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abstractOBJECTIVES: Quantify the relationship between district policy permitting in-person instruction
and educational outcomes during the 2020 to 2021 academic year for kindergarten through
eighth grade students.

METHODS: An ecological, repeated cross-sectional analysis of grade-level proficiency of students
enrolled in public school districts in North Carolina (n 5 115 school districts) was conducted.
Univariate and multivariate analyses were performed to evaluate the association between the
proportion of the school year a district spent in-person and 2020 to 2021 end-of-year student
proficiency in the district. We then fit a multivariable linear regression model, weighted by
district size, and adjusted for district-level 2018 to 2019 proficiency and district-level factors
(rural or urban, area deprivation).

RESULTS: Compared to 2018 to 2019, there was a 12.1% decrease (95% confidence interval [CI]:
16.8–19.3) in mathematics and an 18.1% decrease (95% CI: 10.8–13.4) in reading proficiency
across the state at the end of 2020 to 2021. Compared to a district that remained entirely
remote for the 2020 to 2021 school year, a district offering full in-person instruction had 12%
(95% CI: 11%–12.9%) and 4.1% (95% CI: 3.5%–4.8%) more students achieve grade-level
proficiency in mathematics and reading, respectively. In-person instruction was associated
with greater increases in mathematics proficiency than reading, and greater increases in
elementary-level students’ proficiency than middle school–level.

CONCLUSIONS: The proportion of students achieving grade-level proficiency in 2020 to 2021 fell
below prepandemic levels at each evaluated time point in the academic year. Increased time
spent in-person by a school district was associated with an increased proportion of students
achieving grade-level end-of-grade proficiency in both mathematics and reading.
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At the start of the coronavirus disease 2019 (COVID-19)
pandemic in March 2020, many school buildings within
the United States closed, with most transitioning to re-
mote instruction, in hopes of preemptively limiting dis-
ease transmission. In the following 2020 to 2021 academic
year, school building reopening plans and access to in-
person instruction varied greatly across districts in the
United States,1 despite evolving evidence that in-person
instruction could occur safely.2,3 Prolonged school building
closures and reduced in-person instruction were often
associated with increasing community socioeconomic
disadvantage4 rather than higher reported community
COVID-19 rates.5 Furthermore, only 60% of students
regularly attended educational sessions6 when schools
transitioned to virtual classrooms, with students from
historically disadvantaged demographics disproportion-
ately affected, thereby further compounding academic
inequities.7,8 Early national data suggested that by the
end of the 2020 to 2021 academic year, kindergarten
through 12th grade (K–12) students were �5 months
behind in mathematics and 4 months behind in reading
compared to previous years.8

Even before the COVID-19 pandemic, the importance
of regular school attendance for academic achievement
is well documented. Students who miss <10% of a
school year have a greater chance of academic success
and increased probability of high school graduation as
compared to students who missed >10% of a school
year.9 Inability to achieve mastery of grade-level skills
results in difficulties advancing through future grade
levels and places students at higher risk of dropping
out of school. Long-term, students who drop out of
school have reduced lifetime earnings,10 are more likely
to rate their health as poor,11,12 are more likely to interact
with the criminal justice system,11,13 and have decreased life
expectancy compared to those who complete high school.14

To date, much of the research around COVID-19-
related K–12 school closures focused on risk and mitiga-
tion of COVID-19 disease. Nevertheless, with proven miti-
gation strategies and vaccinations available for school-
aged children, the greatest public health risks actually lie
in the consequences of school shutdowns, including pre-
ventable education loss. To date, there are limited evalua-
tions quantifying the impact of in-person instruction
secondary to specific school district policies, yet under-
standing this impact is critical to inform prioritization
of anticipated increases in federal funding for public
schools8 and school closure policies during future pan-
demics. To address this need, we used educational data
from kindergarten through eighth grade (K–8) students
in North Carolina public schools to evaluate the associa-
tion between in-person education time during the 2020
to 2021 academic year and educational outcomes.

METHODS

We first conducted a statewide, district-level, time-trend, eco-
logical analysis comparing grade-level proficiency measured
by 2 state-administered standardized end-of-grade tests
given before and after the onset of the COVID-19 pandemic.
The statewide analysis included all elementary and middle
schools (third through eighth grade [grades 3–8]) in NC
public school districts that completed state-issued standard-
ized assessments during the 2018 to 2019 and 2020 to
2021 academic years. Separately, we invited 13 districts
participating in the ABC Science Collaborative15 to provide
individual-level, deidentified, district-administered, stan-
dardized testing data for K–8 students during the 2018
to 2019, 2019 to 2020, 2020 to 2021 academic years.
Three NC school districts provided data for the study.
Each participating district was urban and offered either
hybrid or fully in-person instruction for the majority of
the 2020 to 2021 academic year (range: 75%–100%).
Student enrollment among the districts ranged from
5000 to 20 000. We then conducted a cross-sectional
analysis of grade-level proficiency on beginning-of-year
(BOY) and middle-of-year (MOY) standardized tests,
comparing grade-level proficiency across these districts.
Supplemental Table 5 contrasts the study characteristics
of the statewide and district-wide analyses.

Statewide Analysis

We obtained publicly available standardized testing data
for the 2018 to 2019 and 2020 to 2021 academic years
on state-issued, end-of-grade mathematics and reading
examinations from the NC Department of Public Instruc-
tion (DPI) “School Assessment and Other Indicator Data”
reports.16,17 For these reports, the proportion of students
achieving grade-level proficiency (a score of level 3 or
higher) is available at the level of the state, district, and
school; at each level, the proportion of students achieving
grade-level proficiency is stratified according to student
grade and subject area. Additionally, aggregate student
scores are available by demographic subgroups. Next, we
used school district policy updates available via the NC
School Board Association18 to determine the total num-
ber of weeks of the 2020 to 2021 academic year that
each grade within each school district offered fully in-
person, hybrid, or remote instruction.

Definitions

We included the following factors as potential confound-
ers of student academic achievement: rural or urban sta-
tus and median area deprivation index (ADI) rank score
corresponding to each district’s surrounding county. We
characterized a school district as rural if the National
Center for Health Statistics Rural-Urban Classification
Scheme assigned the surrounding county a classification
of 5 or 6 (micropolitan and noncore), and urban if the
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county was assigned 1 to 4 (large central metropolitan,
large fringe metropolitan, medium metropolitan, small
metropolitan).19 We calculated district-level ADI rank
scores as a measure of socioeconomic disadvantage ac-
counting for income, education, employment, and avail-
ability of quality housing within the district. We used the
University of Wisconsin School of Medicine and Public
Health’s Neighborhood Atlas20 to assign each school dis-
trict the median national ADI rank across the census
block groups that comprised each corresponding county.
We then dichotomized the median ADI rank as higher ADI
(national rank >50%), indicating greater socioeconomic
disadvantage, or lower ADI (national rank #50%).21 Of the
total 115 school districts in NC, 15 are city school districts;
for these, we applied the values for the rural or urban
status and ADI rank score that corresponded to the sur-
rounding county. Additionally, we examined historic dis-
trict proficiency defined as the proportion of students
achieving grade-level or higher proficiency in 2018 to
2019 as reported by the NC DPI. Analyses were weighted
by school district size; this was determined by the num-
ber of students enrolled in the district during the 2020
to 2021 academic year (publicly available via NC DPI). Fi-
nally, for descriptive analyses, we defined in-person time
as the proportion of the year that districts offered hybrid
or full in-person education, categorized as <33%, 33%
to 66%, or >66% of the year.

The student-level demographic subgroups included race
or ethnicity, student economic status, disability status, En-
glish learner (includes English as a second language and
English language learners), and migrant status. In accor-
dance with the Every Student Succeeds Act, students were
considered economically disadvantaged if living in a
household earning no more than 185% of the federal
poverty threshold (i.e., for a family of 4 with 2 children:
$25 100 in 2018, $26 200 in 2020).22,23 Student race
and ethnicity were categorized in accordance with re-
porting via parent or caregiver as a single mutually ex-
clusive variable including the following categories: American
Indian, Asian, Black, Hispanic, White, or 2 or more races. Stu-
dent disability status was determined according to the
Individuals with Disabilities Education Act24; status as
an English learner or migrant was defined according to
Title III definitions.25

Statistical Analyses

We conducted descriptive analyses of the 115 districts.
We performed univariate analyses of the change in stu-
dent proficiency in 2020 to 2021 relative to prepandemic
2018 to 2019 grade-level proficiency by relevant demo-
graphic factors and the categorized in-person time vari-
able, with associated 95% confidence intervals (CIs).
To evaluate the association between district time spent
in-person and 2020 to 2021 student proficiency in the

district, we fit a multivariable linear regression model
adjusted for district-level 2018 to 2019 proficiency and
district-level factors (rural or urban, ADI). District level pro-
ficiency was weighted by district size (by using 2020–2021
enrollment). The exposure variable (district time spent in
person) was a modeled as a continuous variable; to under-
stand the overall impact of school closures, we calculated
the change in proficiency associated with a 10% increase
in the proportion of the school year spent via in-person
instruction. To estimate how time spent in-person im-
pacted proficiency for different demographic subgroups,
we repeated the multivariable model by student demo-
graphic groups.

District policies regarding in-person instruction var-
ied by grade level, with elementary school students of-
ten returning to in-person instruction sooner than higher
grade levels. Therefore, we conducted a secondary analy-
sis to evaluate 2020 to 2021 proficiency by school level
(traditional elementary [grades kindergarten through fifth
grade, K–5] versus middle school [6th through eighth
grade, 6–8] levels) using the time spent in-person by
school level. Finally, we conducted a sensitivity analysis
where the proportion of time spent in-person was repre-
sented by policies that allowed full in-person instruc-
tion at all grade levels (hybrid format recategorized as
not fully in-person). Statistical analysis was conducted by
using R Statistical Software (v3.6.1; R Core Team 2019).

District-Wide Analysis

Three districts provided district-administered (but not
publicly reported) BOY and MOY mathematics and read-
ing test scores for the 2018 to 2019, 2019 to 2020, and
2020 to 2021 academic years. All districts used state-
approved platforms,26 including i-Ready testing (Curriculum
Associates, North Billerica, MA)27 by 2 districts, and Star As-
sessments (Renaissance Learning, Wisconsin Rapids, WI)28

by 1 district. Student proficiency on BOY and MOY assess-
ments was reported as below, at, or above grade-level.
Districts also provided demographics including number of
students enrolled and race or ethnicity composition aggre-
gated by school.

Statistical Analysis

We performed descriptive analyses to determine and com-
pare the proportion of students achieving grade-level BOY
or MOY proficiency, stratified by subject-area during the
“prepandemic” (2018–2019, 2019–2020) and “pandemic”
(2020–2021) school years. Using difference in proportions
calculations, we compared the proportion of students
achieving BOY or MOY proficiency during prepandemic
and pandemic years for each district.
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RESULTS

Statewide Analysis

Across the 115 NC districts, the median proportion of the
year with hybrid or full in-person instruction allowed
was 79.8% (quarter 1 46.7, quarter 3 97.3). Sixteen dis-
tricts allowed in-person instruction for <33% of the year,
22 districts for 33% to 66%, and 77 districts for >66% of
the year. Most districts were classified as rural (N 5 60);
55 were classified as urban. District median ADI rank was
69.1 (quarter 1 58.7, quarter 3 76.6). Table 1 summarizes
students tested in 2020 to 2021, schools represented, and
student-level demographics. Supplemental Table 6 displays
the district-level demographics and policies, and their asso-
ciated levels of student proficiency.

Statewide, there was a 12.1 percentage point decrease
(95% CI: 16.8–19.3) in mathematics proficiency and an
18.1 percentage point decrease (95% CI: 10.8–13.4) in
reading proficiency at the end of the 2020 to 2021 aca-
demic year compared to 2018 to 2019. Table 2 includes
the univariate analysis with relative change in profi-
ciency across all relevant demographic subgroups.

On multivariate linear regression, more time in person
was independently associated with increased mathematics
and reading proficiency during the 2020 to 2021 academic

year at the district-level for all students and across the ma-
jority of studied demographic student groups (Table 3).
Among all students, every 10% increase in proportion of
the year allowing in-person instruction was associated with
a 1.20 percentage point increase in students achieving
grade-level proficiency in mathematics and a 0.41 percent-
age point increase in the proportion of students achieving
grade-level proficiency in reading. Additionally, for nearly
all studied student subgroups, increasing proportion of the
year in-person was associated with a greater increase in
mathematics than reading proficiency. On the secondary
multivariate analysis of proficiency by school grade level
(elementary [grades 3–5] versus middle [grades 6–8]
school), in-person instruction remained independently as-
sociated with increased proficiency in 2020 to 2021; how-
ever, the impact of in-person instruction on elementary
mathematics and reading proficiency was twice that of the
impact on middle school (Supplemental Table 7). For each
10% increase in proportion of time in person, elementary
students (grades 3–5) had a 1.40 percentage point increase
in mathematics and a 0.46 percentage point increase in
reading proficiency; whereas middle school students
(grades 6–8) had a 0.84 percentage point increase in
mathematics and a 0.29 percentage point increase in
reading proficiency.

TABLE 1 Statewide Analysis: Demographics of Schools and Students Represented, by Subject and Year

Student Demographic

Mathematics Reading

2018–2019a 2020–2021 2018–2019a 2020–2021

Schools
Represented

Students
Expected

Students
Tested, %

Schools
Represented

Schools
Represented

Expected
Students

Students
Tested, %

Schools
Represented

All students 1878 704 929 93 1838 1892 708 454 93 1855

Economic statusb

Economically disadvantaged 1869 286 179 92 1793 1883 286 554 92 1816

Not economically disadvantaged 1849 418 750 94 1830 1859 421 900 94 1815

Race or ethnicityc

American Indian 127 7715 >95 114 128 7721 >95 104

Asian 471 26 108 91 503 531 26 808 91 438

Black 1580 179 856 90 1458 1590 180 189 90 1453

Hispanic 1697 141 642 94 1667 1702 141 982 94 1574

White 1748 312 689 95 1718 1754 314 683 95 1681

Two or more 1203 35 896 93 1188 1216 36 044 93 922

Disability statusd

Student with a disability 1732 91 775 91 1497 1729 91 806 91 1416

Not a student with a disability 1849 613 154 94 1823 1872 616 648 94 1834

English learnere 1328 84 089 93 1159 1261 84 119 95 942

Migrantf 100 N/A N/A 36 94 N/A N/A 30

Values are n unless noted otherwise.
a There is no value for expected students and students tested in 2018–2019. Historically, before the COVID-19 pandemic, 95% of a demographic subgroup was required to test
for public reporting of the subgroup.
b Economic status is defined in accordance with the Every Students Succeeds Act; a categorization of economic disadvantage is applied to individuals living in a household earn-
ing no more than 185% of the federal poverty threshold).22
c Race or ethnicity is categorized in accordance with North Carolina Department of Public Instruction (NC DPI) reporting via parent or caregiver as a single, mutually exclusive
variable including the following categories: American Indian, Asian, Black, Hispanic, White, or 2 or more races.
d Disability status is determined according to the Individuals with Disabilities Education Act.23
e English Learner status was defined according to Title III definitions.24
f Migrant status was defined according to Title III definitions.24 Not reported.
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Finally, in a sensitivity analysis of districts allowing
in-person instruction with minimal distancing (hybrid
instruction categorized as not fully in-person), in-person
time remained independently associated with increased
district-level proficiency during the 2020–2021 academic
year for all students. Here, every 10% increase in district
in-person time was associated with a 3.89 percentage
point increase in student grade-level proficiency in mathe-
matics and a 1.15 percentage point increase in student
grade-level proficiency in reading (Supplemental Table 7).

In addition to the above analysis that used 2020 to 2021
district-level proficiency data weighted by district size, model-
based estimates were additionally calculated using unweighted
2020 to 2021 district level proficiency data. The results were
consistent with the weighted model estimates and are reported
in Supplemental Tables 8 and 9 (unweighted primary analysis
and sensitivity analyses, respectively).

District-Wide Analysis of Beginning and Middle of Year
Proficiency

The three districts that reported school-level data includ-
ing district-administered BOY and MOY test scores of-
fered either hybrid or fully in-person instruction for the
majority of the 2020 to 2021 academic year (range:
75%–100%). Across the 3 districts, 3.2% fewer had BOY

reading proficiency (95% CI: 2.3–4.1) and 3.7% fewer had
MOY reading proficiency (95% CI: 2.8, 4.6) in 2020 to 2021
compared to the average proficiency in prepandemic years
(2018–2019 and 2019–2020). For mathematics, BOY profi-
ciency was 7.2 (95% CI: 6.3–8.1) percentage points lower
and MOY proficiency was 9.4 (95% CI: 8.4–10.4) percent-
age points lower in 2020–2021 (Table 4). Supplemental
Table 10 contains a breakdown of the proportion of stu-
dents (grades K–8) achieving grade-level BOY and MOY
proficiency by district and grade.

DISCUSSION

This study quantifies the impact of in-person instruction
during 2020 to 2021 on K–8 grade level proficiency in
North Carolina. To add to existing alarming data on the im-
pact of the COVID-19 pandemic on educational outcomes,
we modeled the exposure variable of district time spent in
person as a continuous variable to allow for quantification
of the association between district policies and student
proficiency. We found that districts that permitted greater
access to in-person education had a significantly higher
proportion of students achieving grade-level proficiency
across almost all student demographic factors. These im-
pacts were more pronounced for students in elementary

TABLE 2 Proportion of Students (Grades 3–8) Achieving Grade-Level End-of-Grade Proficiency, by Student Demographic Subgroup

Mathematics Reading

Student Demographic
2018–2019

(% Proficient)
2020–2021

(% Proficient)

Difference in
Proficiencya

(95% CI)

2018–2019
Academic Year
(% Proficient)

2020–2021
Academic Year
(% Proficient)

Difference in
Proficiencya

(95% CI)

All students 56.7 38.6 �18.1 (�19.3 to �16.8) 54.1 42.0 �12.1 (�13.4 to �10.8)

Economic statusb

Economically disadvantaged 46.7 26.4 �20.3 (�21.5 to �19.1) 43.6 30.2 �13.4 (�14.6 to �12.2)

Not economically disadvantaged 67.1 46.9 �20.2 (�21.4 to �18.9) 65.4 50.6 �14.9 (�16.1 to �13.6)

Race and ethnicityc

American Indian 48.6 23.9 �24.7 (�29.6 to �19.7) 46.2 30.5 �15.7 (�20.9 to �10.5)

Asian 75.6 62.8 �12.8 (�15.1 to �10.4) 68.3 61.8 �6.5 (�9.0 to �4.0)

Black 41.2 22.3 �18.9 (�20.2 to �17.6) 40.5 28.4 �12.1 (�13.4 to �10.8)

Hispanic 53.2 33.0 �20.2 (�21.5 to �18.9) 46.6 34.2 �12.3 (�13.7 to �11.0)

White 66.4 49.5 �16.9 (�18.1 to �15.5) 65.6 53.9 �11.7 (�13.0 to �10.4)

Two or more 56.4 37.5 �18.9 (�20.5 to �17.3) 57.8 44.1 �13.7 (�15.4 to �12.0)

Disability statusd

Student with a disability 23.4 16.7 �6.7 (�7.8 to �5.6) 20.9 15.0 �5.9 (�6.9 to �4.8)

Not a student with a disability 62.0 42.4 �19.6 (�20.8 to �18.3) 59.7 46.7 �13.0 (�14.3 to �11.7)

English learnere 37.2 21.1 �16.1 (�17.6 to �14.5) 23.3 14.2 �9.1 (�10.4 to �7.8)

Migrantf 40.3 19.6 �20.7 (�27.5 to �13.8) 33.8 19.6 �14.3 (�21.6 to �6.9)

Values reported as % (N), where N 5 number of schools contributing data
a Difference in proportions
b Economic status is defined in accordance with the Every Students Succeeds Act; a categorization of economic disadvantage is applied to individuals living in a household earn-
ing no more than 185% of the federal poverty threshold).23
c Race and ethnicity is categorized in accordance with North Carolina Department of Public Instruction (NC DPI) reporting via parent or caregiver as a single, mutually exclusive
variable including the following categories: American Indian, Asian, Black, Hispanic, White, or 2 or more races.
d Disability status is determined according to the Individuals with Disabilities Education Act.24
e English learner status was defined according to Title III definitions.25
f Migrant status was defined according to Title III definitions.25
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grade levels, thereby highlighting the importance of in-
person instruction during these formative years.

We then examined school-level outcomes within three
districts where in-person instruction was offered for >75%
of the school year. In this focused analysis, the student per-
formance on standardized tests remained substantially im-
pacted, perhaps because of the widespread school closings
in March through June 2020, as well as the requirement for
hybrid instruction for much of the 2020 to 2021 academic
year. Students within these three participating districts
began the year behind typical starting points (after March–
June 2020 closure) and were unable to progress to prepan-
demic performance levels by the middle of the academic
year (after required hybrid instruction). Performance de-
cline was especially profound in mathematics proficiency.

Overall, the patterns in student performance seen here
comport with publicly reported data elsewhere29,30 and
are consistent with previous summaries estimating the
impact of learning loss on student performance after
COVID-19–related school closures.8,31,32 Even in best-
case scenarios with brief school closures outside of the
United States, minimal progress was made by students

learning from home early in the COVID-19 pandemic, and
disadvantaged children were most impacted.33 In particu-
lar, our results support findings that student performance in
mathematics was more impacted by school closures than
reading (although performance in both subjects was
negatively impacted),8,29,34 and increased time spent
learning remotely correlated with decreased student
proficiency.31,32,35 Several preexisting educational gaps have
been well described: economically disadvantaged students
have historically achieved lower proficiency than their eco-
nomically advantaged counterparts, and disparities in access
to quality education and ongoing structural racism contrib-
ute to racial disparities in the academic proficiency of Black
and Hispanic students.36 Our stratified analyses across eco-
nomic and racial and ethnic subgroups indicated that after
adjusting for historical proficiency, both socioeconomically
advantaged and disadvantaged groups, as well as all racial
or ethnic groups, benefited from increased in-person instruc-
tion except for students of Asian race.

Given the exposure-dependent relationship between
increased access to in-person instruction and overall stu-
dent proficiency in 2020 to 2021, policy measures are

TABLE 3 Multivariable Analysis of District-level End-of-Grade (2020–2021) Student Proficiency by a 10% Increase in District Time In-Persona

Student Demographic
Change in % Students Proficient in

Mathematics Change in % Students Proficient in Reading

All students 1.20 (1.10–1.29) 0.41 (0.35–0.48)

Economic status

Economically disadvantaged 1.38 (1.29–1.46) 0.48 (0.40–0.55)

Not economically disadvantaged 1.20 (1.10–1.31) 0.48 (0.39–0.56)

Race and ethnicity

American Indian 0.42 (0.09–0.74) 1.36 (0.98–1.75)

Asian 0.64 (0.24–1.04) 0.42 (0.07–0.77)

Black 1.04 (0.93–1.15) 0.65 (0.55–0.75)

Hispanic 1.54 (1.43–1.65) 0.52 (0.42–0.62)

White 0.96 (0.86–1.07) 0.20 (0.10–0.29)

Two or more races 0.87 (0.69–1.04) 0.67 (0.51–0.83)

Disability status

Student with a disability 0.38 (0.29–0.48) 0.02 (�0.07 to 0.11)

Not a student with a disability 1.30 (1.21–1.40) 0.47 (0.41–0.54)

English learner 0.88 (0.74–1.03) 0.14 (0.02–0.27)

Migrant 1.37 (0.52–2.22) 0.96 (0.14–1.78)
aModel estimates reported as b-coefficient (95% CI). Multivariate linear regression of change in the percentage point of students proficient modeled for a 10% increase in time
the district allowed in-person instruction, adjusting for 2018–2019 proficiency, and controlling for district rural or urban status and area deprivation index rank score.

TABLE 4 Proportion of Grade-level Proficient Students (Grades K-8) From 3 North Carolina on Beginning- and Middle- of Grade Testing

Time of y

Mathematics Reading

Prepandemic
Average

2020–2021
Academic y

Difference, (95%
CI), P Prepandemic Average

2020–2021
Academic y

Difference,
(95% CI), P

BOYa 33.7 26.5 �7.2 (�8.1 to �6.3) 37.3 34.1 �3.2 (�4.1 to �2.3)

MOYa 48.6 39.3 �9.4 (�10.4 to �8.4) 46.8 43.1 �3.7 (�4.6 to �2.8)
aAggregate (n 5 3 districts)
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urgently needed to: (1) remedy existing achievement gaps
for all students, especially those subject to uneven imple-
mentation of in-person instruction; and (2) strengthen the
infrastructure needed to prevent school-building closure in
the face of future COVID-19 surges or other infectious
threats. With the distribution of education relief funding
planned,8 urgent actions are needed. Without intervention,
the thousands of students who became disengaged from
school during the pandemic are at risk for dropping out al-
together.8 Additionally, lifetime earnings losses for this co-
hort of K–12 students could continue to trend upwards and
exceed the current estimate of $49000 per person.8 To
prevent extended learning loss and act upon lessons
learned, pandemic relief policies like the Coronavirus
Aid, Relief, and Economic Security Act37 and pandemic
preparedness policies like the drafted Prepare for and
Respond to Existing Viruses, Emerging New Threats,
and Pandemics (PREVENT) Act38 must address strate-
gies to tackle the widening educational gaps left in the
wake of this current pandemic and support educational
infrastructure in the setting of future infectious disease
threats. However, failure to allocate specific funds for
addressing ongoing educational gaps within the Corona-
virus Aid, Relief, and Economic Security Act39 and the
lack of mention of K–12 education and schools within
the developing Prepare for and Respond to Existing Vi-
ruses, Emerging New Threats, and Pandemics Act (PRE-
VENT) bill40 are cause for concern. Within NC alone,
public school enrollment dropped considerably in the
fall of 2020 with 25 000 fewer students enrolled state-
wide than the year prior. Therefore, the results reported
here may underestimate district-level learning losses
given that standardized testing reports are unable to
capture students who did not return to the classroom.

Our study has several strengths. Using primarily pub-
licly available data, we have synthesized a timely and in-
depth statewide educational outcome summary detailing
the association between district-level variation in in-person
instruction offered and student achievement of grade-level
proficiency. Furthermore, our findings can serve as a base-
line to compare against the effectiveness of future strategies
to remedy pandemic-related learning loss. Given ongoing
disruptions to education because of quarantine after severe
acute respiratory syndrome coronavirus 2 exposures,43 our
findings can be used to support strategies that limit disrup-
tions to in-person education, such as test-to-stay or mask-
to-stay strategies.

Our study also has several limitations. First, standardized
testing data were used as a proxy for academic achieve-
ment; however, test score data are imperfect, providing just
a cross-sectional data point and, therefore, should not be
considered a sufficient representation of academic ability

or progress. Second, the generalizability of our results is
limited given the ecological study design used. Individual-
level exposures were not available, so district-level expo-
sures were applied to all individuals in the district, regard-
less of individual-level experiences. District policy does not
equate to individual student return to in-person instruc-
tion, and attendance data summarizing the proportion of
students returning to in-person learning once district
policy allowed students to do so was unavailable. Third,
on statewide analyses, individual data were aggregated
into relevant demographic subgroups, thereby preventing
analysis of the combined effect of multiple student-level
demographic predictors within one predictive model for
end-of-grade proficiency. Finally, in statewide analysis,
prepandemic performance was represented by a single
academic year (2018–2019) and may not account for
year-to-year variability in district proficiency.

CONCLUSIONS

During the 2020 to 2021 academic year, the proportion
of students achieving grade-level proficiency fell below
prepandemic levels at each evaluated time point in the
academic year. Increased time in-person was associated
with increased grade-level end-of-grade proficiency in
both mathematics and reading, with greater impacts on
mathematics than reading proficiency, and in elementary
students compared to middle-school students. Ongoing
educational and policy efforts should prioritize in-person
instruction for students and target interventions toward
students in schools that had prolonged school closures
during the COVID-19 pandemic.
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