AERA Open

January-December 2024, Vol. 10, No. 1, pp. 1-17

DOI: 10.1177/23328584241303875

Article reuse guidelines: sagepub.com/journals-permissions
© The Author(s) 2024. https://journals.sagepub.com/home/ero

Promises and Limitations in District Digital Capacity for Education
During COVID-19

Emily E.N. Miller
Johns Hopkins University

Sarah Pedersen

Microsoft Corporation

The roles of technology and education were at the forefront throughout the COVID-19 pandemic. This mixed-methods study
examines the role of the three levels of the digital divide (i.e., access, capability, and outcomes) during the COVID-19 pan-
demic in Kentucky. We create and analyze a new multifaceted measure of district-level digital capacity to examine the role of
prior investments in technological infrastructure and the relationship with student scores in reading, math, and the ACT exam.
Increased investment in digital preparedness leading up to the pandemic was protective against decreases in test scores.
However, nonmetropolitan and Appalachian areas did not experience the same benefits from their digital capacity invest-
ments compared with their metropolitan counterparts. Using interview data from the summer of 2021 with 16 educators
predominantly from Appalachian school districts, we discuss why these efforts to bridge the digital divide were hindered by

larger, systematic challenges faced by their students.
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Introduction

Throughout the COVID-19 pandemic, schools were cen-
ters of policy debate. Although 15% of students in the United
States attend rural schools (Showalter et al., 2019), there has
been little national discourse around COVID-19 policies
focused on these districts (Anderson, 2020; Schwartz et al.,
2021). Rural schools face issues similar to their urban coun-
terparts, including disadvantaged student bodies and teacher
shortages (Schwartz et al., 2021), struggles with communi-
cation, and lack of preparation for remote teaching (Huck &
Zhang, 2021), while also having distinct challenges such as
transportation, broadband access, and declining enrollment.
Despite this, there has been limited research on rural schools
and rural-urban comparisons during COVID-19.

In this paper we use a mixed-methods approach to exam-
ine a novel measure of school district digital capacity and
readiness prior to the COVID-19 pandemic. Then we exam-
ine how preparedness is associated with changes in test
scores. This paper provides insight into the decision-making
process to go remote, challenges with implementing policy,
and the limitations to digital preparedness in Appalachian
Kentucky. Taken together, our findings suggest that although
having more preparedness is beneficial, there are limits to

what district digital capacity can alleviate in nonmetropoli-
tan and Appalachian areas. We end with suggestions to bol-
ster future district and teacher preparedness.

Literature Review

Education research around the world has focused on the
digital divide, frequently defined as inequality of access to
information and information and communication technology
(ICT) (Liu, 2021). In the 1990s, the terms digital divide or
digital inequality referred to access to computers and the
internet (Cheshmehzangi et al., 2023). However, as technol-
ogy evolved, so did the conceptualizations of the digital
divide. Scholars thought of technology access as formative,
which is the lack of access to ICT in devices, connectivity, or
infrastructure, and substantive, which is a gap in interaction
and engagement with ICT. Put another way, others have
extended this idea of formative and substantive access to
classifying levels of digital inequality. The first level is
access to information technology; the second level is the
capability or skills needed to take advantage of technology;
and the third level is the gap in benefits and outcomes
(Dewan & Riggins, 2005; Wei et al., 2011). Since the pan-
demic, scholars have further added new levels and factors,
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such as gaps in algorithmic awareness and data inequalities
(Liu, 2021; Lythreatis et al., 2022).

Much of education research on the digital divide focuses
on the access to technology or formative elements (Liu,
2021). Increasingly, there is more emphasis on understand-
ing how the digital divide enfolds and can be addressed at
the school level as well as at the household and individual
levels, with research showing how despite efforts being
made to invest in hardware, the support does not extend to
improving other parts of the digital divide that address
instruction or learning (Ertmer & Ottenbreit-Leftwich, 2010;
Warschauer et al., 2004).

Our project extends the idea of the digital divide to focus
on the three levels outlined earlier (i.e., access, capabilities,
and outcomes) in Kentucky’s rural areas and Appalachia.
Kentucky is an interesting case study for rural America
with a diverse mix of rural and urban communities. In par-
ticular, in addition to the western rural counties, the state
has 54 rural Appalachian counties with historically under-
funded school systems out of a statewide total of 120
(Appalachian Regional Commission, 2021; Bickel et al.,
2003). These areas face challenges along all levels of the
digital divide. For the first level, access, there have been
long-standing challenges with broadband and high poverty
in rural areas. From 2017 to 2021, 66% of households in
the Kentuckian Appalachian region had access to a com-
puter and 76% had smartphone access compared with the
national rates of 79% and 87%, respectively (Pollard et al.,
2023). For gaps in the second level, capabilities, rural and
Appalachian areas face challenges such as teacher short-
ages, high turnover, and underinvestment (Cowen et al.,
2012; Jimerson, 2003; Nguyen, 2020; Oyen & Schweinle,
2020). Finally, we look at test scores to examine the third
level of the digital divide, outcomes.

Considering these challenges, the Kentucky Department
of Education (KDE) took numerous steps to address the dif-
ferent levels of the digital divide. To combat divides in
access, districts have implemented initiatives to buy a device
for every student and teacher, colloquially known as /:/ pro-
grams, and increased internet speeds inside schools
(Leadingham, 2021). At the capability level, numerous staff
positions, such as school technology coordinators and digital
learning coaches, have been created to help schools and dis-
tricts improve their use of technology and train staff
(Kentucky Department of Education, 2017). Furthermore,
Kentucky has a had a long-standing statewide strategy to
promote remote learning for nontraditional students (Nelson
et al., 2021). The efficacy of statewide policies is compli-
cated by variation within the state’s rural areas; for example,
the Appalachian region’s mountainous geography makes
providing broadband access a greater challenge than in the
plains in the west. The significant impact of region on school
strategy makes Kentucky a good case study to understand
the role of digital infrastructure and the digital divide on
learning during the COVID-19 pandemic.
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These regional access disparities are also exacerbated by
income disparities. In survey data from the pandemic, lower-
income parents were less likely to report that their students
had access to online instruction (69%) than upper-income
(87%) and middle-income parents (82%) (Horowitz, 2020).
Furthermore, 59% of lower-income parents with children
reported that their child was very or somewhat likely to face
digital obstacles in completing schoolwork (Vogels, 2020).
A national survey from fall 2020 found that 10% of children
did not have access to the internet and a computer for virtual
learning, with large racial and socioeconomic disparities
(Friedman et al., 2021). Real-time login data suggested that
only 60% of low-income students were able to regularly log
on for online instruction compared with 90% of high-income
students (Huck & Zhang, 2021). Rural areas and Appalachia
have higher poverty rates than the national average, indicat-
ing socioeconomic status—based challenges of access could
be intensified (Cohen, 2014).

Rural and low-income-area schools had less access to the
internet throughout the pandemic (S. K. Patrick et al., 2021).
Rural parents reported specific technological challenges,
with 39% reporting that it was very or somewhat difficult to
help their child with technology for online school compared
with 33% of urban parents and 23% of suburban parents
(Auxier & Anderson, 2020). In Tennessee, 67% of teachers
in rural areas reported needing better internet access com-
pared with 44% in suburbs, and >20% of rural/town dis-
tricts reported plans to distribute devices compared with
52% of city and suburban school districts (S. K. Patrick
etal., 2021) .

School districts were forced to balance real health con-
cerns and unknowns with concerns about student learning
and socialization (Goldhaber et al., 2022). Since then, evi-
dence has shown that remote learning is associated with
worsened standardized testing outcomes, even in countries
such as the Netherlands that have high coverage of broad-
band and equitable school funding (Engzell et al., 2021;
Lachlan et al., 2020; Oster et al., 2021). Evidence from the
National Assessment of Educational Progress shows that
there were large declines in math and reading scores for
9-year-olds and large disparities for low-performing stu-
dents, low-income students, and Black and Hispanic stu-
dents (Mervosh, 2022). Remote instruction was associated
with student declines in achievement for reading and math,
and declines were especially prevalent in high-poverty
schools, which were also more likely to be remote (Goldhaber
et al., 2022). These quantitative results only scratch the sur-
face of the disparate impact of remote learning during the
pandemic by analyzing test scores, which are only one piece
of schools’ fostering of student social, emotional, and intel-
lectual development (Zhao, 2022).

Early research and news coverage described the efforts
rural school districts undertook to provide digital access,
such as setting internet hotspots and addressing the obstacles
posed by mountains, inadequate transportation, a lack of
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facilities, limited student supervision, and training and staff
challenges, which tempered the effectiveness of these strate-
gies (Buffington, 2020; Marshall, 2022; Opalka et al., 2020).
Additionally, teachers in rural public schools reported differ-
ing opinions about the effectiveness of digital tools as well
as challenges with student internet access and limitations to
training (Kormos & Wisdom, 2021).

Rural schools experienced distinct challenges before the
pandemic that could exacerbate educational inequality.
Rural schools, frequently geographically remote, often pro-
vide wrap-around services and are important hubs for social
service delivery in the absence of nonprofit organizations
(Cohen, 2014; Walters, 2020). Shifts to online learning
might put extra pressure on staff due to added duties and
logistics to provide social services. Furthermore, rural areas
already face challenges with teacher recruitment and reten-
tion (Jimerson, 2003; Nguyen, 2020; Oyen & Schweinle,
2020). These challenges are especially salient in historically
underserved Appalachian regions (Cowen et al., 2012). The
digital divide and remote learning may have amplified these
preexisting hardships by forcing rural schools to push their
staff and resources beyond their already-thin limits.

This project used a mixed-method approach to examine
how school district digital capacity and infrastructure dif-
fered between metropolitan and nonmetropolitan and
Appalachian and non-Appalachian districts, how earlier
investment in both access and capability was related to stu-
dent achievement, and how local officials implemented
these programs and addressed the setbacks that occurred.
Focusing on understudied geographic areas, our study com-
bines state-level data and outcomes with qualitative insights
into how these policies were implemented on the ground and
challenges with education during the 2020—2021 school year
and the COVID-19 pandemic.

Methods

This project began as an interview project to understand
differences in rural and urban responses to the COVID-19
pandemic. The qualitative interviews, conducted over the
summer of 2021, took place via phone/video calls. We use

Map of Kentucky divided by metropolitan and appalachian status.

the Office of Management and Budget’s definitions for met-
ropolitan and nonmetropolitan. For the Appalachian coun-
ties, we use the Appalachian Regional Commission’s
definitions. Figure 1 provides a map of Kentucky counties
by metropolitan and nonmetropolitan status as well as
Appalachian or not.

As we were conducting interviews and writing up field
notes, we noticed themes around technological capacity and
access among educators. In addition to the lack of internet
access, our interviewees mentioned several policies, such as
the 1:1 device program and tools and trainings that either
helped or hindered the transition to and continuation of vir-
tual learning. This inspired us to examine whether there was
a way to quantify district preparedness for the transition to
virtual learning.

Our primary independent variable was a novel district
digital capacity (DDC) measure from the 2018-2019
school year, the last full school year before the COVID-19
pandemic. This is a variable comprised of 10 elements that
measure a school district’s preexisting digital infrastruc-
ture. Taken together, the elements of this variable capture
the district’s investment in digital access and capability
prior to the pandemic. Data came from the KDE’s
Kentucky Digital Readiness Survey. This state-level sur-
vey, part of a state regulation, is completed by district
staff, checked by the district’s chief information office,
and reviewed by statewide data stewards. Although, to our
knowledge, the survey has not been formally validated,
the survey instrument has been rigorously evaluated, and
staff have been thoroughly trained on the constructs and
variables addressed in the survey (Maynard, 2014). This
process, in combination with the data-review process,
gave us confidence in using this survey as a unique dataset
to examine district digital capacity.

We adapted elements from the “Instructional Devices and
Ease of Access” and “Technology Leadership, Service,
Support and Training Resources” sections of the Kentucky
Digital Readiness Survey for our measures of district capac-
ity. We focused on these two sections because they are
related to the investment school districts made in personal
technology use as well as in staff training, capacity building,
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and strategic planning. From this, we selected the following
elements and divided them into two subgroups: infrastruc-
ture and staff.

The first five elements represent the digital infrastructure
component, such as investment in technology and online
classes prior to COVID-19. These elements are related to
access to technology, the first level of the digital divide.

o District purchased devices. This is a binary variable if
the district purchased devices for a 1:1 implementa-
tion, which means that every student had a digital
device, laptop, or tablet.

o Complete device coverage. This is a binary variable if
the school district had more devices for students than
average district attendance.

e Had learning management system. This is coded as
“yes” if the district had a districtwide or schoolwide
approach for alearning management system. Examples
of such systems include Canvas, Blackboard, and
Google Classroom.

e Offered online or blended courses. This is a binary
variable if the district offered online or blended
courses for student credit.

o Offered all online courses. This is a binary variable if
the district offered all online or virtual courses to
students.

The five staff elements measure the district-level staff
positions and roles. These elements are aligned with the dig-
ital capabilities of districts, the second level of the digital
divide.

o Full-time education technology leader. This is coded as
“yes” if there is a district position that is a full-time
(>90% of the work year) educational technology leader.

o Strategic planning education technology leader. This
is a binary variable if the educational technology
leaders spend most of their day working on broad
strategy about using technology for learning and spe-
cific educational needs and challenges.

e Has full-time equivalent digital learning coach. This
is a binary variable if the district has a full-time digi-
tal learning coach. The holder of this position is
responsible for providing coaching and professional
learning for teachers in the use of digital tools.

e High district coverage of school technology coordi-
nators. This is a binary variable if the school district
had a school technology coordinator in 75% of its
schools. These coordinators represent school staff
charged with school-level technical assistance.

e High district coverage of in-house technical assis-
tance. This is coded as “yes” if >50% of schools in
the district have a position for a technician to focus on
daily operations and maintenance.

We use three measures of student achievement for our
dependent variables: the ACT and State Assessment
(K-PREP) math and reading scores, which are found in the
KDE datasets (Kentucky Department of Education, 2022a).
The K-PREP tests are administered annually for grades 3
through 8, 10, and 11.

We used the percent change in test scores from 2019 to
2021 as our dependent variable. To calculate our outcomes
for math and reading, we used the state K-PREP scores. We
looked at the percentage of students who were proficient or
distinguished in the 2020-2021 school year and calculated
percent change from the percentage of students who were
proficient or distinguished in 2018-2019. By calculating
percent change, we incorporated the relative starting point of
schools’ test scores, which factors in variation in school con-
text and testing environments. By using percent change, we
were measuring relative change at each school instead of
assuming that the same percentage point decrease operated
the same in all schools. For example, a 5 percentage point
decrease in test scores from 65 to 60 is a smaller percent
change (—7.6) than a decrease from 30 to 25, which is a per-
cent change of (—16.6). Similarly, we use percent change in
the composite ACT score. All Kentucky public high school
students are required to take the ACT exam in the spring of
their junior year (Kentucky Department of Education,
2022b). Average ACT scores measure student achievement
against a national benchmark and are important indicators of
college readiness.

The combination of these variables captures both state
and national benchmarks across different subjects. We used
these outcomes because of data availability, standardization,
and variation. Scholars have pointed out that relying on test
scores is often a narrow definition of education. Education
occurs both inside and outside the classroom, and test scores
do not reflect this (Zhao, 2022). Furthermore, focusing
solely on test scores and “learning loss” might encourage
suboptimal education practices such as teaching to the test or
shortchanging other subjects (Zhao, 2022). We used the
composite ACT score to avoid relying solely on state tests.
The ACT exam incorporates four subjects (i.e., reading,
writing, math, and science). While the ACT is still a test with
its own shortcomings, its focus is college readiness and is
further removed from the idea of teaching to the test.
Furthermore, we employed interviews with education offi-
cials to illustrate challenges beyond test scores. The inter-
views drew attention to other strengths and weakness of
digital capabilities to illustrate the importance of holistic
education and response.

Finally, we controlled a set of school and county char-
acteristics from the 2015-2019 American Community
Survey:

e School enrollment. We used raw aggregate enroll-
ment numbers displayed in hundreds for all districts



TABLE 1
Average district digital capacity and controls

District digital district % Free and Enrollment Full-time

Number of  District digital capacity: digital reduced- price in 100s of staff per 100 Household
Factor districts capacity infrastructure  capacity: staff lunch students students % unemployment size
All districts 171 5.89 3.66 2.23 56.96 41.33 6.04 6.43 2.5
Metropolitan 57 6.49 3.93 2.56 50.01 70.67 6.07 5.13 2.54
Nonmetropolitan 114 5.6* 3.53% 2.07* 60.44%** 26.66%* 6.03 7.08%** 2.48%**
Non-Appalachian 98 6.03 3.7 2.33 51.77 52.28 6.02 5.29 2.51
Appalachian 73 5.71 3.6 2.11 63.94%** 26.63+ 6.07 7.96%** 2.48+

+p <.10; *p < .05; *¥*p < 01; *#*¥p < 001.

from the 2020-2021 school year from the KDE
(2022a). Bigger schools and school districts might
have more resources due to economies of scale and
fewer transportation challenges.

o Full-time equivalent (FTE). We used the reported
aggregate FTE numbers for each district from the
2020-2021 school year from the KDE (2022a). FTE
is equivalent to one employee with a 40-hour work-
week, and it scales proportionally (such as a 20-hour
workweek corresponding to 0.5 FTE). In our analy-
sis, we used FTE per 100 students because it is a
better indication of whether these districts have ade-
quate staff in comparison with the size of their stu-
dent body.

o Free and reduced-price lunch (FRPL). For schools
with predominantly low-income populations, the
Community Eligibility Provision (CEP) program
has allowed districts to offer free meals to all stu-
dents (M. Patrick, 2016). The KDE has data on the
number of students in each district who are eligible
for FRPL. These numbers reflect students whose
household incomes are at or below 185% of the pov-
erty line.

o Percent unemployed. We used this as a proxy for eco-
nomic conditions at the county level.

e Household size. Household size may influence stu-
dent outcomes in a couple of ways. Households with
more adults may be better prepared for online school-
ing because one adult may be able to stay at home
with and supervise children. Larger households, how-
ever, may reflect crowded homes where students
might not have a suitable studying environment.

Although we did our best to address different prepan-
demic contexts, look at relative measures, and control for
school-level characteristics, due to data limitations, we were
unable to fully account for cumulative inputs, such as teacher
quality and prior student achievement, that capture instruc-
tional quality better than proficiency scores, Thus, our
results are based on a narrow outcome and incomplete mea-
sure of instruction quality. However, our results are

indicative of how DDC shaped teaching and instruction in
schools and how educators adapted to the pandemic with
teaching material on state tests and the ACT exam. Future
research can further extend the idea of DDC to more holistic
measures of instruction quality and other outcomes.

Results
Sample Descriptives

Using our novel measure, we examined a number of
school district policies that shaped digital access across geog-
raphies. Table 1 shows DDC and other covariates overall and
for geographic subgroups: metropolitan and nonmetropolitan
and Appalachian and non-Appalachian. We did two-tailed #
tests to see whether there were significant differences in the
group means of the metropolitan and nonmetropolitan and
the Appalachian and non-Appalachian areas.

Table 1 presents the statistics for school DDC and our
control variables. Metropolitan districts have one more DDC
element than nonmetropolitan districts (6.5 vs 5.6), and this
is a statistically significant difference. There is also a statisti-
cally significant difference between metropolitan and non-
metropolitan counties for each subset of DDC elements.
This gap mirrors prior work showing differences in digital
capacity measured by broadband access (Auxier & Anderson,
2020; Golden et al., 2023; Kormos & Wisdom, 2021; Lake
& Makori, 2020). Nonmetropolitan areas had statistically
different higher percentages of students eligible for FRPL
(60.4%), more unemployment (7.1%), and slightly smaller
family sizes compared with their metropolitan counterparts.
The number of FTEs per 100 students is similar. Appalachian
and non-Appalachian districts are similar for DDC, but
Appalachian areas have statistically significant higher FRPL
eligibility (Appalachian counties have an average of 63.9%
vs 51.8%) and more unemployment.

Table 2 shows the dependent variables by rurality, the
dependent variables of change, and tests scores by geographic
subgroups. In 2019, there was no statistical difference in
math or ACT results between metropolitan and nonmetro-
politan and Appalachian and non-Appalachian districts for
math and the ACT exam. In reading, nonmetropolitan and



TABLE 2
Test scores and change from 2019 to 2021 by geographic subgroup

Math Reading Composite ACT
% % % Change % % % Change % Change

Proficient, Proficient, from 2019 Point Proficient, Proficient, from 2019 Point Composite, Composite, from 2019 to Point
Factor 2019 2021 to 2021  difference 2019 2021 to 2021  difference 2019 2021 2021 diffference
Overall 48.4 31.8 —34.0 —-16.6 55.4 40.1 —26.9 -15.4 18.2 17.3 5.4 -1.0
Metropolitan 49.0 33.8 -31.6 -15.2 53.0 39.5 —25.5 -13.6 18.2 17.6 —4.47 -0.9
Nonmetropolitan 48.0 30.1%%% 35 9%kk 7 RkEx 57k 40 4%kE 280 —16.8%* 18.2 17.2% —0.22%* —1.2%
Non-Appalachian 48.8 335 -31.6 —15.4 53.9 40.0 -25.6 -14 182 17.6 —4.74 -0.9
Appalachian 47.8 28.8%** 3R ¥wE —]RQmkE 57 5kkE 40,1 —28.8%Hk 17 4k 18.2 16.9* —6.65%* —1.3%*
+p <.10; *p < .05; ¥*p < .01; ***p < .001.
TABLE 3
Percent of school districts that have specific elements of district digital capacity

High District Learning Offered  Offered Had full-time Had education Had digital Had school Had in-house
device bought management blended online education technology leader learning technology  technology

Factor N coverage  devices system courses  courses technology leader focused on strategy coordinator —coordinator leader
Overall 171 0.54 0.57 0.8 0.92 0.83 0.77 0.41 0.37 0.43 0.26
Metropolitan 57 0.63 0.72 0.81 0.91 0.86 0.72 0.49 0.44 0.56 0.35
Nonmetropolitan 114 0.5" 0.5* 0.79 0.92 0.82 0.79 0.37 0.33 0.36* 0.22
Non-Appalachia 98 0.53 0.63 0.73 0.94 0.87 0.78 0.39 0.42 0.44 0.31
Appalachia 73 0.56 0.49%* 0.88%* 0.89 0.78 0.75 0.44 0.3 0.41 0.21

*p <.05; **p < .10.

Appalachian counties had a statistically significant higher
percentage of proficient scores. These results suggest that
prior to the pandemic, nonmetropolitan and Appalachian
school districts were in some cases outperforming their met-
ropolitan and non-Appalachian counterparts. However, when
it comes to percent change between 2019 and 2021 scores
and percentage point differences, nonmetropolitan and
Appalachian districts experienced statistically significant
larger declines than metropolitan and non-Appalachian dis-
tricts. This divergence in test scores in all three measures in
Appalachia suggests that the region was especially impacted
by the COVID-19 pandemic.

Finally, we present the percentage of school districts that
have each element of the DDC. Table 3 provides the full
results and differences between geographic subgroups. The
least common elements are having an in-house technician
(26%) and having a position focused on educational tech-
nology strategy (41%). The offering of blended courses is
the most common, with 92% of districts having offered a
course. This is an important element of preexisting digital
infrastructure, so we included it in our primary analysis.
However, because there is limited variation, we also per-
formed a sensitivity check where we excluded this element
from analysis. There are few differences in the prevalence
of elements between metropolitan and nonmetropolitan
areas, but nonmetropolitan districts were less likely to have
bought devices or have a school technology coordinator.

Appalachian school districts were more likely to have a
learning management system.

Multivariate Results

Next, we turn to the multivariate results. We used ordi-
nary-least-squares (OLS) regressions. We used OLS because
of the efficiency of the modeling technique given our sample
size and because descriptive data (scatterplots of the inde-
pendent and dependent variables) suggested a linear trend
such that the assumptions of OLS are reasonable. The depen-
dent variable was the percent change in average school
scores between 2019 and 2021. The independent variable
was the DDC. Table 4 describes the relationship between
each additional element in the DDC and the change in aca-
demic outcomes. For both the percent proficient in math and
ACT scores, each additional element of the DDC was posi-
tively associated with test scores, indicating that the percent-
age point change from 2019 to 2021 was shrinking, not
expanding. For math, an additional element was associated
with a substantive and significant 0.77% increase in students
being proficient in math at the p < .05 level. For ACT scores,
an additional element of DDC was associated with a 0.56%
increase in aggregate ACT score at the p < .01 level. There
was no association with reading. These results indicate that
school districts that had prior experience with staff to assist
with education technology and investments in infrastructure



TABLE 4
Full regression table of district digital capacity on test scores

Math Reading ACT
District digital capacity 0.77* 0.14 0.56%*
(0.083) 0.27) (0.20)
[0.03—1.51] [-0.40-0.67] [0.17-0.94]
Free and reduced-price lunch —0.51%** —0.17%* -0.01
(0.07) (0.05) (0.04)
[-0.65-0.37] [-0.27-0.07] [-0.08-0.06]
Enrollment in 100s —0.01*** —0.00 0.00
(0.00) (0.00) (0.00)
[-0.02 to —0.01] [-0.00—-0.00] [~0.00-0.00]
Full-time equivalent per 100 students -1.77 0.92 —-0.05
(1.35) (0.91) (0.66)
[-4.41-0.88] [-0.86-2.71] [-1.35-1.25]
Percent unemployment -0.33 -0.36 —-0.05
(0.35) (0.23) 0.17)
[-1.01-0.35] [-0.82—-0.09] [-0.37-0.28]
Average household size —4.05 2.09 —2.69
(5.15) (3.82) (2.79)
[-14.15-6.05] [-5.40-9.58] [-8.18-2.79]
Intercept 13.78 —26.57* -1.27
(17.00) (12.27) (9.00)
[-19.59-47.15] [-50.64 to —2.50] [-19.00-16.46]
Observations 1,080 1,402 255
R’ 0.11 0.03 0.07

*p <05 ¥p < 01; **%p < 001,

did not see as much of a decrease in test scores as school
districts without this infrastructure, suggesting that DDC
potentially can alleviate these challenges in virtual educa-
tion. Similar to prior research, we found that for schools with
more students eligible for FRPL, there were negative asso-
ciations with math and reading scores (Golden et al., 2023;
Goldhaber et al., 2022; Mervosh, 2022).

Next, we separated the DDC measures into the subcom-
ponents of staff and training (full-time staff for education
technology, education technology staff focused on strategy,
full-time digital learning coordinator, in-house technology
support, high district coverage of school technology coordi-
nators) and digital infrastructure (district-purchased devices,
district complete coverage of devices, learning management
system, offered online blended courses, offered online
courses). The infrastructure elements captured district access
to digital tools, the first level of the digital divide. The staff
elements addressed the use of said resources, the second
level of the digital divide. By using these different measures
and ways of imaging digital infrastructure, we got a more
in-depth understanding of digital infrastructure compared
with just measuring broadband access.

For the staff and training subcomponents of the DDC,
there was a significant association of a 1.31% increase for
math proficiency at the p < .05 level and a 0.76% increase

coefficient for ACT score at the p < .05 level. There were no
associations for the infrastructure subcomponents. The
results for the association between the DDC and percent
change in test scores are summarized in Figure 2. The coef-
ficient plots show the direction and the 90% and 95% confi-
dence intervals of the DDC regression coefficient by
subgroups. The full table is available in the Supplementary
Material in the online version of this journal.

Because prior literature focused on the digital divide in
rural areas, the descriptive tables indicate diverging paths in
test scores, and our interviews were with predominately rural
educators, we stratified the sample by both nonmetropolitan
areas and counties that are in Appalachia. Figure 3 shows the
association between the DDC and the various test scores for
metropolitan and nonmetropolitan areas and Appalachian
and non-Appalachian districts. For metropolitan areas, the
full DDC measure was positively associated with math (1.60)
and the ACT scores (0.65) at the p < .05 level. For nonmet-
ropolitan areas, the DDC was not associated with any test
score outcomes. Similarly, in non-Appalachian districts, the
DDC was associated with a percent increase in math (0.95)
and ACT scores (0.46) at the p < .05 level, but there were no
associations in the Appalachian districts.

Next, we examined whether there was a consistent ele-
ment that was associated with percent change in the outcome
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FIGURE 2. Subcomponents of district digital capacity on percent change in test scores.

variables. Overall, there was no one element that was associ-
ated with percent change for all test scores. The results for
element associations are summarized in Figure 4 for the staff
elements and Figure 5 for the infrastructure elements. For
the staff elements, having education technology staff focused
on strategy was associated with a percent increase in math
(4.54; p < .001), and in-house technical support was associ-
ated with percent increases in ACT scores (1.80; p < .05).
However, having high school technology coordinator cover-
age was associated with a decrease in reading scores (—2.48;
p < .05). Shifting to the infrastructure elements, purchasing
devices for a 1:1 policy was associated with a percent
increase in math scores (2.69; p < .05), and offering online
courses (4.0; p < .01) and blended online courses (3.93; p <
.05) was associated with a percent increase for reading
scores. Offering online courses also was associated with a
percent increase in the ACT scores (3.04; p < .01).

We did a series of sensitivity analyses. First, we examined
whether the relationship between the DDC and test score dif-
ferentials was concentrated in schools with the prepandemic

lowest test scores or the schools with the highest test scores.
It is possible that schools that already had low percentages of
proficiency might be hit especially hard during the pandemic
because they were already underresourced and understaffed.
Likewise, well-performing schools might experience the
least percent change because of an already established sys-
tem that was able to produce students who do well on stan-
dardized tests. Thus, we stratified the sample into quartiles of
test scores in 2019 for each of the three outcomes. However,
despite the coefficients being of similar magnitude and direc-
tion as the primary results, there were no significant associa-
tions at any quartile level, suggesting that the associations
with the DDC were not limited to schools with a specific
range of test scores either lower or higher. Next, because
Table 3 showed a high prevalence of the offered blended
courses element of the DDC, we removed this element from
the DDC construct. When we removed this element, the pri-
mary results were confirmed. Finally, we looked at the per-
centage point change in test scores as opposed to percent
change. Results confirmed the same pattern of results as the
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FIGURE 3.

primary analyses overall and both geographic subgroups
when we used this transformation of test scores.

Qualitative Interviews

Our quantitative statewide analyses of change in test
scores showed that having robust district digital infrastruc-
ture was positively associated with test scores, acting as a
safety net for the large decreases that occurred from 2019 to
2021. However, these associations were only present for
metropolitan and non-Appalachian areas of the state.
Furthermore, test scores only describe a small sliver of the
education system, outcomes, and processes. Thus, we used
the qualitative interviews to understand the why behind our
quantitative findings, especially why nonmetropolitan and
Appalachian areas might not have experienced the benefits
of DDC in educational outcomes.

First, we examined how teachers and administrators
approached long-standing broadband issues for their stu-
dents and staff. We looked at how not only the internet but
also a district’s access to other resources and digital literacy

District digital capacity on percent change in test scores by geographic subgroup.

training/staff influenced remote learning policies. We con-
clude this section by diving into the toll these responsibili-
ties took on educators as well as how they understood the
impact of remote instruction on their students throughout the
2020 and 2021 school years.

The project initially set out to examine differences in
COVID-19 response in rural and urban communities.
Participants were prompted with questions about challenges
they and their families faced in 2020 and 2021 as well as
safety behaviors such as mask wearing and vaccinations.
Due to safety concerns, in-person recruiting was limited, so
we sought to spread awareness of the study through media,
listservs, and word of mouth. A call for participants was pub-
lished in print in the local newspaper and online across eight
regional news publications and distributed to three different
school grade systems in Appalachia. Due to these strong
contacts with school networks, half our first 10 interviewees
were involved in the education system and discussed not
only their students’ responses to remote learning but also
their own preparedness for it. Thus, we pivoted the project to
focus on education and school response.
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FIGURE 4. Effect of each staff element of district digital capacity on percent change in test scores.

After this shift, interviews with school staff about their
day-to-day lives during COVID-19 brought attention to con-
cerns about remote learning, district technological capacity,
and uneven outcomes among students. We interviewed 16
Kentucky educators from June to August. Of these 16 educa-
tors, 14 worked in Appalachian counties. The interviews
averaged 33 minutes in length. All interviewees identified as
non-Hispanic White; more than two thirds (69%) were
female; and their ages ranged from 34 to 61 years with an
average age of 48 years. All interviewees had at least a bach-
elor’s degree and had an average household income of
$110,000. All except one worked in public school or univer-
sity systems. The diversity of roles within school districts
(i.e., teachers, coordinators, administrators, and superinten-
dents) and levels of education (i.e., elementary
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through university) within the qualitative data allowed for
the analysis of how the impact of the COVID-19 pandemic
varied across Kentucky school districts.

The qualitative data were analyzed initially through a
flexible approach that did not use a priori codes and was
appropriate to a mixed-methods project (Deterding &
Waters, 2021). SP took field notes immediately following
each interview. SP initially reviewed transcripts with an
open-coding process; this is when we noticed that challenges
teachers and administrators faced with instruction were
amplified by technological and digital capacity. The quanti-
tative analysis and prior research on the digital divide and
broadband challenges pointed our attention toward the con-
cept of DDC in interviews. Next, motivated by a narrower
research question and theory, we switched to a formal



Math

Majority of Schools Have High Device Coverage —*—*
= : Model
Has Leaming Managment System Policy ——=< - 2
' ¥ APurchased Devices
' ¢ B.High Desica Coverage
District Purchases Devices o 1
' ¢ C.HasLMs
‘ ~? D. Offers Blended Courses
District Offers Online Courses 4 - pr——— : E. Offers Online Courses
District Offers Blended Courses
-4 4 8
Coefficient
Read
Majority of Schools Have High Device Coverage 4 ‘—' A
] Model
Has Leaming Managment System Policy{ ——C————— L
' % A Purchased Devices
' |
. ' ¢ B.High Device Coverage
District Purchases Devices —— A
‘ ¢ C.HasLMS
:‘ D. Offers Blended Courses
District Offers Cnline Courses A : £ Offers Online Courses
District Offers Blended Courses
25 0.0 25 50 75
Coefficient
ACT
Majority of Schools Have High Device Coverage 4 *—:—1—’—
H Model
Has Leaming Managment System Policy{ ———— A
' ¥ A Purchased Devices
: ¢ B.High Device Coverage
District Purchases Devices 4 T 1
' ¢ C.HasLMS
<:? D. Offers Blended Courses
District Offers Online Courses 1 7 : E. Offers Online Courses
Oistrict Offers Blended Courses
-25 0.0 25 50
Coefficient

FIGURE 5.

templating coding process (Blair, 2015; King, 2012). We
revisited the transcripts and searched for the following
themes: (1) fully remote versus hybrid teaching experiences,
(2) previous teaching experience with technology and inter-
net access, (3) logistical challenges of delivering resources
to students, (4) communication between school districts and
communities, and (5) socioeconomic gaps and inequality
divides among students. Using this targeted approach
allowed us to better understand our respondents’ ideas on
how DDC had differential impacts in nonmetropolitan and
Appalachian areas.

The time frame of our analysis allowed for retrospection
because data collection occurred | year into the COVID-19

Effect of each infrastructure element of district digital capacity on percent change in test scores.

pandemic. This contrasts with previous studies, which
focused on the strategies at the start of the pandemic and
frequently asked for hypotheticals or predictions of behavior
(Horowitz, 2020; S. K. Patrick et al., 2021; Vogels, 2020).
Furthermore, early pandemic studies discussing challenges
to remote education and the digital divide relied on immedi-
ate responses and speculation (Lai & Widmar, 2021; Opalka
et al., 2020). The interviews we collected provided more
timely and expansive responses of the first full year of
schooling amid the COVID-19 pandemic. Our study focused
on the implementation challenges for remote learning, how
these policies rolled out throughout the school year, and how
they impacted students, teachers, and districts.
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Digital Access: Long-standing Broadband Challenges and
Bringing the Internet to Students

Education professionals in Appalachia expected regional
broadband access to be a challenge as COVID-19 closures
began, which resulted in the prioritization of fast/accessible
internet for students as a core priority across districts in the
switch to remote learning. Early responses focused on the
aspects of DDC that are related to infrastructure and access,
such as broadband and device availability. However, depend-
ing on the size and resources of the respective district, efforts
to ensure high-speed broadband access came in many differ-
ent forms that often went above and beyond prior invest-
ments in digital infrastructure captured in the quantitative
measures.

One strategy included bringing internet access directly to
students. A high school teacher described how her school
partnered with local utility companies to provide traveling
internet boxes that students and even some teachers could
use. Another high school teacher said that his district was
able to lend cellular data sticks to some families with multi-
ple students. However, these teachers both taught at rural
independent school districts, which were run by local munic-
ipalities; had smaller student bodies, and were mostly made
up of students who lived within town/city limits—meaning
that they were more likely to have internet already. This
made it more feasible to target individual students and fami-
lies who may have had the most trouble connecting.

Therefore, for school districts responsible for serving
geographically expansive rural counties, providing internet
to students on an individualized basis was nearly impossible.
Instead, a common effort undertaken to mediate challenges
was the creation of Wi-Fi hotspots in various locations
throughout the county. This was enabled by collaboration
with community institutions. One school district administra-
tor described working with volunteer fire departments to
offer these hotspots at fire stations throughout their county.
Similarly, a rural district superintendent described how his
district set up hotspots at the county’s libraries, several
churches, and even a local private university’s computer
labs. Nevertheless, he found that these spots were underuti-
lized, due in part to a lack of transportation:

We just didn’t have many people take advantage of that, and I think
that was lack of transportation. We are a very, very large rural
district—we are a big county—so even our bus routes, they are very
long bus routes every day. So I think just the geographic distribution
of where our students are is a challenge.

When these efforts failed, schools resorted to manual
delivery of course work. The superintendent mentioned that
they coped with the geographic challenges by delivering
assignments on flash drives but that “it took a lot of man-
power to try to level the playing field for those students who
[were] in difficult situations.” Similarly, an elementary
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school teacher from eastern Kentucky tried to hold class
online when her school first went remote but resorted to
paper packets after hearing complaints from parents. Even
after this change, she still encountered challenges with par-
ents who had difficulty traveling to the school on packet
pickup days. These experiences highlight the pitfalls of
DDC elements in large Appalachian districts. To take advan-
tage of school-provided devices, students must have had
access to the internet; to reach a Wi-Fi hotspot, students
must have had access to transportation. Even if a district
offered programs to address each potential barrier, they
required effective communication channels between district
personnel and families. This demonstrates how schools with
the capacity to bring internet or other resources to students
still could not always overcome overarching challenges of
geography or transportation, especially all at once.

Digital Capacity and the Decision to Stay Remote

The interviewees stressed that their district’s ability to
effectively teach students remotely depended on a multitude
of factors beyond at-home internet access. Even if schools
were able to anticipate and mitigate broadband issues, they
quickly found that there were other factors limiting the effi-
cacy of online learning. Two such factors that were repeated
by educators were related to levels of the digital divide: (1)
access because of lack of devices that students could bring
home and (2) capabilities due to inexperience with online
platforms such as Google Classroom.

Our quantitative results found that if districts had pur-
chased devices in 2019 for a 1:1 policy, there was an associ-
ated increase in math scores. However, when COVID-19
shut down the schools, many rural districts had not yet
invested in having complete device coverage; nonmetropoli-
tan and Appalachian districts were less likely to have pur-
chased devices in 2019, and nonmetropolitan districts were
less likely to have complete coverage. This reality was
reflected on the ground throughout our interviews. For
example, a superintendent noted this was a main reason why
they used paper packets for the 2019-2020 school year and
prioritized handing out devices to students that August. For
schools who had activated their 1:1 policy, device distribu-
tion was a barrier. A high school teacher from southeastern
Kentucky mentioned that although the school offered
devices, it still struggled with issues of communication and
parental involvement:

We had parents calling the school saying, “Why are my kids failing,”
and they’re like, “Well, they’re supposed to be doing their work
online.” And they [the parents] were like, “Wait, they’re supposed to
be working on that this whole time?”

This highlights how the infrastructure for these programs
goes beyond the technology itself used for remote learning.



The presence of a program and devices was not sufficient to
ensure uptake and use. Getting the devices to the students
required robust remote communication systems between
schools and families. In this district, miscommunication
resulted in mismatched parental and school expectations for
remote learning.

Furthermore, having previously offered online or blended
courses was beneficial for school outcomes, showing the
importance of prior experience with these tools. Educators
reflected these findings. Teachers described varying levels
of preparedness and confidence when shifting to technology
and online learning tools—particularly Google Classroom.
One high school teacher described getting individually
trained with technology through a program called the
ITeacher Fellowship and how she wished that other teachers
had experienced the same professional development prior to
the pandemic: “I can remember being so resistant to
Google—like I was an 80-year-old woman, like ‘I don’t
want to use Google Slides, I don’t want to use Google Docs,
I’ll just use my same old PowerPoint for forever.” I can
remember feeling that way, but I wanted to learn.” This
teacher said that she was “so thankful” she got her certifica-
tion, wishing that her district had invested in professional
development on asynchronous learning prior to the pan-
demic. Likewise, a high school science teacher felt that the
move to online learning was easier for him than his peers
who taught in other districts because his school had already
been using Google Classroom for a few years before the
pandemic.

However, the interviewees also discussed the limitations
of training and digital infrastructure. Because teachers found
the transition to Google Classroom difficult for themselves,
they especially empathized with the experiences of families
and young students. A second grade teacher from eastern
Kentucky described working parents and grandparents who
struggled to help their children adjust to online classes:

A lot of our parents and grandparents (because I have a lot of
students who are being raised by grandparents), they struggled with
using it with the little student Chromebooks. So I think after about a
month of trying to struggle through them doing the lessons on the
Chromebooks, I just went to a situation where it was video lessons
because I also had issues with kids logging on with me when I was
on, [saying] “Mom’s at work; she can’t help me get on.”

Perspectives such as this emphasize how access is only
one part of the story to make online learning accessible to
all; previous investment in and experience with online edu-
cation play an important role in shaping remote learning out-
comes for both students and teachers.

Limitations for DDC

On top of overcoming the obstacles described earlier to
even enable remote learning, educators still had to find

District Digital Capacity for Education and COVID-19

time to perform their traditional responsibilities while tak-
ing care of themselves and their families during the pan-
demic. This constant stress had a noticeable toll. The
superintendent we interviewed ultimately made the deci-
sion to retire that summer, in part due to the intensity of his
job throughout COVID-19:

The job was 24/7, you know, because it was so many different
avenues of instruction and transportation and food service and
sports. . . . And then just trying to respond to the parents and trying
to reassure them and trying to keep staff morale up as much as you
can, it did have its toll. I joke with people; a lot of these gray hairs
came over the last year.

As administrators recognized the pedagogic differences
between in-person and remote lesson planning, districts took
concrete steps to try to reduce some of the load on teachers
who were teaching in both in-person and virtual classrooms.
A middle school principal explained his district’s decision to
make every Friday virtual to give “teachers the chance to get
their lessons loaded in Google Classroom, record videos,
and be available for virtual students with office hours.”
Another district had an alternate solution for hybrid educa-
tion where it designated one teacher as fully virtual for each
subject to ensure that teachers did not have to manage in-
person and virtual classrooms simultaneously.

With systems like these, teachers were able to focus their
attention less on classroom management and more on how
best to fit the needs of their students in each setting. One
high school chemistry teacher described how she and her
students’ early unfamiliarity with Zoom screen sharing
meant that she had to alter her traditional teaching style. In
cases where she would typically point out students’ mathe-
matics mistakes, she struggled to provide individual feed-
back because she could not examine their work over Zoom:
“There’s a lot to be said for being in person with your stu-
dents and seeing what they can do and what they cannot do.
... It would have fixed things in mere seconds versus what
took me weeks to uncover and dig through and find with
them [remotely].”

While prior experience with online education may have
improved digital capacity for remote learning on a district
level, the teachers indicated that it may not always help indi-
vidual families. The second grade teacher felt that her dis-
trict’s efforts had disparate impact based on a student’s
socioeconomic status. She stated, “I could see children from
homes with parents who were educated and had good jobs
and the money to have good babysitters and help their kids,
and there were certain children in my room that I never saw
for in-person [teaching] at all.”

From witnessing it in their own classrooms, the educators
were acutely aware of the negative developmental impact of
remote learning on their students by summer 2021. One rural
educator whose job was to support and guide teachers said,
“Students who always got their work done were F students;
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they were just not even turning in anything. . . . Even when
they came in to take the ACT, the students that did come in
to take it; it’s almost like they almost didn’t have any stam-
ina to take a test because of the isolation.” This quote stresses
the variety of factors limiting student performance, such as
mental health and energy struggles, which cannot be uncov-
ered by looking solely at the quantitative data.

Discussion and Implications

A substantial body of literature has focused on the effects
of remote learning amid the COVID-19 pandemic (Engzell
et al., 2021; Goldhaber et al., 2022; Lachlan et al., 2020;
Oster et al., 2021). Our contribution highlights how existing
inequalities facing nonmetropolitan and Appalachian school
districts in Kentucky impacted their ability to confront the
digital divide, worsening educational outcomes despite sim-
ilar starting points. In line with other early work on digital
access efforts in 2020 and 2021 (S. K. Patrick et al., 2021),
we found that DDC was associated with increases in state
mathematics test scores and ACT scores between 2019 and
2021. However, our results showed that this technological
“boost” was not universal. Despite metropolitan districts
seeing significant associated increases between DDC and
math and reading scores, nonmetropolitan and Appalachian
districts saw no association between DDC and test scores.

Furthermore, we expanded the idea of the digital divide
to go beyond broadband access and look at policies about
staff and infrastructure development. Our research can help
shape policy ideas that are relevant to digital teaching more
generally, not just confined to the extreme case of a pan-
demic. Beyond the pandemic, online learning is a reality of
the 21st century and, at its best, has great potential to expand
learning beyond the classroom and bring new opportunities
to nontraditional students as well as those in remote, low-
income communities. At the conclusion of our interview, a
rural superintendent said that he expected “the virtual
option” to be the “biggest change that will come to public
education” because of the pandemic. The 2020 and 2021
school years, therefore, can be retrospectively analyzed and
imagined as a stress test revealing how school districts can
better direct resources to support digital learning and under-
served populations going forward.

Our work suggests that metropolitan areas are more likely
to reap benefits from investing in DDC directly. Taking
broadband hotspots as an example, in Tennessee, Patrick
et al. (2021) found that teacher-reported engagement in vir-
tual instruction was higher in suburban/urban districts with
fewer economically disadvantaged students if they supplied
hotspot access throughout COVID-19. Our quantitative
results build on this finding to demonstrate that while this
may work in metropolitan locales, it does not have a direct
mapping onto the nonmetropolitan and Appalachian set-
tings. The qualitative interviews explained why by revealing
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how community-access hotspots in large Appalachian dis-
tricts were underused due to transportation concerns and that
only wealthier, smaller districts could provide individual-
ized broadband boxes to homes. This shows us that just
investing in digital infrastructure is not enough; school dis-
tricts can provide lots of flexibility (e.g., device distribution
and digital hotspots), but long-standing barriers of transpor-
tation, communication, and socioeconomic status limit the
benefits of these measures, mirroring other work on the
additional challenges facing rural areas (Auxier & Anderson,
2020; Golden et al., 2023; Goldhaber et al., 2022; Schwartz
et al., 2021)

What can rural and Appalachian districts do to overcome
this gap? The staff subcomponents of DDC taken together
are associated with increases in test scores. However, in non-
metropolitan areas, there were fewer elements of staff DDC
than in metropolitan areas. Using what we learned from
interviews, future policies can capitalize on both recogniz-
ing the importance of these staff positions and tailoring solu-
tions to nonmetropolitan and Appalachian contexts.

One idea is to hire staff dedicated to a “big strategy” and
deliberate, school-specific coordination efforts related to
technology. For example, the Appalachian district leader
who described targeted strategies such as designating teach-
ers for remote versus in-person education felt that it bene-
fited issues of hybrid classroom management and staff
burnout; this may help address not only issues related to
digital capacity but also underlying problems of teacher
retention and changing labor forces in these areas. Having a
designated position for these responsibilities could alleviate
some of the pressure facing individual teachers on how best
to communicate information about device distribution and
digital assignments (such as how to use Chromebooks) to
parents, guardians, and grandparents. Educational technol-
ogy staff also could do outreach to parents and other com-
munity members on how to best use technology.

In addition to hiring technology-specific staff positions,
we also believe that investment in digital professional devel-
opment is worthwhile. Teachers in Appalachia felt that their
district’s financial and capacity-building investments in
infrastructure and digital literacy training helped them tran-
sition to online learning. Teachers who had used Google
Classroom before the pandemic, for example, expressed
feeling more prepared to teach remotely. Our quantitative
results indicate that these actions would help enhance the
investments in DDC that these schools have already made,
possibly providing the boost the nonmetropolitan districts
are not seeing for virtual instruction, as well as help school
districts integrate technology and digital tools to supplement
their in-person learning.

Every school district, especially those in nonmetropolitan
and Appalachian regions, faces its own distinct challenges,
and maintaining infrastructure and improving digital teach-
ing cannot be accomplished without ground support that



addresses the barriers to its implementation. The staff com-
ponents, such as a shift to a districtwide education strategy
and investing in training for staff and teachers, can provide
individualized attention to meet students where they are with
remote learning not just in the context of COVID-19 but also
for nontraditional students or those from difficult home
backgrounds (McFayden et al., 2021).

Our study has limitations. We focus specifically on
Kentucky, so our findings are state specific in terms of
school district composition and funding as well as reflective
of the state’s COVID-19 measures for school closures.
However, we believe that our insights from educators can
illuminate similar challenges that other rural and under-
served districts face. Furthermore, we examine test score
differentials using the 2020-2021 school year; whether
DDC may be associated with scores over a longer time scale
remains to be seen. Districts are important agenda setters,
but these policies may be implemented differently at the
school level based on school needs and capabilities. To
address this, we controlled for school-level factors in student
body and teacher characteristics.

The COVID-19 pandemic revealed how the specific chal-
lenges facing nonmetropolitan and Appalachian districts
limited their ability to overcome the digital divide, even
when they sought to provide technological support with
measures like those of their metropolitan counterparts.
Findings from our paper provide important insight into how
school district preparation and policy have implications in
remote learning. Lessons learned from this case can be
extended by reducing inequality through addressing the dig-
ital divide at the first, second, and third levels. Future work
should further examine the impact of targeted staff positions
and professional development related to digital readiness as
well as whether these districts have continued to invest in
their digital capacity (and if so, how) to support remote
instruction in the years following the pandemic.
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