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Introduction

The COVID-19 pandemic has interrupted almost all 
aspects of K-12 schooling since most U.S. schools closed to 
in-person instruction in March 2020 (Peele & Riser-Kositsky, 
2020). Disruptions continued well into the 2020-2021 school 
year, with the majority of U.S. students still receiving at least 
some remote instruction by spring 2021 (Institute of 
Education Sciences, n.d.). Students and educators reported 
facing a wide range of academic, socioemotional, and health 
challenges during the COVID-19-interrupted school years. 
For instance, over 70% of students reported experiencing 
one or more obstacles to learning, such as pandemic-driven 
concerns related to health, distractions at home, and family 
responsibilities (YouthTruth, 2021). Meanwhile, educators 
had to contend with rapid shifts in student enrollment, tog-
gling between in-person and online teaching, and finding 
ways to ensure the safety of students during in-person 

instruction, all while coping with the continued health and 
societal effects of the pandemic. In short, the 2020-2021 
school year was far from normal for students and teachers.

We are still in the early stages of understanding the full 
scope of the impacts wrought by COVID-19 disruptions to 
the education system and the effects on student learning. 
Planning for how best to support students’ recovery requires 
a clear understanding of the scope of the overall impacts, 
how much students were able to learn during the school 
year following the pandemic’s arrival (2020-2021), and the 
extent of differences in learning across student groups. To 
that end, this study contributes descriptive evidence on aca-
demic growth across the COVID-19 pandemic period using 
the most comprehensive data set to date. In particular, 
results from the 2020-2021 school year are important to 
understand the state of recovery in U.S. public schools and 
what additional resources are needed for the long recovery.
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To help contextualize this study, we begin with a brief syn-
thesis of research on achievement trends in the COVID-19 
era. Our review includes descriptive data from achievement 
tests taken in spring 2021, which have not been systematically 
summarized in peer-reviewed resources (though national and 
international results from the 2020-2021 school year have 
been summarized by Halloran et al., 2021, and Thorn and 
Vincent-Lancrin, 2021). Spring 2021 achievement tests also 
have limitations enumerated by other scholars (Gerwetz, 
2021; Ho, 2021) that we briefly review. We then situate our 
research questions and analyses within this context.

Existing Research on Student Learning During the 
Pandemic

To summarize extant research on student achievement 
during the COVID-19 pandemic, we searched for research 
studies and test results published by state or assessment pro-
viders, including the Center for Reinventing Public 
Education’s COVID-19 K-12 research database (Evidence 
Project, 2021), Google Scholar, and the assessment websites 
of all 50 states and the District of Columbia. We included 
studies that were (a) conducted in U.S. K-12 public schools, 
(b) included standardized assessments of student achieve-
ment, and (c) included data collected before and after the 
start of the pandemic so that comparisons could be made to 
prepandemic achievement. In total, we reviewed 75 studies/
state websites and found 44 studies that met our criteria (16 
using optional interim/benchmark assessments and 28 
reports using a state’s federally mandated end-of-year 
assessments). Table A1 in the appendix (in the supplemental 
materials) provides a summary (and references) for the 
interim assessment results, and Table A2 shows the sum-
mary of the state-level assessment results.

Before discussing findings across studies, it is important 
to note that many researchers have cautioned against inter-
preting trends in achievement test results between 2019 and 
2021 due to differences in (a) testing population (Ho, 2021), 
(b) test mode of administration (Barnum, 2021), and (c) the 
test themselves (Gerwetz, 2021). For example, the 
Pennsylvania education secretary Noe Ortega wrote, “The 
very student groups that have faced the greatest historical 
disadvantages will be systematically underrepresented in 
any near-term statewide assessment administration” (Ortega, 
n.d.). However, others have encouraged the use of these data 
(with appropriate caveats) to provide a more comprehensive 
understanding of the academic impact of the pandemic 
(Betebenner et al., 2021). Therefore, we present our review 
of assessment results with a word of caution that each indi-
vidual study likely has one or more limitations due to the 
challenges of administering assessments during a 
pandemic.

Interim Test Results. In total, 16 of the 44 identified studies 
used interim/benchmark assessments (such as MAP Growth 

or Renaissance STAR) and were conducted across the 2020-
2021 school year. Of these 16 studies, eight studies included 
fall 2020 data, three focused on winter 2021 data, and five 
included spring 2021 results (including some measure of 
fall-to-spring growth, though two were using data from just 
a single state or district). Given the focus of our study is 
understanding student achievement across the span of the 
2020-2021 school year, we focus our interpretation of results 
on three nationwide studies (Curriculum Associates, 2021; 
Lewis et al., 2021; Renaissance, 2021) that examined fall-to-
spring growth. Across the three studies, results show that 
students did make learning gains in the 2020-2021 school 
year, but gains were smaller in magnitude compared with 
historical data. Student achievement (reported as percentiles 
or percentage on grade level) in spring 2021 was lower than 
historical levels, with larger declines in math than in read-
ing. In addition, Black, Hispanic/Latino, and American 
Indian/Alaskan Native students and students in economi-
cally disadvantaged schools or neighborhoods experienced 
the largest declines (Kogan & Lavertu, 2021; Lewis et al., 
2021; West & Lake, 2021). Furthermore, students in Grades 
K-3 were falling behind in the development of essential 
early reading skills (Domingue et al., 2021; McGinty et al., 
2021).

State Summative Test Results. Among the 50 U.S. states and 
Washington, D.C., we found that 21 states had released pro-
ficiency rates for 2020-2021 that allowed for comparison 
with 2018-2019. As mentioned earlier, such comparisons 
should be made with extreme caution given shifting samples 
and testing modes before and after the pandemic’s onset. Fig-
ure 1 presents the trends across 16 states (out of 28 that 
reported 2020-2021 test scores) that had participation rates of 
at least 85%. Multiple patterns emerged from the state results. 
For one, math achievement in Grades 3 to 8 seems to have 
declined more than reading/English language arts (ELA) 
scores in most of the reviewed studies. For example, the aver-
age percentage of students who were proficient on their 
spring 2021 state assessment dropped 11 percentage points in 
math but 6 points in reading (aggregating across all states 
with available data). Additional detail on these state results 
can be found in Table A2 in the supplemental material.

Gaps in the Literature. Cumulatively, this synthesis of 
available research highlights important national trends dur-
ing the COVID-19 pandemic, but many aspects of these 
trends are still poorly understood. In particular, we note 
three primary gaps in our current understanding of COVID-
19 impacts, all of which our study begins to address. First, 
the available studies did not rigorously quantify student aca-
demic growth over the 2020-2021 school year using growth 
models that account for time in school since the pandemic 
began. Knowledge about 2020-2021 school year achieve-
ment trends is likely key to understanding what student 
progress was like after the initial shock of the pandemic and 
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school closures in spring 2020, whether students who began 
the pandemic struggling academically were more impacted, 
and how much work remains to support students as they 
recover academically. Second, gaps remain in our under-
standing of how the country’s most vulnerable students grew 
academically during COVID-19 and whether existing ineq-
uities changed during the 2020-2021 school year. Specifi-
cally, is there evidence of differential growth across students 
by race/ethnicity, and have such differences exacerbated 
long-standing inequities in the educational system? Third, 
the health risks of the pandemic were disproportionately 
borne by some communities (oftentimes low-income ones) 
compared with others. Is there evidence that students living 
in communities with the largest health risks also saw the 
most significant reductions in academic growth?

The Current Study

To address these critical gaps in our understanding, we 
conducted a series of analyses using a national sample of 4.9 
million U.S. students in Grades 3 through 8 who took MAP 
Growth assessments, which are administered at multiple 
time points across the school year. We estimated student 
learning trajectories from the start of fall 2019 to the end of 
the 2020-2021 school year in order to describe how trends in 
student learning shifted after school closures in 2020 and 
throughout the following academic year. We acknowledge 
that our study was descriptive in nature and not intended to 
support causal inferences. Our goal was to provide evidence 
on student growth and achievement one-and-a-half years 
into the pandemic, and to understand differential growth 
across student racial/ethnic groups as well as among stu-
dents living in communities identified as being most at risk 
during the pandemic. In so doing, we asked three primary 
research questions, which parallel the gaps we identified in 
the current literature:

1. How did student growth during the 2020-2021 school 
year compare with growth during 2019-2020 and a 
“typical” school year? Did students who began the 
pandemic with low achievement show more or less 
growth in the 2020-2021 school year?

2. Did racial/ethnic inequities in academic achievement 
widen after disruptions from the COVID-19 pan-
demic?

3. Did students in communities that were hardest hit by 
COVID-19 make less academic progress during the 
2020-2021 school year than students in other com-
munities?

Method

Measure of Achievement

The data for this study came from NWEA’s anonymized 
longitudinal student achievement database. School districts 
use NWEA’s MAP Growth assessments to monitor elemen-
tary and secondary students’ reading and mathematics 
achievement throughout the school year. MAP Growth is a 
computer adaptive test that precisely measures achievement 
even for students above or below grade level and is verti-
cally scaled to allow for the estimation of gains across time. 
The MAP Growth assessments are typically administered 
three times a year (fall, winter, and spring) and are aligned to 
state content standards (NWEA, 2019). Test scores are 
reported on the RIT (Rasch Unit) scale, which is a linear 
transformation of the logit scale units from the Rasch item 
response theory model.

A large number of school districts offered remote or 
hybrid instruction during portions of the 2020-2021 school 
year, which meant that many students were assessed at 
home under different conditions than typical administra-
tion of standardized assessments (Barnum, 2021). To 
address concerns about the comparability of assessments 
administered in these different modalities, Kuhfeld, Lewis, 
et al. (2020) compared the psychometric properties of 
MAP Growth assessments collected in Grades K-8 in fall 
2020 within a subset of districts that administered MAP 
Growth remotely or in typical in-person school settings. 
The results supported the comparability of remote and in-
person test administration in Grades 3 to 8 but called into 
question the trustworthiness of K-2 assessment results that 
were administered remotely. Given these findings, we 
focus our analyses on students in Grades 3 to 8 during the 
pandemic period.

Student and School Characteristics

The NWEA data also included demographic informa-
tion, including student race/ethnicity, gender, and age at 
assessment, though student-level socioeconomic status is 

FIGURE 1. Changes in state trends in proficiency rates between 
spring 2019 and spring 2021 for states reporting participation 
rates greater than 85% on average. Vertical bars represent 
the calculated overall (or average across grades) change in 
proficiency, and the vertical lines represent spread across grade 
levels (when reported).
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not available. School-level racial/ethnic distribution, urba-
nicity, and enrollment were drawn from the 2018-2019 
Common Core of Data files collected by the National 
Center for Education Statistics. Community risk due to the 
pandemic was calculated from the COVID-19 Pandemic 
Vulnerability Index (PVI) reported at the county level by 
National Institute of Environmental Health Sciences 
(NIEHS). The PVI was designed to monitor disease trajec-
tories and communicate local vulnerability and is a com-
posite index from 12 indicators, including current infection 
rates, available hospital beds, population concentration, 
social distancing policies, and health and environmental 
vulnerabilities (Marvel et al., 2021). We pulled the PVI 
each day from February 28, 2020 (the first day the PVI was 
published) to June 1, 2021 (our cutoff date for beginning 
analysis) and took the average. Communities with similar 
transmission rates may differ on their PVI scores due to 
preexisting health and environmental risk factors (e.g., 
high population density and comorbidities), whereas alter-
natively, a community with otherwise low risk factors may 
have a high PVI score due to high disease spread and few 
social distancing measures. In the NIEHS dashboards, the 
PVI measure is reported as both a continuous measure as 
well as quintiles of risk. For this study, we split the con-
tinuous PVI metric into three indicators: (a) low risk (e.g., 
bottom quintile), midlevel risk (20th to 80th percentile), 
and high risk (top quintile of PVI scores).

Analytic Sample

We used the test scores of approximately five million 
third- to seventh-grade students in over 16,000 public 
schools across the United States. In this study, we fol-
lowed students across two school years (2019-2020 and 
2020-2021) and one extended summer break (as described 
in further detail later, due to lack of spring 2020 testing 
data, the last months of the 2019-2020 school year are 
bundled with summer 2020). Table 1 provides descriptive 
statistics for the sample by subject and grade. Overall, the 
sample was 49% White, 15% Black, 19% Hispanic, 4% 
Asian, and 12% Other racial/ethnic group. A comparison 
of the 16,000 public schools in our sample relative to the 
U.S. population of public elementary and middle schools 
(72,075 total schools serving Grades 3 to 8) is provided in 
Table 2. Overall, our sample consisted of approximately 1 
in 5 U.S. public schools that served students in Grades 3 to 
8. The NWEA sample of schools closely aligned to the 
characteristics of U.S. public schools, with a slight over-
representation of Black students and underrepresentation 
of Hispanic students. Additionally, our sample was slightly 
more urban and has a slightly higher percentage of schools 
that have low pandemic risk than the national population 
of public schools.

Research Question 1: Overall Patterns of Growth During 
the 2020-2021 School Year

To obtain estimates of growth rates across two school 
years (2019-2020 and 2020-2021), we used a series of mul-
tilevel growth models (longitudinal test scores nested within 
students within schools). Following other seasonal learning 
research studies (Kuhfeld et al., 2021; von Hippel et al., 
2018), we estimated student learning rates as a function of 
the months that elapsed during the two school years and the 
summer between. We selected a linear functional form for 
these analyses based on an examination of growth patterns 
that we describe in Appendix B in the supplemental 
materials.

Under this model, the test score ytij for student i in school 
j at time point t was modeled as a linear function of the 
months that a student had been exposed to the 2019-2020 
school year (MonY1tij), the school closures and summer 
break of 2020 (Sumtij), and the 2020-2021 school year 
(MonY2tij). Each of the growth terms is calculated based on 
students’ school start date, end date, and test event date. 
Given we do not have testing data from spring 2020, we 
attribute the final months of the 2019-2020 school year 
(March 2020 to June 2020) to the “summer 2020” period. 
District calendars were collected for the 2019-2020 and 
2020-2021 school years from participating school districts. 
We calculated “months of exposure” to school at each test 
event as the total number of days elapsed between the 
school’s start date and testing date(s) divided by 30. For 
example, a hypothetical fourth-grade student testing at the 
beginning of October 2021 may have 6.5 months of expo-
sure to third grade in the 2019-2020 school year, 5.5 months 
of exposure to summer break following third grade (includ-
ing the spring 2020 school closure period), and 1.8 months 
of exposure to fourth grade by the time of fall 2020 testing. 
At Level 1 (test score occasion), the growth model can be 
expressed as

y etij ij ij tij ij tij ij tij tij= + + + +π π π π0 1 2 31 2MonY Sum MonY .  (1)

The intercept (π0ij) is the predicted score for student i in 
school j tested on the 1st day of the 2019-2020 school year, 
π1ij is the average RIT gain per month during the 2019-2020 
school year, π2ij is the monthly gain/loss during the spring 
2020 school closures and summer 2020 break, and π3ij is the 
average RIT gain per month during 2020-2021. In Appendix 
B in the supplemental materials, we discuss sensitivity analy-
ses that tested the functional form of growth in the 2020-2021 
school and established that growth was sufficiently linear in 
the 2020-2021 school year. In 2019-2020, we cannot test the 
functional form given we have only two time points for most 
students. At Levels 2 (student) and 3 (school) of the model, 
the intercept and linear growth parameters were allowed to 
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vary among students within schools and between schools. 
This model was estimated separately by subject (mathemat-
ics and reading) and 2019-2020 grade level (3 to 7) using 
HLM Version 7 (Raudenbush et al., 2013).

Level 2 model (student i within school j):

π β0 00 0ij j ijr= +

π β1 10 1ij j ijr= +

π β2 20 2ij j ijr= +

 π β3 30 3ij j ijr= +  (2)

Level 3 model (school j):

β γ00 000 00j ju= +

β γ10 100 10j ju= +

β γ20 200 20j ju= +

β γ30 300 30j ju= +

Variance component specification:

etij St Sch~ , , ~ , , ~ ,N MVN MVN0 0 02σ( ) ( ) ( )r T u Tij j

To further contextualize the achievement patterns we 
observed in 2020-2021, we calculated standardized effect 
sizes comparing spring 2021 mean test scores with the mean 
test scores of students in the same grade in spring 2019. The 
RIT score means, standard deviations, and sample sizes by 

grade, subject, and term that were used in the calculations 
are presented in Table A3 in the supplemental materials. The 
standardized gap between average test scores in grade g 
between spring 2019 and spring 2021 is

RIT RIT

N SD N SD

N N

21 19

21 21
2

19 19
2

21 19

1 1

2

g g

g g g g

g g

−

− + −
+ −

( ) ( )
,
 (3)

where RIT21g  is the average spring 2021 test score in 
grade g, RIT19g  is the average spring 2019 test score in 
grade g, SD21g and SD19g are the corresponding standard 
deviation estimates, and N21g and N19g are the observed sam-
ple size in grade g in spring 2021 and 2019, respectively.

Additionally, we compared the average growth rates in 
2020-2021 (as well as the variability in those growth rates) 
with “typical” year growth rates in a prior analysis of MAP 
Growth data (Kuhfeld, Soland, et al., 2020). In that paper, a 
similar growth model was estimated using national MAP 
Growth test data from 2017-2018 and 2018-2019. Given that 
students were in school for the entire 2017-2018 school year, 
the summer 2018 growth term represented a typical summer, 
whereas the summer 2020 growth term in our model repre-
sents a combination of the last months of the 2019-2020 
school year as well as the summer 2020 months. The model 
parameters from the “typical growth” analyses are presented 
in Tables A4 and A5 of the supplemental materials. To 
understand the variability in growth during the 2020-2021 
school year relative to a typical year, we calculated the 
empirical Bayes (EB) estimates of 2020-2021 monthly 
growth ( γ  

300 30 3+ +u rj ij )  for all students in our sample and 

TABLE 1
Sample Descriptive Statistics

Grade (2019-2020 
to 2020-2021) Male White Black Hispanic Asian Other race

Sample size

Test events Students Schools

Math  
 3-4 0.51 0.49 0.15 0.20 0.04 0.12 1,922,524 741,392 10,556
 4-5 0.51 0.49 0.15 0.20 0.04 0.12 1,879,473 751,543 10,800
 5-6 0.51 0.49 0.15 0.20 0.05 0.12 1,455,859 766,616 11,653
 6-7 0.51 0.50 0.15 0.19 0.04 0.12 1,680,955 736,865 6,640
 7-8 0.51 0.50 0.15 0.20 0.04 0.12 1,722,861 724,766 5,113
 Total 0.51 0.49 0.15 0.20 0.04 0.12 8,661,672 3,721,182 15,979
Reading  
 3-4 0.51 0.49 0.15 0.19 0.04 0.12 1,912,300 735,965 10,562
 4-5 0.51 0.49 0.15 0.20 0.04 0.12 1,854,170 744,305 10,774
 5-6 0.51 0.49 0.15 0.20 0.04 0.12 1,456,035 764,438 11,560
 6-7 0.51 0.50 0.15 0.19 0.04 0.12 1,686,867 736,600 6,601
 7-8 0.51 0.50 0.15 0.19 0.04 0.12 1,778,698 725,403 5,080
 Total 0.51 0.49 0.15 0.19 0.04 0.12 8,688,070 3,706,711 16,132

Note. The total (reading and math) combined sample is 4.9 million students in slightly over 16,000 schools.
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compared with similarly calculated EB estimates from the 
2018-2019 component of the typical growth model.

Last, we examined the associations between students’ 
achievement levels prior to the pandemic and growth during 
the 2020-2021 school year based on the random-effect vari-
ance-covariance matrices. A key parameter of interest was 
the within-school correlation among academic achievement 
at the start of the 2019-2020 school year (r0ij) and growth 
rates during the 2020-2021 school year (r3ij). This parameter 
indicates whether students who were higher achieving 
before the onset of the pandemic showed higher growth rates 
across the 2020-2021 school year than students who were 
initially low achieving.

Research Question 2: Racial/Ethnic Group Differences in 
Academic Gains

Second, we examined whether learning rates during 
COVID-19 differed by race/ethnicity within the same school 
as well as between schools based on the racial/ethnic student 
composition of the school. Specifically, we included group 
mean centered student race/ethnicity indicators in Level 2 of 
our model, which allows for the interpretation of racial/eth-
nic differences (with White students as the reference group) 
within a given school. Due to low counts for many of our 
other racial/ethnic groups (e.g., Native Americans, Pacific 
Islanders, students of two or more races), we created an 
“other race” group to include these students in the model but 
did not interpret the corresponding parameters. At Level 3 of 
the model, we include school racial/ethnic composition vari-
ables to test whether there are between-school differences in 
growth rates for schools serving a high proportion of racial-/
ethnic-minority students.

Level 2 model (student i within school j):

π β β β β

β
0 00 01 02 03

04

ij j j ij j ij j ij

j

= + + +

+

Black Hispanic Asian

Otheriij ijr+ 0

π β β β β

β
1 10 11 12 13

14

ij j j ij j ij j ij

j

= + + +

+

Black Hispanic Asian

Otheriij ijr+ 1

π β β β β

β
2 20 21 22 23

24

ij j j ij j ij j ij

j

Black= + + +

+

Hispanic Asian

Otheriij ijr+ 2

π β β β β

β
3 30 31 32 33

34

ij j j ij j ij j ij

j

= + + +

+

Black Hispanic Asian

Otheriij ijr+ 3
 (4)

Level 3 model (school j):

β γ γ γ

γ
00 000 001 002

003 00

j j j

j ju

= + +

+ +

%Black %Hispanic

%Asian

β γ γ γ

γ
10 100 101 102

103 10

j j j

j ju

= + +

+ +

%Black %Hispanic

%Asian

β γ γ γ

γ
20 200 201 202

203 20

j j j

j ju

= + +

+ +

% %

%

Black Hispanic

Asian

β γ γ γ

γ
30 300 301 302

303 30

j j j

j ju

= + +

+ +

% %

%

Black Hispanic

Asian

Research Question 3: Association Between Community 
Vulnerability and Learning Patterns

To examine the relationship between student learning and 
the degree to which students’ communities were hit by the 
pandemic, we included the county-level PVI, which is used 
by NIEHS to monitor disease trajectories and communicate 
local vulnerability (Marvel et al., 2021; NIEHS, n.d.). The 
PVI is a composite index from 12 indicators, including cur-
rent infection rates, population concentration, existing poli-
cies in interventions, and health and environmental 
vulnerabilities (including race and poverty indicators). PVI 
scores are typically reported either in a continuous metric 
(0–1) or as quintiles. In this study, we grouped schools into 
three categories: (a) low risk (e.g., bottom quintile), mid-
level risk (20th to 80th percentile), and high risk (top quin-
tile of PVI scores). We included the medium- and high-PVI 
indicators at Level 3 of the model (with low-PVI schools as 
the reference group):

Level 3 model (school j):

β γ γ γ00 000 001 002 00j j j ju= + + +MedPVI HighPVI

β γ γ γ10 100 101 102 10j j j ju= + + +MedPVI HighPVI

β γ γ γ20 200 201 202 20j j j ju= + + +MedPVI HighPVI

β γ γ γ30 300 301 302 30j j j ju= + + +MedPVI HighPVI  (5)

We estimated the growth model conditional on PVI using 
both the COVID-19 cohort (2019-2020 to 2020-2021) as well 
the prepandemic cohort (2017-2018 and 2018-2019) used in a 
prior analysis of MAP Growth data (Kuhfeld, Soland, et al., 
2020). Given the PVI measure reflects a combination of 
COVID-19-specific policy responses to the pandemic as well 
as preexisting health and economic disparities, examining 
whether high-risk communities showed differential growth 
prior to the pandemic provides an important check on whether 
it was COVID-19 disruptions or preexisting differences driv-
ing growth rate disparities.

Results

Research Question 1: Overall Patterns of Growth During 
the 2020-2021 School Year

Figure 2 shows the growth trajectories of five cohorts of 
students, starting with students moving from third to fourth 
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grade during 2019-2020 and 2020-2021 school years and 
ending with students moving from seventh to eighth grade 
during the same two school years. Specifically, the average 
test scores by grade and month (shown as circles proportional 
to how many students tested in a given month) are plotted, as 
are the estimated linear1 growth patterns (shown as lines) 
during (a) the fall and winter of the 2019-2020 school year 
(spring test data were missing for over 99% of students), (b) 
the period following March 2020 school closures through the 
summer of 2020, and (c) the 2020-2021 school year. The 
growth parameter estimates and standard errors are provided 
in Table 3. Across Grades 3 to 8, the average student showed 

almost uniformly positive math and reading test score gains 
on average in the 2020-2021 school year, though distinct pat-
terns for math and reading were clear. In the period directly 
following the initial shock of school closures due to the pan-
demic (between March 2020 and the start of the 2020-2021 
school year), students showed sizable test score drops in 
math but mostly flat growth patterns in reading. However, as 
the 2020-2021 school year progressed, students showed 
strong gains in math, but any observed gains in reading were 
modest. In other words, students’ math achievement declined 
in the early phase of the pandemic but showed evidence of 
rebounding over the course of the 2020-2021 year. 

FIGURE 2. Growth trends across 2019-2020 and 2020-2021 school years for (A) math and (B) reading. The number to left of each 
line represents the grade students were in during the 2019-2020 school year. Circles represent the mean scores within each month (size 
is proportional to the number of observed students in a month), and lines display the estimated growth trajectories from the multilevel 
growth model (see Table 3). The solid lines represent school year growth, and the dashed line represents the estimated school closure/
summer learning trajectory (which the model estimates by extrapolating from data at the end of the 2019-2020 school year and start of 
the 2020-2021 school year).
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Meanwhile, reading achievement appears to have weathered 
the initial shock but then stayed fairly stagnant during 
2020-2021.

By the end of the 2020-2021 school year, students were 
0.16 to 0.26 standard deviations below a “typical” spring in 
math and 0.06 to 0.11 standard deviations below in reading, 
with the largest differences in fourth and fifth grades (see 
Table A3c in the supplemental materials). These large differ-
ences in math achievement by spring 2021 appear to be linked 
to the sizable drops that occurred during summer 2020.

We next highlight the variability in growth rates during 
the 2020-2021 school year. Students’ growth in math 
achievement looked closer to a typical school year than stu-
dents’ growth in reading achievement. This may in part be 
due to the lower starting point in math relative to reading in 
fall 2020. Figure 3 compares the variability in 2020-2021 
school year growth rates with growth rates observed in a 
typical school year (2018-2019, the most recent noninter-
rupted school year). Median growth rates are shown as the 
horizontal bar inside each box, and the 25th and 75th percen-
tiles are displayed at the bottom and top of each box. 
Comparison of the medians between years shows that math 
growth rates in 2020-2021 were similar to a typical year 
(2018-2019), while reading growth rates were far lower than 
in a typical year. Figure 3 also indicates that 2020-2021 
growth rates in both subjects were more variable than a typi-
cal year (with the exception of reading in Grades 4 to 5) and 
particularly so for math. That is to say, the heterogeneity in 
learning rates within a school and grade level was greater in 
the 2020-2021 school year than in the 2018-2019 school 
year. Additionally, particularly in the middle school grades, 
a larger percentage of students had lower achievement scores 
in 2020-2021 relative to a typical year.

We also examined whether there is a strong association 
between prepandemic achievement and growth in the subse-
quent periods to see if students who had already been behind 

likely fell further behind during COVID-19. The random-
effect standard deviation estimates and relationship among 
the model parameters are included in Table A6 in the supple-
mental materials. Results on the correlation between initial 
achievement and growth during 2020-2021 were mixed. 
Students who were higher achieving in fall 2019 tended to 
show greater gains in math during 2020-2021 (with correla-
tions between initial achievement levels in fall 2019 and 
2020-2021 growth rates ranging from .17 to .30). However, 
there were near-zero correlations between fall 2019 reading 
achievement and growth during the 2020-2021 school year. 
These results may suggest that students who had been low 
achieving prior to the pandemic were additionally impacted 
in math, but the impact on reading was more evenly experi-
enced by all students regardless of their prepandemic 
achievement levels.

Research Question 2: Racial/Ethnic Group Differences in 
Academic Gains

We first considered whether within-school racial/ethnic 
inequalities widened significantly during the pandemic. 
Figure 4 displays the estimated within-school racial/ethnic 
differences in 2020-2021 learning rates (parameter estimates 
are provided in Table A7 in the supplemental materials). 
Prior to the start of the pandemic, sizable within-school 
inequities existed in fall 2019 achievement levels by race/
ethnicity. During the 2020-2021 school year, Black and 
Hispanic students had lower average achievement gains than 
White and Asian students in the same school in almost all 
grades and subjects. Math achievement differences between 
White students and Black and Hispanic students increased, 
on average, within the same school building in the school 
year following the pandemic’s onset. Notably, the Black–
White differences in math growth rates were approximately 
2 to 3 times larger in 2020-2021 than during the prior school 

TABLE 3
Estimated Fixed Effects for the Hierarchical Linear Growth Model for Research Question 1

Subject
Grade  

(2019-2020)
Grade  

(2020-2021) Intercept
2019-2020 

linear growth
Summer 2020 

growth
2020-2021 

linear growth

Math 3 4 186.97 (0.06)*** 1.95 (0.01)*** –0.80 (0.01)*** 1.27 (0.01)***
Math 4 5 199.00 (0.07)*** 1.44 (0.01)*** –0.54 (0.01)*** 1.01 (0.01)***
Math 5 6 207.43 (0.08)*** 1.26 (0.01)*** –1.04 (0.02)*** 0.96 (0.01)***
Math 6 7 212.86 (0.10)*** 1.06 (0.01)*** –0.43 (0.02)*** 0.66 (0.01)***
Math 7 8 219.60 (0.12)*** 0.83 (0.01)*** –0.06 (0.02)** 0.38 (0.01)***
Reading 3 4 185.70 (0.07)*** 1.82 (0.01)*** 0.15 (0.01)*** 0.47 (0.01)***
Reading 4 5 196.36 (0.07)*** 1.32 (0.01)*** 0.12 (0.01)*** 0.31 (0.01)***
Reading 5 6 203.10 (0.08)*** 1.06 (0.01)*** 0.20 (0.02)*** 0.16 (0.01)***
Reading 6 7 209.20 (0.09)*** 0.75 (0.01)*** 0.24 (0.02)*** 0.03 (0.01)*
Reading 7 8 213.40 (0.10)*** 0.59 (0.01)*** 0.47 (0.02)*** –0.10 (0.01)***

*p < .05. **p < .01. ***p < .001.
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year. In reading, Black students gained less than White stu-
dents in their same school in all grade levels, whereas 
Hispanic students showed similar or slightly higher gains 
than White students during the 2020-2021 school year. 
Across grades and subjects, Asian students showed either 
similar or slightly higher 2020-2021 growth than White stu-
dents in the same school.

Second, we considered whether 2020-2021 growth rates 
systematically differed for schools with varying student 
racial compositions (between-school inequality). During the 
2020-2021 school year, students in schools with higher pro-
portions of Black and Hispanic students and students from 
other races tended to have lower average score gains in both 
math and reading (see Table A7 in the supplemental materi-
als). These results are consummate with the theory that both 
within-school and between-school factors contributed to 
widening racial inequality during the COVID-19 pandemic.

Research Question 3: Association Between Community 
Vulnerability and Learning Patterns

Finally, we examined whether student test score growth 
varied by whether students attended school in communities 

that were particularly vulnerable to the pandemic. Table A8 
in the supplemental materials shows the parameter esti-
mates from the COVID-19 pandemic, and Table A9 shows 
the parameter estimates for the cohort followed prior to the 
onset of the pandemic. Figure 5 shows the estimated overall 
monthly growth rates by PVI risk level prior to and during 
the COVID-19 pandemic. In 2018-2019, growth rates were 
similar or higher in communities that were deemed high 
risk during the pandemic relative to students in low-risk 
communities. However, in 2020-2021, students in high-risk 
communities demonstrated consistently lower growth rates 
than students in low-risk communities. Further, our results 
indicate that 2020-2021 growth rates among students in 
low-risk communities were parallel to typical (2018-2019) 
national growth rates in math but substantially lower than a 
typical year in reading (see Figure A1 in the supplemental 
materials).

Discussion

Although a consensus has emerged that the COVID-19 
pandemic has negatively impacted student achievement, 
fundamental gaps in our understanding of achievement dur-
ing the COVID-19 era remain. For instance, there is uncer-
tainty about how much students learned during the 2020-2021 
school year, including how that learning compared with 
what might have occurred in a more typical school year. 
Most importantly, we still lack information vital to under-
standing how the pandemic has impacted students who have 
historically been marginalized in the United States. In this 
study, we bring evidence to bear on these gaps in our current 
understanding of how achievement patterns changed during 
COVID-19.

First, results show that students demonstrated positive 
gains in math and reading (on average) during the 2020-
2021 school year; however, average growth for most grades 
and subjects lagged relative to prepandemic years. For 
example, in reading, growth during 2020-2021 was far lower 
than in a typical year, and a larger proportion of students 
showed net reading declines in 2020-2021 relative to a typi-
cal year. In math, students lost more ground immediately 
after school closures but then showed growth that more 
closely paralleled gains in prepandemic years. Even though 
reading gains in 2020-2021 appeared worse than math, our 
data indicated that students were still further behind in math 
by spring 2021 (0.16 to 0.26 standard deviations behind a 
typical spring in math relative to 0.06 to 0.11 standard devia-
tions in reading). This is consistent with the findings of our 
review of 28 state assessment results, which indicated that 
achievement levels and growth in both subjects declined but 
that math achievement levels decreased most. Understanding 
mechanisms driving the divergence in observed trends for 
math and reading is not something our data allow us to pin-
point. Additional research to understand the mechanisms 
that lead to differences between math and reading during the 
2020-2021 school year is critical.

FIGURE 3. Variability in growth estimates (reported in monthly 
Rasch Unit gains or losses) for 2020-2021 relative to a typical 
school year (2018-2019). The box displays the interquartile 
range, and the vertical lines and dots show the extremes of 
the distribution. Any part of the distribution falling below zero 
indicates a student lost learning over the course of the school year.
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Second, although these average trajectories describe the 
typical scenario for growth in 2020-2021, we also saw 
greater heterogeneity in student growth during the pandemic 
period, particularly in math. Thus, the typical trajectory does 
not capture the experience of all students. One potential 
explanation for this increased variability is that students who 
made the largest gains in math were the ones who began the 
pandemic with the highest achievement in math. Conversely, 
students who began the pandemic behind in math likely 

showed lower gains during the 2020-2021 school year. Thus, 
although trends during the 2020-2021 school year in math 
were comparable to those in prior years, we provide initial 
evidence that students who started the 2019-2020 school 
year struggling in math likely fell even further behind their 
peers during the 2020-2021 academic year. In short, some of 
the rebound in math during 2020-2021 likely occurred 
among students who were already doing relatively well in 
math. Such findings likely have important implications for 

FIGURE 4. Racial/ethnic gaps in monthly growth estimates for 2020-2021 school year. Each reported estimate corresponds to the 
difference (in monthly Rasch Unit points) between the 2020-2021 learning rate for White students and Asian, Black, and Hispanic 
students, respectively. The vertical lines show the 95% confidence interval around each estimate.
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teachers. For example, if students enter classrooms with a 
much wider range of content mastery, then teachers will 
need to differentiate instruction further, finding ways to sup-
port students who are even further behind than is typical 
while also meeting the needs of students who made more 
typical gains during the pandemic.

Third, we show that racial inequality in achievement wid-
ened at both the within-school and between-school levels 
during the COVID-19 pandemic. For students attending the 
same school, racial/ethnic inequality tended to widen even 
further during the 2020-2021 year, as evidenced by lower 
growth rates among most racial-minority students in com-
parison to White students. Specifically, school year growth 
rates were lower among Black students attending the same 
school than those of their White peers both prior to and dur-
ing the pandemic. These results imply that unequal access to 

learning opportunities within the school year certainly pre-
dated COVID-19, though the pandemic likely exacerbated 
the gaps in learning opportunities. Additionally, schools 
with higher concentrations of Black and Hispanic students 
showed lower growth rates in the 2020-2021 year. Though 
not causal, these two analyses provide evidence in line with 
the theory that gaps are widening both because of differ-
ences related to where minority children go to school 
(between-school inequity) and because inequality is becom-
ing more pronounced for students in identical school settings 
(within-school inequity). Widening between-school inequi-
ties could be indicative of unequal resources between 
schools that serve higher and lower concentrations of mar-
ginalized students. By contrast, growing within-school ineq-
uities could be indicative of factors outside school impacting 
students within the same school differentially or suggest that 

FIGURE 5. Monthly growth rates during the school year by pandemic risk factors and school year. Medium-risk growth rates were 
excluded for parsimony.
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the instruction and supports within a given school are not 
having the same effect for, or are unequal between, minority 
versus nonminority students. Although our study cannot 
explicate such mechanisms, understanding them in future 
research is essential.

Fourth, and possibly as a way to better understand widen-
ing racial inequality given the association between race/eth-
nicity and income, we find that students living in communities 
with greater population density, poverty rates, and COVID-
19 infection rates demonstrated lower growth than students 
living in less impacted locations. Contracting COVID-19 
(either the student or a caregiver), losing loved ones to the 
virus, having a caregiver affected by job loss, and possibly 
intensified psychological effects of the pandemic in such 
communities could all understandably be associated with 
how effectively students can learn and teachers can teach. 
These findings may also suggest that vulnerability to public 
health threats also corresponded to slower academic prog-
ress in the schools within those communities.

As previously discussed, our findings provide data on 
how fast students might rebound after an initial shock to the 
education system and how long we might expect recovery 
from a major learning disruption to take. Although students 
did often make gains postpandemic, in total, our findings 
indicate that recovery is likely to be a very slow process 
without further intervention. Further, the process will prob-
ably be even more challenging for the nation’s most vulner-
able students, including those behind academically, students 
who are racially or ethnically marginalized, and those living 
in communities more affected by COVID-19, including 
those living in poverty. Although there is no clear consensus 
on how best to address these worrying trends in educational 
equity and opportunity, there is an argument that policy-
makers will need to consider how best to simultaneously 
address the health, economic, and educational disparities 
likely created or exacerbated by COVID-19 and do so in a 
coordinated manner.

One should also be careful not to necessarily take our 
adverse findings as reflections of teacher quality or effort. 
Teacher and principal surveys demonstrate the incredible 
efforts of educators to adapt their lessons to an online plat-
form as well as the challenges related to these rapid changes 
in instructional models and health risks associated with in-
person instruction (Hamilton et al., 2020). Indeed, our hope 
is that evidence from our study can provide educators with 
useful data to support recovery. For instance, the magnitude 
of overall losses (0.16 to 0.26 standard deviations behind in 
math, 0.06 to 0.11 standard deviations in reading) are smaller 
than effect sizes for gains associated with effective one-on-
one (or small-group) tutoring programs. A recent meta-anal-
ysis found that the overall pooled effect size for tutoring 
programs was 0.37 standard deviations, with stronger effects 
for teacher and paraprofessional tutoring programs than for 
nonprofessional and parent tutoring (Nickow et al., 2020). It 

will be essential to continue monitoring district responses 
and spending under the Elementary and Secondary School 
Emergency Relief Fund to see whether high-quality pro-
grams (such as tutoring services and additional instructional 
time) are being implemented and effectively serving the stu-
dents most in need.

Limitations

Although this study addressed several critical gaps in the 
literature on student achievement during the COVID-19 
pandemic, our data do not allow us to address all the existing 
gaps. First, this study provided descriptive comparisons and 
was not intended for estimating the causal impact of the pan-
demic or related social and educational changes. Given the 
descriptive nature of the study, one of its biggest limitations 
is that we cannot illuminate mechanisms driving these 
results. Achievement may have suffered due to the pandemic 
itself (e.g., children losing loved ones), due to pandemic-
related mitigation efforts (e.g., children missing school 
because of mandatory quarantines), through other channels 
(e.g., less learning on days students did attend), or most 
plausibly, due to multiple causes that cannot easily be disen-
tangled. For example, a recent study that examined instruc-
tion mode and student engagement during the pandemic 
found that students who were assigned a higher proportion 
of virtual instruction had higher attendance but lower 
achievement than students assigned a high proportion of 
face-to-face instruction, and these associations were even 
stronger for Black students and students who receive free or 
reduced-price meals (Darling-Aduana et al., 2022). This sug-
gests that the relationship between school attendance and 
achievement, and how that relationship is moderated by 
marginalized group status, is complicated. Understanding 
which mechanisms are more or less important will be pivotal 
to addressing the adverse effects of COVID-19 going for-
ward. Although we would ideally examine such mechanisms 
in this study, we are not in a position to do so. For instance, 
although covariates to related various factors could be 
included in models, there is no way to ensure that covariates 
measuring in-school factors are not strongly correlated with 
out-of-school factors that are actually the causal mechanism 
(and vice versa). Unfortunately, as others have pointed out, 
even beyond our study, identifying causal mechanisms 
related to the pandemic is incredibly difficult (Bacher-Hicks 
& Goodman, 2021).

Second, this study focused on math and reading in Grades 
3 through 8 but cannot address K-2 or high school academic 
achievement due to limited available data in those grades. 
Third, we cannot tie our results to students’ mental or socio-
emotional health during the pandemic. Findings from nation-
ally representative student surveys indicate that over 60% of 
students worried that the pandemic would have long-term 
negative impacts on their education and career (Morning 
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Consult, n.d.), and 46% of students felt depressed, stressed, 
or anxious (YouthTruth, 2021).

Finally, our analysis does not address the achievement 
and growth of students whose assessment data were missing 
in 2019-2020 and/or 2020-2021, including students who 
were absent from testing and students who were not enrolled 
in school. Findings from fall 2020 indicate that students of 
color and students attending high-poverty schools were 
more likely to be missing assessment data (Johnson & 
Kuhfeld, 2020). Approximately one third of students in our 
sample tested only during the 2019-2020 school year, and 
these students were lower achieving on average compared 
with students who tested in both school years (see Appendix 
B in the supplemental materials for a description of the miss-
ing data patterns in our sample). Because we cannot rule out 
the possibility that students with lower test scores prior to 
the pandemic dropped out of the sample because they were 
lower achieving, it is worth considering the potential direc-
tion of bias from these missing data. Given that we observe 
lower-achieving students were missing at higher rates and 
our results indicate that students who were lower achieving 
in math prior to COVID-19 grew at slower rates during the 
2020-2021 school year, we would speculate that our overall 
estimates of growth in math are likely to be upwardly biased 
relative to truth. However, we did not see a similar associa-
tion between initial achievement and later growth in reading, 
which makes it challenging to speculate the potential direc-
tion of bias for our reading results.

Conclusion

Despite growing consensus that COVID-19 has nega-
tively impacted student achievement, little is known about 
how much academic growth occurred during 2020-2021, the 
first full school year following the pandemic’s onset. In this 
study, we show that not only were growth rates often lower in 
2020-2021 relative to a typical school year—many more stu-
dents demonstrated declines in reading during the school 
year than normal—but growth was also much more variable. 
Thus, going forward, teachers will likely have to find ways to 
support students who were disproportionately impacted by 
the pandemic while simultaneously educating students who 
did not show slower growth. Further, the students who did 
show the greatest growth in math tended to be higher achiev-
ing before the pandemic, indicating an even greater disper-
sion of the math skills students will bring to the classroom for 
the foreseeable future. Growth was also unequal across stu-
dent racial/ethnic groups and linked to how vulnerable com-
munities were to the pandemic. Therefore, long-standing 
sources of educational inequality in the United States have 
almost certainly been exacerbated during the pandemic.
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