3. Structural equation model results, standardized coefficients.
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=.04, p <.05), and an international student (8 =.09, SE =.05, p <.05), and negatively predicted
by being female (f = -.13, SE =.04, p <.001).

Discussion

Researchers who study digital inequality frequently refer to three levels of inequality that are
all important in their own right, but also, for how they compound each other in ways that
explain how digital inequality actually functions within a population [32,33].

First-level digital inequalities are inequalities in access to the internet and digital devices.
Our findings show that yes/no questions to capture whether or not a student has broadband

internet or a laptop computer would not have been sufficient for capturing the inequalities in
digital access experienced by under-connected students in the first two years of the pandemic
[23]. Indeed, 95% of the Rutgers University-New Brunswick students that we surveyed in 2022
reported home broadband access—but, three in five of those students nonetheless reported at
least one connectivity challenge, reflecting that their internet connectivity did not adequately
support their remote learning needs at least some of the time. Likewise, 97% of surveyed stu-
dents reported access to a laptop or desktop computer, but one in three of those students also
reported at least one device challenge [23]. Therefore, fully accounting for first-level digital
inequalities among college students requires accounting for digital access and for how well
that access meets their learning needs.

Second-level digital inequalities broadly refer to whether individuals have the digital
capabilities needed to achieve the goals they have for their digital engagement. Some research-
ers conceive of digital capabilities as digital skills that can be directly assessed; others rely on
self-reports of digital confidence and competency, as we do here [34]. The specific digital skills
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that undergraduate students needed to be successful learners in remote instruction during
the pandemic would have varied considerably by major and by the requirements of specific
courses [21,31]. Our second-level measure of digital inequality had a different purpose:
rather than measuring an objective set of skills, we were interested in students’ self-reported
sense of competence that they could navigate remote learning environments successfully. We
operationalized these measures as remote learning proficiency: students’ self-reports of their
capabilities to understand instructors’ expectations, keep track of due dates and deadlines,
and figure out new programs and platforms in remote learning environments. Hypotheses 1
and 2 were supported, showing that second-level digital inequalities (i.e., variations in remote
learning proficiency) are tied to first-level inequalities in the forms of device and connectivity
challenges (H1 and H2, respectively).

Remote learning proficiency is also negatively associated with students’ challenges commu-
nicating with their instructors (H3). When instruction was entirely remote, communicating
with instructors necessitated digital devices and connectivity. And even in the hybrid course
modalities that followed, mediated communication remained central to student-faculty
communication. Furthermore, feeling supported and encouraged by instructors was essential
for students’ developing remote learning proficiency because even in fully online learning
environments, interpersonal connections between students and faculty remain essential for
students’ success[2,35]. This finding is also consistent with extant research findings that devel-
oping digital competencies (i.e., the reduction of second-level digital inequalities) often relies
on person-to-person trust and support, whether that support comes from a family member, a
trusted friend, or an instructor [36,37].

Comparing the results presented here to previous research conducted at the same institu-
tion [2] offers additional insights into the trajectory of digital inequalities during the pan-
demic. As students and instructors got more used to online and hybrid classes, we found that
remote learning proficiency increased from 2020 to 2022. At the same time, however, the
device and connectivity challenges captured in our study did not decline much over time. We
found no significant difference between the levels previously reported for 2020 [2] and those
in 2022 examined here. This finding suggests that digital skills were improving with practice,
but that first-level digital inequalities persisted.

Digital inequality scholars have amassed a considerable body of evidence tying first- and
second-level digital inequalities together. van Deursen and Helsper [38] note the need to also
document unequal outcomes—third-level digital inequalities—that concretely result from
unequal digital access and skills. Efforts to account for third-level inequalities have been ham-
pered, in part, by how difficult it is to define clear outcomes. Researchers can document, for
example, if online searches were consequential for finding a new job, but outcomes that are
not merely points in longer processes are hard to come by.

Timely completion of a college degree, and to a lesser extent, a college course, are an
opportunity to document third-level outcomes of unequal digital access and unequal digital
skills, as we have done with our analyses. We find that remote learning proficiency is neg-
atively associated with taking incomplete course grades (H4) and with delaying time to
graduation (H5), even after controlling for taking incomplete grades. First generation and
international students were most likely to indicate having had to delay graduation, which
suggests that college-educated parents may have been able to better buttress their children’s
remote learning needs, and that remote learning across many time zones and international
borders was especially challenging. We also find that delayed graduation was negatively
associated with identifying as female, consistent with national findings about the dispropor-
tionate number of male students who struggled to persist in higher education through the
pandemic [9].
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The pandemic’s effects on undergraduate matriculation and persistence toward gradua-
tion threaten to undo a generation of progress in broadening access to higher education. Our
literature review summarizes how historically marginalized students were disproportionately
likely to experience cumulative stresses during remote and hybrid learning that made them
more likely to stop out or drop out of college during the 2020-2022 school years. We also
noted that students from lower-income backgrounds—students who are disproportionately
first-generation and/or students of color—are also most likely to experience digital inequal-
ities. Our analyses offer insights into how inequalities in digital access affected students’
confidence in their digital capabilities, and how those inequalities are associated with unequal
outcomes in the short-term form of incomplete coursework, and the more worrying, long-
term consequence of delayed college graduation.

Our findings should be especially alarming because they represent a “best-case scenario”
sample of undergraduates who persisted in full-time student status throughout the first two
years of the pandemic. Even so, we see the deleterious effects of being under-connected and of
lower remote learning proficiency on on-time completion of individual courses and progress
toward on-time graduation. Said differently, even among students who managed to persist
full-time, digital inequalities produced materially unequal educational outcomes. Those
inequalities will be starker still for the students who are not included in our sample: those who
switched to part-time status or stopped out of college entirely because being under-connected
was compounded by lacking childcare, work pressures, and/or changed financial circum-
stances [3,7,30].

Study limitations

While our analyses provide important insights into the relationships between digital inequal-
ity and undergraduates’ learning experiences and outcomes, this study has some important
limitations. First, and most importantly: although our data build on our 2020 study of under-
graduates and our model confirms that the same associations exist between key variables in
2020 and 2022, both datasets are cross-sectional. We therefore cannot make the causal claims
that longitudinal data would support, limiting the generalizability of these findings. Longitu-
dinal data will be essential to fully understanding undergraduates’ challenges and experiences
with digital inequality throughout the pandemic period, and the long-lasting effects of digital
inequality during this period.

Second, there are ways that Rutgers University-New Brunswick may not be generalizable
to other institutions of higher education. Rutgers is a public, four-year institution with an
undergraduate population that is more diverse in terms of the proportion of students who are
racial/ethnic minorities and first-generation students than the U.S. average, which makes it
an especially rich study site for examining the unique effects of digital inequality. Rutgers also
predominantly serves an in-state student population with a meaningful number of students
who commute from home rather than living on or close to campus, and the state has less rural
areas than would be the case at universities in other parts of the country.

Third, we note that we rely on students’ self-reports of their learning challenges and as
to whether they took incomplete grades or have increased their time to graduation. The
anonymous nature of the survey and the constraints of the Family Educational Rights and
Privacy Act (FERPA), a federal U.S. law that protects students’ private information, pre-
vented us from triangulating self-reports with the registrar’s records of how many incomplete
grades were posted and how many students have filed delayed graduation dates. Registrar
records would also be incomplete, however, because students may not have officially delayed
their expected graduation date but know they will need to do so. We note that other studies
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of pandemic experiences have similarly relied on students’ self-reported changes to their
graduation plans [39,40], with Aucejo and colleagues indicating that this approach “follows a
small and growing literature that uses subjective expectations to understand decision-making
under uncertainty” [27].

Conclusions

The acute phase of the pandemic has had varied consequences for higher education. One

is the need for digital inclusion protocols in every campus emergency preparedness plan.
Epidemics, climate disasters, and other emergencies will necessitate rapid, short-term shifts
to remote instruction for universities in affected regions. Post-COVID, the expectation will
be that face-to-face classes can seamlessly move to remote learning during emergency campus
closures since instructors are more comfortable and skilled with online teaching modalities
and students are more familiar with them. But our findings show that the digital playing field
is far from leveled post-pandemic [41]. Universities should routinely identify students who
would be under-connected without their on-campus technology resources and have clear
plans in place for sending those students home with a computer and/or for rapidly dispensing
subsidies for home broadband access or prepaid WiFi hotspots to affected students.

The pandemic has also permanently altered routine college instruction. Whereas many
instructors used online learning management systems peripherally for their courses prior to
the pandemic, reports indicate these systems have remained more central to coursework in
the return to in-person instruction [42]. As a result, under-connected students are likely fac-
ing increased challenges in their courses even in this post-emergency period. Our H4 results
revealed that taking incomplete grades was positively associated with device challenges, while
connectivity challenges had indirect associations. Students whose internet gets disconnected
due to an unpaid bill or because they have hit the cap on their data plans can, if they must,
log onto WiFi at a community or campus location, whereas students with underperforming
devices have fewer creative workarounds for resolving those problems.

Our findings reveal that financial hardship was also positively associated with having to
take incomplete course grades. In a qualitative study prior to the pandemic, Gonzales and
colleagues [13] show that lower-income college students, who cannot afford to quickly repair
or replace a malfunctioning device, often end up diverting time and energy from their course-
work trying to address device challenges that their better-off counterparts would resolve
within a day. Our findings suggest that those relationships between digital device quality and
course performance persisted through the pandemic.

These convergent findings imply that even with a full return to campus, university lead-
ers should be ensuring easily accessed on-campus device repair and students’ options for
borrowing laptops for short- or long-term loan periods, in much the same way that campus
libraries support students’ learning by loaning out books. Our results, summarized in Table
2, reinforce just how much students’ financial circumstances matter for their experiences of
digital inequality even when controlling for racial/ethnic identities or first-generation status.
The primacy of students’ financial circumstances in explaining who experiences inequalities
in digital access, capabilities, and outcomes is an essential finding. The solutions for resolving
under-connected students’ challenges with campus-provided resources are straightforwardly
financial.

As researchers undertake the enormous task of accounting for the pandemic’s acute and
ongoing effects on higher education, our findings underscore how fundamental a digital
focus will be for explaining inequitable student experiences and outcomes—and for develop-
ing evidence-based initiatives to ensure more equitable student experiences going forward.

It is imperative that college students not be “presumed connected” [17], either in the midst
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of crisis or more routine times, as digital tools and learning platforms become increasingly

essential to higher education. Our hope is that our findings contribute to a fulsome discus-

sion of how resolving digital inequalities can serve as an effective avenue for reducing more
entrenched inequalities in relation to who is able to attend and graduate from college.

Financial Disclosure:

The author(s) gratefully acknowledge funding support for this study from the School of
Communication and Information at Rutgers University.

Author contributions

Conceptualization: Vikki S. Katz, Amy B. Jordan, Katherine Ognyanova.

Data curation: Katherine Ognyanova.

Formal analysis: Vikki S. Katz, Katherine Ognyanova.

Investigation: Vikki S. Katz.

Methodology: Vikki S. Katz, Amy B. Jordan, Katherine Ognyanova.

Project administration: Vikki S. Katz, Amy B. Jordan.

Writing - original draft: Vikki S. Katz, Amy B. Jordan, Katherine Ognyanova.
Writing - review & editing: Vikki S. Katz, Amy B. Jordan, Katherine Ognyanova.

References

1. Katz VS, Rideout V. Learning at home while under-connected: Lower-income families during
the COVID-19 pandemic. New America; 2021. Available from: https://www.newamerica.org/
education-policy/collections/learning-at-home-while-under-connected-project/

2. Katz VS, Jordan AB, Ognyanova K. Digital inequality, faculty communication, and remote learn-
ing experiences during the COVID-19 pandemic: A survey of U.S. undergraduates. PLoS One.
2021;16(2):e0246641. https://doi.org/10.1371/journal.pone.0246641 PMID: 33566832

3. Liu R. Disparities in disruptions to postsecondary education plans during the COVID-19 pandemic.
AERA Open; 2021:7. hitps://doi.org/10.1177%2F23328584211045400
4. National Student Clearinghouse Research Center. Persistence and retention Fall 2019 beginning

cohort. Figure 5. Persistence and Retention Rates by Race/Ethnicity: Public Four-Year Institutions.
2021; Available from: https://nscresearchcenter.org/wp-content/uploads/PersistenceRetention2021.pdf

5. National Student Clearinghouse Research Center. Spring 2022 Enroliment Estimates. Table 2. Esti-
mated National Enroliment by Institutional Sector and Program Level: 2020 to 2022; 2022. Available
from: https://nscresearchcenter.org/wp-content/uploads/CTEE_Report_Spring_2022.pdf

6. Dagorn E, Moulin L. Dropping out of university in response to the COVID-19 pandemic. Economic
Education Review. 2025;104:102604. https://doi.org/10.1016/j.econedurev.2024.102604

7. Binder A, Dillon M, Milan L, Phou K. Effects of the COVID-19 pandemic on employment, earnings,
and professional engagement: New insights from the 2021 National Survey of College Graduates;
2023. Available from: https://ncses.nsf.gov/pubs/nsf23307

8. Bhattarai A. New college grads are more likely to be unemployed in today’s job market. Wash-
ington Post; 2023 Nov 19. Available from: hitps://www.washingtonpost.com/business/2023/11/19/
college-grads-unemployed-jobs/

9. Brown S. The missing Hispanic students. Chron Higher Ed; 2022 Feb 11. Available from: https://www.
chronicle.com/article/the-missing-hispanic-students

10. Conley B, Massa R. The great interruption. Inside Higher Ed; 2022 Feb 28. Avail-
able from: https://www.insidehighered.com/admissions/views/2022/02/28/
enrollment-changes-colleges-are-feeling-are-much-more-covid-19

11. Long H, Douglas-Gabriel D. Low-income students are dropping out of college this fall in alarm-
ing numbers. Washington Post. 2020 Sept 16. Available from: https://www.washingtonpost.com/
business/2020/09/16/college-enroliment-down/

PLOS ONE | https://doi.org/10.1371/journal.pone.0319000 March 3, 2025 17/19



https://www.newamerica.org/education-policy/collections/learning-at-home-while-under-connected-project/
https://www.newamerica.org/education-policy/collections/learning-at-home-while-under-connected-project/
https://doi.org/10.1371/journal.pone.0246641
http://www.ncbi.nlm.nih.gov/pubmed/33566832
https://doi.org/10.1177%2F23328584211045400
https://nscresearchcenter.org/wp-content/uploads/PersistenceRetention2021.pdf
https://nscresearchcenter.org/wp-content/uploads/CTEE_Report_Spring_2022.pdf
https://doi.org/10.1016/j.econedurev.2024.102604
https://ncses.nsf.gov/pubs/nsf23307
https://www.washingtonpost.com/business/2023/11/19/college-grads-unemployed-jobs/
https://www.washingtonpost.com/business/2023/11/19/college-grads-unemployed-jobs/
https://www.chronicle.com/article/the-missing-hispanic-students
https://www.chronicle.com/article/the-missing-hispanic-students
https://www.insidehighered.com/admissions/views/2022/02/28/enrollment-changes-colleges-are-feeling-are-much-more-covid-19
https://www.insidehighered.com/admissions/views/2022/02/28/enrollment-changes-colleges-are-feeling-are-much-more-covid-19
https://www.washingtonpost.com/business/2020/09/16/college-enrollment-down/
https://www.washingtonpost.com/business/2020/09/16/college-enrollment-down/

PLOS ONE

Pandemic digital inequalities and U.S. undergraduate outcomes

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25

26.

27.

28.

29.

30.

31.

32.
33.

Pasupathi M, Booker J, Ell M, Follmer Greenhoot A, McLean KC, Wainryb C, et al. College, inter-
rupted: profiles in first-year college students responses to the COVID-19 pandemic across one year.
Emerg Adulthood. 2022;10(6):1574—-90. https://doi.org/10.1177/21676968221119945 PMID: 38603297

Gonzales AL, Calarco JM, Lynch T. Technology problems and student achievement gaps: A validation
and extension of the technology maintenance construct. Communication Research. 2020;47:750-70.
https://doi.org/10.1177/0093650218796

Reisdorf BC, Triwibowo W, Yankelevich A. Laptop or bust: how lack of technology affects student
achievement. Am Behavioral Scientist. 2020;64(7):927-49. https://doi.org/10.1177/0002764220919145

Wallsten S, Khayami A. Broadband prices. Technology Policy Institute. Available from: https://techpoli-
cyinstitute.org/publications/broadband/digital-divide/broadband-prices-2024

Hargittai E. Connected in isolation: Digital privilege in unsettled times. Boston: Massachusetts Institute
of Technology Press, 2022.

Ali C. The presumption of the connected. Benton Digital Beat. 2020. Available from: hitps://www.ben-
ton.org/blog/presumption-connected

Ali C, Katz VS. Evidence-Based Pathways for Leveling Digital Access in Higher Education During
and Beyond the COVID-19 Pandemic. J Information Policy. 2024;14. https://doi.org/10.5325/
jinfopoli.14.2024.0019

Kecojevic A, Basch CH, Sullivan M, Davi NK. The impact of the COVID-19 epidemic on mental health
of undergraduate students in New Jersey, cross-sectional study. PLoS One. 2020;15(9):e0239696.
https://doi.org/10.1371/journal.pone.0239696 PMID: 32997683

Halliburton AE, Hill MB, Dawson BL, Hightower JM, Rueden H. Increased Stress, Declining Men-
tal Health: Emerging Adults’ Experiences in College During COVID-19. Emerging Adulthood.
2021;9(5):433-48. https://doi.org/10.1177/21676968211025348

Gillis A, Krull LM. COVID-19 Remote learning transition in spring 2020: Class structures, stu-
dent perceptions, and inequality in college courses. Teach Sociol. 2020;48(4):283-99. hitps://doi.
org/10.1177/0092055X20954263 PMID: 38603024

Means B, Neisler J. Langer Research Associates. Suddenly online: A national survey of undergradu-
ates during the COVID-19 pandemic. Digital Promise. 2020. Available from: https://www.everylearner-
everywhere.org/resources/suddenly-online-national-undergraduate-survey/

Katz VS, Reisdorf B. Beyond the “digital divide”: How measuring “under-connectedness” reveals more
about lived experiences of digital inequality. In: Hargittai E, editor. Handbook of digital inclusion. Lon-
don; Elgar; 2025.

Jack A. (No) harm in asking: Class, acquired cultural capital, and academic engagement at an elite
university. Sociology Education. 2016;89(1):1-19. https://doi.org/10.1177/0038040715614

Kim YK, Sax LJ. Student—Faculty Interaction in Research Universities: Differences by Student Gender,
Race, Social Class, and First-Generation Status. Res High Educ. 2009;50(5):437-59. https://doi.
org/10.1007/s11162-009-9127-x

Lundberg CA, Schreiner LA. Quality and Frequency of Faculty-Student Interaction as Predictors of
Learning: An Analysis by Student Race/Ethnicity. csd. 2004;45(5):549-65. https://doi.org/10.1353/
¢sd.2004.0061

Aucejo EM, French J, Ugalde Araya MP, Zafar B. The impact of COVID-19 on student experiences
and expectations: Evidence from a survey. J Public Econ. 2020;191:104271. https://doi.org/10.1016/j.
ipubeco.2020.104271 PMID: 32873994

Velez GM. College and COVID-19: The Pandemic’s reverberations on adolescents and emerging
adults on campus. Curr Opin Psychol. 2023;51:101592. hitps://doi.org/10.1016/j.copsyc.2023.101592
PMID: 37270878

Laliberte L, Katz VS. Digital well-being on the college quad: Lessons from undergraduates’ experi-
ences during the COVID-19 pandemic. In James C, Ito M, editors. Youth wellbeing in a technology
rich world. Boston: MIT Press; 2025.

Manze MG, Rauh L, Smith-Faust P, Watnick D. Experiences of College Students With Chil-

dren During the COVID-19 Pandemic. Emerging Adulthood. 2021;9(5):631-8. hitps://doi.
org/10.1177/21676968211020225

Laliberte L. Domesticating remote learning technologies: How students adapted throughout two years
of pandemic learning. School of Communication and Information, Rutgers University. New Brunswick,
NJ: Masters Thesis, 2022.

Hargittai E. Introduction. In: Hargittai E, editor. Handbook of digital inequality. London: Elgar; 2021. p. 1-8.

van Dijk J. The digital divide. London: Polity; 2020.

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0319000 March 3, 2025 18/19



https://doi.org/10.1177/21676968221119945
http://www.ncbi.nlm.nih.gov/pubmed/38603297
https://doi.org/10.1177/0093650218796
https://doi.org/10.1177/0002764220919145
https://techpolicyinstitute.org/publications/broadband/digital-divide/broadband-prices-2024
https://techpolicyinstitute.org/publications/broadband/digital-divide/broadband-prices-2024
https://www.benton.org/blog/presumption-connected
https://www.benton.org/blog/presumption-connected
https://doi.org/10.5325/jinfopoli.14.2024.0019
https://doi.org/10.5325/jinfopoli.14.2024.0019
https://doi.org/10.1371/journal.pone.0239696
http://www.ncbi.nlm.nih.gov/pubmed/32997683
https://doi.org/10.1177/21676968211025348
https://doi.org/10.1177/0092055X20954263
https://doi.org/10.1177/0092055X20954263
http://www.ncbi.nlm.nih.gov/pubmed/38603024
https://www.everylearnereverywhere.org/resources/suddenly-online-national-undergraduate-survey/
https://www.everylearnereverywhere.org/resources/suddenly-online-national-undergraduate-survey/
https://doi.org/10.1177/0038040715614
https://doi.org/10.1007/s11162-009-9127-x
https://doi.org/10.1007/s11162-009-9127-x
https://doi.org/10.1353/csd.2004.0061
https://doi.org/10.1353/csd.2004.0061
https://doi.org/10.1016/j.jpubeco.2020.104271
https://doi.org/10.1016/j.jpubeco.2020.104271
http://www.ncbi.nlm.nih.gov/pubmed/32873994
https://doi.org/10.1016/j.copsyc.2023.101592
http://www.ncbi.nlm.nih.gov/pubmed/37270878
https://doi.org/10.1177/21676968211020225
https://doi.org/10.1177/21676968211020225

PLOS ONE

Pandemic digital inequalities and U.S. undergraduate outcomes

34.

35.

36.

37

38.

39.

40.

41.

42,

Hargittai E, Micheli M. (2019). Internet skills and why they matter. In: Graham M, Dutton W, editors.
Society and the internet: How networks of information and communication are changing our lives.
Oxford: Oxford University Press; 2019. p. 109-126.

Loepp ED. Introduction: COVID-19 and Emergency e-Learning in Political Science and International
Relations. APSC. 2020;54(1):169-71. https://doi.org/10.1017/s1049096520001511

Galperin H, Arcidiacono M. Learning from or leaning on? The impact of children on Internet use by
adults. New Media & Society. 2018;21(2):483-506. https://doi.org/10.1177/1461444818799996

GroSelj D, Reisdorf BC, Dolnicar V, PetrovCic A. A decade of proxy internet use: The changing role of
socio-demographics and family support in nonusers’ indirect internet access to online services. The
Information Society. 2022;38(4):240-56. https://doi.org/10.1080/01972243.2022.2080782

Van Deursen AJ, Helsper EJ. Collateral benefits of Internet use: Explaining the diverse out-
comes of engaging with the Internet. New Media Soc. 2018;20(7):2333-51. https://doi.
0rg/10.1177/1461444817715282 PMID: 30581362

Arcidiacono P, Hotz VJ, Maurel A, Romano T. Ex Ante Returns and Occupational Choice. J Political
Economy. 2020;128(12):4475-522. https://doi.org/10.1086/710559

Wiswall M, Zafar B. Human Capital Investments and Expectations about Career and Family. J Political
Economy. 2021;129(5):1361-424. https://doi.org/10.1086/713100

Krupnick M. More students are dropping out of college during Covid — and it could
get worse. Hechinger Report; 2022 Feb 10. Available from: https://hechingerreport.org/
more-students-are-dropping-out-of-college-during-covid-and-it-could-get-worse/

McMurtie B, Supiano B. The future of teaching. Chron Higher Ed; 2021. Available from: https://store.
chronicle.com/products/the-future-of-teaching

PLOS ONE | https://doi.org/10.1371/journal.pone.0319000 March 3, 2025 19/19



https://doi.org/10.1017/s1049096520001511
https://doi.org/10.1177/1461444818799996
https://doi.org/10.1080/01972243.2022.2080782
https://doi.org/10.1177/1461444817715282
https://doi.org/10.1177/1461444817715282
http://www.ncbi.nlm.nih.gov/pubmed/30581362
https://doi.org/10.1086/710559
https://doi.org/10.1086/713100
https://hechingerreport.org/more-students-are-dropping-out-of-college-during-covid-and-it-could-get-worse/
https://hechingerreport.org/more-students-are-dropping-out-of-college-during-covid-and-it-could-get-worse/
https://store.chronicle.com/products/the-future-of-teaching
https://store.chronicle.com/products/the-future-of-teaching

