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Understanding the Impact of the COVID-19 
Pandemic on Student Achievement in 
Arkansas: Comparing On-Site, Hybrid, and 
Virtual Modes of Learning 

Jeff Allen 

Introduction 
The COVID-19 pandemic caused widespread disruptions to the educational system 
in Arkansas and across the United States. At the onset of the pandemic in March 
2020, schools in Arkansas were forced to replace on-site instruction with virtual 
instruction. During the 2020–2021 academic year, there were three student 
instructional options: on-site/traditional learning, hybrid/blended learning, or 
virtual/remote learning. 

Arkansas has administered the ACT® Aspire Assessment System (3rd–10th grades) 
and the ACT® test (11th grade) statewide since spring 2016. ACT Aspire testing was 
canceled in spring 2020 because of the pandemic. Using ACT Aspire and ACT 
results from spring 2019 and spring 2021, the research summarized in this paper 
examines impacts of the pandemic on student achievement in Arkansas. 

The paper is organized into two parts: 

• Comparing Performance from 2019 and 2021. We present a formal analysis of
performance in spring 2019 (before the pandemic) and spring 2021 (during the
pandemic) and account for changes in test participation and the tested
population across years.

• Comparing On-Site, Hybrid, and Virtual Modes of Learning. We examine
whether performance in spring 2021 varied by mode of learning and compare
results for each mode-of-learning group to their performance in spring 2019.

Because the same primary test forms were used in 2019 and 2021, we can be 
confident that differences between the two cohorts are not confounded by test form 
effects. The analysis focused on the change in average (mean) test scores and was 
conducted for each test section and grade level (3rd–11th grades). 

® 2022 by ACT, Inc. All rights reserved. | R2148
Updated February 2023 



ACT Research | Technical Brief | March 2022 2 

Comparing Performance from 2019 and 2021 
Comparing Performance from 2019 and 2021: Data and Methods 
ACT Aspire and 11th-grade ACT test scores from 2019 and 2021 were matched to 
student enrollment and demographic data provided by the Arkansas Department of 
Education. For 5th–11th grades, the data were also matched to prior ACT Aspire 
Summative test scores (from spring 2017 for the 2019 cohort and from spring 2019 for 
the 2021 cohort). Finally, the data were matched to instructional option data 
provided by the Arkansas Department of Education. As described later, the 
instructional option data were used to group students according to their mode of 
learning (on-site, hybrid, or virtual) during the 2020–2021 academic year.  

Table 1. Sample Sizes for 2021 Cohort for Analysis of COVID-19 Impacts on Composite Scores 

Grade 
Level 

Population 
Analysis Sample 

Status Growth Mode of Learning 
3 35,491 34,628 — 30,146 
4 35,502 34,664 — 29,957 
5 36,133 35,261 32,454 28,366 
6 37,421 36,248 33,428 28,726 
7 38,566 37,219 34,264 29,281 
8 38,798 37,355 34,342 28,845 
9 36,884 34,868 31,721 26,748 

10 36,066 33,492 30,663 25,191 
11 33,854 26,966 22,726 18,918 

At each grade level (3rd–11th), analysis was conducted for each test section score as 
well as English language arts (ELA), science, technology, engineering, and 
mathematics (STEM), and ACT and ACT Aspire Composite scores. Table 1 shows the 
sample sizes for the analysis of Composite scores for the 2021 cohort. “Population” 
represents the number of students in the Arkansas population with demographic 
data. “Status” represents the number of students in the Arkansas population with a 
Composite score. “Growth” represents the subset of students in the status sample 
who also had a prior ACT Aspire Composite score. As described later, “Mode of 
Learning” is the subset of students who also had mode-of-learning data (on-site, 
hybrid, or virtual) reported for the 2020–2021 academic year. 

To ensure that the two cohorts were similar in terms of demographic characteristics, 
we used propensity score weighting (Austin, 2011) to weight each group to be similar 
to the pooled data set, which combined the 2019 and 2021 data. The procedure used 
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logistic regression to estimate each student’s propensity for being in each cohort 
based on their gender, race/ethnicity, disability status, economic disadvantage 
status, and English learner status (i.e., covariates). For 5th–11th grades, prior ACT 
Aspire Summative test scores (from spring 2017 for the 2019 cohort and from spring 
2019 for the 2021 cohort) were used to ensure that the two cohorts (2019 and 2021) 
did not differ on prior academic achievement.1 

Using the weighted data, we fit hierarchical linear regression models in order to 
estimate the difference in average test scores from 2019 to 2021. The models 
included a random intercept for the school effect and included the same covariates 
that were used in the propensity score weighting model. The general form of the 
regression model was: 

test score = cohort + covariates + school effect 

The regression model estimated the difference in average test scores between 2019 
and 2021, adjusted for changes in the tested population. We refer to this as the 
adjusted score difference. The adjusted score difference can be expressed in three 
ways: 

1. On the original test score scale (e.g., 400–452 for the ACT Aspire Composite
score)

2. In standard deviation units (dsd = adjusted score difference divided by the
pooled standard deviation of the test score)

3. In average annual gain units (dgain = adjusted score difference divided by the
estimated score gain normally observed over one academic year)2

The hierarchical linear regression models were also used to estimate the adjusted 
score differences for different student groups, including 

• male and female students;

• racial/ethnic groups: African American, Asian, Hispanic, Native
American/Native Hawaiian, White, and two or more races;

• students with disabilities and students without disabilities;

• students from low-income households and students from higher-income
households; and

• English learners and non-English learner students.
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Group-specific estimates were obtained by fitting the hierarchical linear regression 
model with interactions between the cohort and the group indicator.   

Comparing Performance from 2019 and 2021: Total Group 
Results 
The adjusted Composite score differences provide an overall estimate of the 
pandemic’s impact on ACT Aspire and ACT test scores. Figure 1 provides the 
estimated Composite score declines from 2019 to 2021 by grade level. The estimate 
based on the Growth sample, which accounts for prior test scores, student 
demographics, and school effects, is reported by the orange line. The estimate based 
on the Status sample, which accounts for student demographics and school effects, 
is reported by the blue line. The Growth sample estimate is available only for 5th–11th 
grades, whereas the Status sample estimate is available for 3rd–11th grades. For 11th 
grade, note that the score declines are expressed on the ACT Composite score scale; 
therefore, the lines are not connected between 10th grade and 11th grade. 

For 6th–11th grades, the declines in Composite scores are more severe for the Growth 
sample, suggesting that not accounting for prior test scores (Status model) may lead 
to understating the pandemic’s impact on ACT Aspire and ACT test scores. Figure 1 
shows that Composite score declines were observed for all grade levels. 
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Figure 1. Decline in Average Composite Scores from 2019 to 2021 
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Figure 2 provides the estimated Composite score declines, in standard deviation 
units, by grade level. The estimated score declines in Figure 2 can be interpreted as 
standardized effect sizes. Score declines reported in this fashion allow us to interpret 
the score declines relative to the distribution of test scores at each grade level. For 
example, dsd = 0.10 is comparable to a decrease of four percentile rank units (e.g., 
moving from the 50th to the 46th percentile). Generally, the standardized score 
declines were larger for lower grade levels. For 3rd grade, Composite scores declined 
by 0.25 standard deviation units, which is like students’ overall performance 
dropping from the 50th to the 40th percentile. 
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Figure 2. Decline in Average Composite Scores, in Standard Deviation Units, from 2019 to 
2021 
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Figure 3 provides the estimated Composite score declines, in average annual gain 
units, by grade level. The estimated score declines in Figure 3 allow us to interpret 
the score declines relative to the annual score gain that is normally observed for 
each grade level. For example, dgain = 0.50 indicates that the score decline is 
comparable to half of the score gain that is normally observed in one year. The most 
extreme result was observed for 9th-grade Composite scores (dgain = 1.07), 
suggesting that the decline in scores from 2019 to 2021 is comparable to 
approximately one year of typical score gain. It is worth noting that dgain is based on 
estimates for both the numerator (the adjusted score difference) and the 
denominator (the average score gain from 8th to 9th grade), so it is especially prone 
to being overestimated or underestimated. Reflecting this uncertainty, a 90% 
confidence interval for dgain in this case is [0.78, 1.70]. 

Relative to the average annual gains, the score declines were smaller for lower grade 
levels, with the exception of the 10th-grade ACT Aspire and 11th-grade ACT test 
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results. Contrasting Figures 2 and 3, we see that the relationship between grade level 
and score decline depends on which score decline metric is used. Relative to the 
distribution of test scores at each grade level, the score declines are less severe for 
higher grade levels. But relative to annual score gains, the score declines are 
generally more severe for higher grade levels. This paradox is caused by the 
variability (standard deviation) of test scores increasing with grade level, while 
average score gains tend to decrease with grade level. 

Figure 3. Decline in Average Composite Scores, in Average Annual Gain Units, from 2019 to 
2021 
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Figure 4 provides the estimated score declines, in standard deviation units, by 
section and grade level. Note that the estimates are based on the Status sample for 
3rd and 4th grades and the Growth sample for 5th–11th grades. Therefore, the results 
for 3rd and 4th grades may understate the pandemic’s impact. Because they are 
based on different statistical models (the Growth model uses prior test scores as 
covariates, whereas the Status model does not), the lines between 4th and 5th grade 
are not connected. For 3rd–10th grades, we see that the relative score declines were 
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much larger in math relative to the other test sections. The score declines were 
generally more severe for English and science than for reading. For all sections and 
grade levels, average scores declined from 2019 to 2021. 

Figure 4. Decline in Average Section Test Scores, in Standard Deviation Units, from 2019 to 
2021 
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Comparing Performance from 2019 and 2021: Results by 
Student Group 
The decline in ACT Aspire and ACT test scores from 2019 to 2021 was also examined 
for different student groups. Figure 5 shows the decline in average Composite 
scores, by grade level, for African American, Hispanic, and White racial/ethnic groups. 
The 2021 sample sizes used for the analysis varied across grade levels: The number of 
students who are African American ranged from 3,846 for 11th grade to 6,870 for 7th 
grade; the number of students who are Hispanic ranged from 2,738 for 11th grade to 
5,029 for 4th grade; and the number of students who are White ranged from 14,916 
for 11th grade to 20,735 for 8th grade. For 5th–11th grades, the score declines were 
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less severe for the African American and Hispanic groups relative to the White 
group. For 3rd and 4th grades, the estimated score declines do not account for prior 
test scores and are based on the Status sample rather than the Growth sample. For 
3rd and 4th grades, the estimated score declines are more severe for the African 
American group relative to the Hispanic and White groups. 

Figure 5. Decline in Average Composite Scores by Race/Ethnicity, in Standard Deviation 
Units, from 2019 to 2021 
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Figure 6 shows the decline in average Composite scores by grade level and disability 
status. The 2021 sample sizes used for the analysis varied across grade levels: The 
number of students with disabilities ranged from 1,720 for 11th grade to 5,291 for 3rd 
grade. The score declines were consistently less severe for students with disabilities 
relative to students without disabilities.  

Similarly, Figure 7 shows that the score declines were consistently less severe for 
English learners relative to non-English learners. Note that the 2021 sample sizes for 
English learners ranged from 1,124 for 11th grade to 3,243 for 3rd grade. 
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While the results show that the score declines were less severe for students with 
disabilities and English learners, it is not clear if this is due to scale “floor” effects, 
range restriction, or true differences in the pandemic’s impact across different 
student groups. For example, higher-performing student groups had more room to 
go down, and so their test scores may have been more sensitive to disruptions in 
schooling. Lower-performing groups may have experienced the same or larger 
educational impacts, but they may have resulted in smaller score changes because 
of the floor effects or restricted range of scores. 

Figure 6. Decline in Average Composite Scores by Disability Status, in Standard Deviation 
Units, from 2019 to 2021 
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Figure 7. Decline in Average Composite Scores by English Learner Status, in Standard 
Deviation Units, from 2019 to 2021 
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Score declines were also examined by gender and by economic status (results not 
presented). Score declines were generally larger for female students than male 
students, but the differences were very small. The differences in score declines by 
economic status were small and inconsistent across grade levels. 

Comparing Performance from 2019 and 2021: Summary 
• After controlling for changes in the tested population from 2019 to 2021, we 

found that average ACT Aspire and ACT scores declined for all test sections and 
grade levels, suggesting that the COVID-19 pandemic has had a negative impact 
on student achievement.

• Score declines expressed relative to the standard deviation of test scores 
suggest that the severity of the pandemic’s impact decreases with grade level; 
score declines expressed relative to average annual score gains suggest that 
the severity of the pandemic’s impact increases with grade level.
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• The pandemic-related score declines are most severe for math and least severe
for reading.

• For 5th–11th grades, the score declines were less severe for African American and
Hispanic students relative to White students.

• The score declines for students with disabilities and English learners were less
severe than those for students without disabilities or students who are not
English learners.

Comparing On-Site, Hybrid, and Virtual Modes of 
Learning 
Comparing On-Site, Hybrid, and Virtual Modes of Learning: 
Data and Methods 
The data used for this analysis are a subset of the Growth sample (for 5th–11th 
grades) and the Status sample (for 3rd and 4th grades). Table 1 shows the Composite 
score sample sizes by grade level. For students tested in 2021, the Composite sample 
size for the mode-of-learning analysis ranged from 30,146 for 3rd grade to 18,918 for 
11th grade. 

During the 2020–2021 academic year, data were collected on students’ instructional 
option: on-site, hybrid, or virtual. This set of data was collected at four time points: 
November 15, 2020 (Cycle 3); February 15, 2021 (Cycle 5); April 15, 2021 (Cycle 6); and 
June 15, 2021 (Cycle 7). Approximately 95% of students had mode-of-learning data 
reported for all four cycles. 

Students were categorized as follows: 

• All on-site: Students who were classified as on-site at all four cycles

• All hybrid: Students who were classified as hybrid at all four cycles

• All virtual: Students who were classified as virtual at all four cycles

• Hybrid, then on-site: Students who were classified as hybrid for Cycle 3 or Cycles
3 and 5 and then classified as on-site for the later cycles

• Virtual, then on-site: Students who were classified as virtual for Cycle 3 or Cycles
3 and 5 and then classified as on-site for the later cycles

• Other - 75% or more in-person: Students who did meet criteria for the other
categories and who had a weighted average of 75% or more in-person across
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cycles (For purposes of calculating the weighted average, on-site is considered 
100% in-person, hybrid is 50% in-person, and virtual is 0% in-person.) 

• Other - 38–63% in-person: Students who did meet criteria for the other
categories and who had a weighted average of 38–63% in-person across cycles

• Other - 25% or less in-person: Students who did meet criteria for the other
categories and who had a weighted average of 25% or less in-person across
cycles

• Missing: Students who had missing instructional option data for one or more
cycles

Note that the accuracy of the classifications is limited because of the nature and 
timing of the mode-of-learning data collected. For example, a student who began 
the 2020–2021 academic year learning in the virtual mode but switched to on-site 
before the first data collection date (November 15) could be classified as “all on-site,” 
even though they spent some time learning virtually. Moreover, the only 
instructional option at the onset of the pandemic (spring 2020) was virtual, so no 
students were on-site for the duration of the study period during the pandemic (i.e., 
March 2020 through spring 2021). 

Table 2 provides the relative frequency of each mode-of-learning category by grade 
level. The percentage of students learning purely on-site decreased with grade level, 
from a high of 65% for 3rd grade to a low of 48% for 11th grade. Conversely, the 
percentage of students learning purely in hybrid mode increased from 3rd grade 
(9%) to 11th grade (12%), and the percentage of students learning purely in virtual 
mode increased from 3rd grade (12%) to 11th grade (21%). 

Table 2. Percentage in Each Mode-of-Learning Category, by Grade Level 

Category 
Grade level 

3 4 5 6 7 8 9 10 11 
All on-site 65 64 64 61 60 58 56 50 48 
All hybrid 9 9 9 9 10 10 10 12 12 
All virtual 12 13 13 14 14 15 16 18 21 
Hybrid then on-site 1 1 1 1 1 2 1 3 3 
Virtual then on-site 4 4 4 5 4 5 4 4 4 
Other: >75% in-person 1 1 1 2 2 2 3 3 4 
Other: 38–63% in-person 1 1 1 2 2 2 3 3 3 
Other: <25% in-person 0 1 1 1 1 1 1 1 1 
Missing 6 6 5 5 5 5 5 5 4 
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Table 3 summarizes participation in each mode-of-learning category by student 
group. African American (27%) and Asian (34%) students were more likely to 
participate in virtual instruction relative to other racial/ethnic groups, while Hispanic 
(65%), Native American/Hawaiian (64%), and White (61%) students were more likely to 
participate in on-site instruction. English learners (67%) were also more likely to 
participate in on-site instruction. 

Table 3. Percentage in Each Mode-of-Learning Category, by Student Group 

Group 
Mode-of-learning category 

All 
on-site 

All 
hybrid 

All 
virtual 

Other Missing 

Total 59 10 15 11 5 
African American 46 7 27 15 5 
Asian 44 8 34 11 3 
Hispanic 65 8 12 10 5 
Native American/Hawaiian 64 10 9 6 11 
Two or more races 59 8 14 12 7 
White 61 12 12 10 5 
Student with disability 60 10 15 9 6 
Student from low-income 
household 60 9 16 12 3 
English learner 67 8 9 9 7 

An analysis of mode-of-learning differences is simplified when there are fewer 
groups and the groups are well-defined. Because the majority of students were 
classified as all on-site, all hybrid, or all virtual (ranging from 87% for 3rd grade to 81% 
for 10th and 11th grades), and because the percentage of students not classified into 
these groups was similar across student groups, the analysis was limited to a 
comparison of those three groups.  

To compare test scores for each mode-of-learning group against a pre-pandemic 
baseline group, we included the total 2019 sample as the reference group. 
Propensity score weighting was used to weight each of the four groups to be similar 
to the pooled data set, which combined the 2019 data and the three mode-of-
learning groups from 2021. Logistic regression was used to estimate each student’s 
propensity for being in each group based on their gender, race/ethnicity, disability 
status, economic status, and English learner status. For 5th–11th grades , prior ACT 
Aspire Summative test scores were used to ensure that the four groups did not differ 
on prior academic achievement. 

Using the weighted data, we fit hierarchical linear regression models to estimate the 
difference in average test scores between the four groups. The models included a 



ACT Research | Technical Brief | March 2022 15 

random intercept for the school effect and employed the same covariates that were 
used for the propensity score weighting model. The general form of the regression 
model was: 

test score = group + covariates + school effect 

The regression model produced an estimate of the difference in average test score 
between each mode-of-learning group and the 2019 reference group, adjusted for 
changes in the tested population. As with the earlier analysis of pandemic-related 
score declines, adjusted score differences can be expressed on the original test score 
scale, in standard deviation units (dsd = adjusted score difference divided by the 
standard deviation of the test score), or in average annual gain units (dgain = adjusted 
score difference divided by the estimated score gain normally observed over one 
academic year). 

The hierarchical linear regression models were also used to estimate the adjusted 
score difference for different student groups, including 

• male and female students;

• racial/ethnic groups: African American, Asian, Hispanic, Native American/Native
Hawaiian, White, and two or more races;

• students with disabilities and students without disabilities;

• students from low-income households and students from higher-income
households;

• and English learner students and non-English learner students.

Group-specific estimates were obtained by fitting the hierarchical linear regression 
model with interactions between group and the student group indicator. 

Comparing On-Site, Hybrid, and Virtual Modes of Learning: 
Total Group Results 
The adjusted Composite score differences between each mode-of-learning group 
and the 2019 reference group are provided in Figure 8. For 5th–11th grades, the 
estimates account for prior test scores, student demographics, and school effects. 
For 3rd and 4th grades, the estimates account for student demographics and school 
effects. Because different models are used for 3rd–4th grades and 5th–11th grades, 
there are no lines connecting 4th and 5th grades. For 11th grade, the score declines 
are expressed on the ACT Composite score scale, which is different than the ACT 
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Aspire score scales; therefore, there are no lines connecting results from 10th grade 
to 11th grade. 

For all grade levels, average scores for the three 2021 mode-of-learning groups were 
below the scores for the 2019 pre-pandemic group. Also, the score declines were 
most severe for the virtual group, followed by the hybrid group, and finally the on-
site group. The differences between virtual and hybrid are generally larger than the 
differences between hybrid and on-site. The differences between the on-site group 
and the reference group are large, showing that even students in the on-site group 
suffered score declines relative to the pre-pandemic group. Generally, the 
performance gap for students who learned virtually is smaller for higher grade levels. 

Figure 8. Decline in Average Composite Scores Relative to 2019, by Mode-of-Learning Group 
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The adjusted Composite score differences between each mode-of-learning group 
and the 2019 pre-pandemic group, expressed in standard deviation units, are 
provided in Figure 9. Relative to the variability of test scores at each grade level, we 
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see that the differences between the 2021 mode-of-learning groups and the 2019 
group tend to become smaller for higher grade levels. 

Figure 9. Decline in Average Composite Scores in Standard Deviation Units Relative to 2019, 
by Mode-of-Learning Group 
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The adjusted Composite score differences between each mode-of-learning group 
and the 2019 pre-pandemic group, expressed in average annual gain score units, are 
provided in Figure 10. When expressed in average annual gain score units, the 
differences between the 2021 mode-of-learning groups and the 2019 group tend to 
become larger for higher grade levels. Note that the 11th grade results do not follow 
this trend but are based on the ACT Composite score, which is not on the same scale 
as the ACT Aspire Composite score. It’s possible that the drops from 10th grade to 
11th grade are due to scale differences.  
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Figure 10. Decline in Average Composite Scores in Average Annual Gain Score Units Relative 
to 2019, by Mode-of-Learning Group 
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The grade level trends shown in Figures 8, 9, and 10 are similar to the trends seen in 
the overall analysis of score declines (Figures 1, 2, and 3). The estimates for the three 
mode-of-learning groups represent a disaggregation of the estimates for the overall 
2021 group. For example, 5th-grade ACT Aspire Composite scores decreased by 1.24 
points in 2021 relative to 2019 (Figure 1). The score decreases varied by mode-of-
learning group (Figure 8) with average score declines of 1.03 for on-site, 1.30 for 
hybrid, and 2.04 for virtual. 

Another way to understand differences across groups is to compare average gain 
scores. Gain scores are only available for 5th–10th grades because prior ACT Aspire 
scores are required to calculate gain scores. Note that gain scores are not available 
for 11th grade because ACT test scores are not reported on the same vertical scale as 
ACT Aspire test scores. Figure 11 shows the average gain in Composite test scores for 
each mode-of-learning group relative to the 2019 pre-pandemic group (blue line). 
For each grade level and mode-of-learning group, the gain scores are substantially 
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lower than those observed for the 2019 group. The differences are most pronounced 
for students in the virtual group.  

Figure 11. Average Gain in Composite Scores, by Group 

 























































    



  

Next, we examine score declines by mode-of-learning group, test section, and grade 
level (Figure 12). For all three mode-of-learning groups, score declines (in standard 
deviation units) were largest for math relative to the other sections, with a few 
exceptions. The gap between virtual and other groups was clearly largest for math, 
but the gap decreased with grade level. For English, reading, and science, the gap 
between virtual and the other learning modes was smaller. For all sections, grade 
levels, and modes of learning, scores declined relative to the 2019 group.  
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Figure 12. Decline in Average Test Scores in Standard Deviation Units by Group, Section, and Grade Level 
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Comparing On-Site, Hybrid, and Virtual Modes of Learning: 
Results by Student Group 
Mode-of-learning differences were also examined for different student groups. In 
this section, we highlight Composite score results for two groups that had mode-of-
learning differences that varied from the patterns observed for the total group. 
Figure 13 shows the decline in average Composite scores for African American and 
White students by mode of learning and grade level. The mode-of-learning 
differences were substantially smaller for African American students, especially for 
higher grade levels. In particular, the virtual gap for 8th–11th grade was much smaller 
for African American students relative to White students. For African American 
students, the differences between on-site and hybrid were particularly small. 

Figure 13. Decline in Average Composite Test Scores in Standard Deviation Units by Mode of 
Learning, for African American and White Students 

 



















       



 






While the mode-of-learning differences were smaller for African American students, 
this does not imply that hybrid and virtual modes of learning were more effective for 
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African American students relative to others. To illustrate this point, we examined 
the average Composite gain scores for African American students relative to 
students in other racial/ethnic groups (Table 4). Results are averaged across 5th–10th 
grades. We see that the baseline (2019) gain was 2.50 for African American 
students and 3.61 for other racial/ethnic groups, for a difference of –1.11 score points. 
For each 2021 mode-of-learning group, the differences were less severe. However, 
in all cases, students in other racial/ethnic groups still had higher average gain 
scores than African American students, suggesting that hybrid and virtual modes 
were not more effective for African American students. 

Table 4. Composite Gain Scores for African American Students and Students in Other 
Racial/Ethnic Groups, by Mode-of-Learning Group 

Group African American 
Other 

racial/ethnic 
groups 

Difference 

2019 2.50 3.61 –1.11

2021 on-site 1.40 2.31 –0.91

2021 hybrid 1.62 2.11 –0.49

2021 virtual 1.16 1.63 –0.47

Figure 14 shows the decline in average Composite scores for students with 
disabilities and students without disabilities by mode-of-learning group and grade 
level. For all grade levels, the differences across mode-of-learning groups were 
smaller for students with disabilities (solid lines). For 8th and 10th grades, the 
differences were extremely small. On the other hand, the mode-of-learning 
differences for students without disabilities were large and consistent across grade 
levels, with the on-site group scoring higher than the hybrid group, and the hybrid 
group scoring higher than the virtual group. 
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Figure 14. Decline in Average Composite Scores in Standard Deviation Units by Mode of 
Learning and Disability Status 
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Comparing On-Site, Hybrid, and Virtual Modes of Learning: 
Summary 

• Based on data collected at four time points during the 2020–2021 academic year,
the mode-of-learning classifications with the highest percentages were all on-
site (59%), all hybrid (10%), or all virtual (15%).

• Relative to 2019, ACT Aspire and ACT test scores declined in 2021 for all three
mode-of-learning groups.

• Score declines were most severe for students who learned virtually, among the
three mode-of-learning groups.

• Score declines were less severe for students who learned on-site relative to those
who learned in a hybrid mode.
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• Mode-of-learning differences were small for reading.

• The virtual gap was most severe for math and for lower grade levels.

• African American and Asian students were less likely to learn on-site.

• Mode-of-learning differences were smaller for African American students and
students with disabilities.

Future Research Directions 
We found that scores declined during the pandemic, at least through spring 2021.  
Additional research should examine whether the negative impacts of the pandemic 
persisted beyond spring 2021. Will the decline in scores continue in spring 2022 and 
spring 2023?  Or will scores rebound?  Addressing these questions will help education 
leaders understand any lingering effects of the pandemic and the implications for 
the college and career readiness of students in Arkansas. 

The study found that score declines were less severe for traditionally lower-
performing student groups, including students with disabilities and English learners. 
However, it is not clear if those results are due to “floor” effects or true differences in 
the pandemic’s impact across different student groups. Future research can seek to 
address this question. 

While we found evidence that students who learned virtually experienced less 
academic growth (especially in math), we should keep in mind that the virtual 
programs were mostly new offerings, and so educators and students may need time 
and experience to make those programs more effective. Future research can also 
examine whether the effectiveness of virtual learning programs improves over time.  
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Notes 
1. ACT Aspire scale scores are comparable across test forms because of rigorous

equating processes. Further, because the same primary test forms were
administered in both 2019 and 2021, the changes in average test scores are not
likely attributed to test form differences. For 5th–11th grades, prior ACT Aspire test
scores from 2017 and 2019 were also used in the analysis, with a post-hoc
adjustment applied to these prior test scores to reduce possible random errors.
Because the same ACT Aspire Interim test forms were used across years, Interim
test scores can be used as anchors to adjust average Summative test scores
across years. The post-hoc adjustment quantity was derived using linear
regression with ACT Aspire Interim test scores used as predictors of ACT Aspire
Summative test scores from 2017 and 2019. For example, if Summative test scores
were 0.2 points lower in 2017 relative to 2019 (after adjusting for Interim test
scores), the scores from 2017 were adjusted +0.2 score points.

2. To estimate the score gain normally observed over one academic year, we
considered pre-pandemic data from Arkansas; specifically, for 4th–10th grades,
the one year gains from 2016 to 2017, 2017 to 2018, and 2018 to 2019 were used to
estimate the annual gain unit for 4th–10th grades For each test section, a linear
regression model was used to smooth out differences in mean gains across
grade levels and to extrapolate the mean gain for 3rd grade. For the ACT test (11th
grade), the average pre-pandemic gain is based on students who took the ACT as
part of school-day testing in 10th grade and took the ACT again in 11th grade (10–
14 months later).
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		13		20		Tags->0->93		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Four line graphs showing the decline in average test scores in standard deviation units by group, section, and grade level for each of four test subjects: English, Math, Reading, and Science. For each graph, a key notes that the line with orange squares represents 2021 On-Site, the line with yellow squares represents 2021 Hybrid, and the line with blue circles represents 2021 Virtual. The vertical axis of each graph is labeled from 0.00 to 0.65 by units of 0.05. The horizontal axis of each graph is titled Grade Level and is labeled from 3 to 11 by units of 1. First is the graph for English. For Grade 3, 2021 On-Site is set to 0.20, 2021 Hybrid is set to 0.21, and 2021 Virtual is set to 0.33. For Grade 4, 2021 On-Site is set to 0.16, and 2021 Hybrid and 2021 Virtual are both set to 0.22. The lines stop at Grade 4, and new lines start at Grade 5. For Grade 5, 2021 On-Site and 2021 Hybrid are both set to 0.10, and 2021 Virtual is set to 0.20. For Grade 6, 2021 On-Site is set to 0.15, 2021 Hybrid is set to 0.16, and 2021 Virtual is set to 0.18. For Grade 7, 2021 On-Site is set to 0.10, 2021 Hybrid is set to 0.12, and 2021 Virtual is set to 0.11. For Grade 8, 2021 On-Site is set to 0.13, 2021 Hybrid is set to 0.12, and 2021 Virtual is set to 0.16. For Grade 9, 2021 On-Site is set to 0.13, 2021 Hybrid is set to 0.15, and 2021 Virtual is set to 0.16. For Grade 10, 2021 On-Site is set to 0.13, 2021 Hybrid is set to 0.14, and 2021 Virtual is set to 0.15. For Grade 11, 2021 On-Site is set to 0.05, 2021 Hybrid is set to 0.06, and 2021 Virtual is set to 0.12. Next is the graph for Math. For Grade 3, 2021 On-Site is set to 0.24, 2021 Hybrid is set to 0.29, and 2021 Virtual is set to 0.56. For Grade 4, 2021 On-Site is set to 0.19, 2021 Hybrid is set to 0.22, and 2021 Virtual is set to 0.45. The lines stop at Grade 4, and new lines start at Grade 5. For Grade 5, 2021 On-Site is set to 0.30, 2021 Hybrid is set to 0.38, and 2021 Virtual is set to 0.61. For Grade 6, 2021 On-Site is set to 0.23, 2021 Hybrid is set to 0.30, and 2021 Virtual is set to 0.51. For Grade 7, 2021 On-Site is set to 0.18, 2021 Hybrid is set to 0.21, and 2021 Virtual is set to 0.38. For Grade 8, 2021 On-Site is set to 0.24, 2021 Hybrid is set to 0.27, and 2021 Virtual is set to 0.39. For Grade 9, 2021 On-Site is set to 0.27, 2021 Hybrid is set to 0.28, and 2021 Virtual is set to 0.36. For Grade 10, 2021 On-Site is set to 0.20, 2021 Hybrid is set to 0.22, and 2021 Virtual is set to 0.27. For Grade 11, 2021 On-Site is set to 0.04, 2021 Hybrid is set to 0.07, and 2021 Virtual is set to 0.12. Next is the graph for Reading. For Grade 3, 2021 On-Site is set to 0.17, 2021 Hybrid is set to 0.20, and 2021 Virtual is set to 0.25. For Grade 4, 2021 On-Site is set to 0.12, and 2021 Hybrid and 2021 Virtual are both set to 0.15. The lines stop at Grade 4, and new lines start at Grade 5. For Grade 5, 2021 On-Site is set to 0.14, 2021 Hybrid is set to 0.16, and 2021 Virtual is set to 0.24. For Grade 6, 2021 On-Site is set to 0.14, 2021 Hybrid is set to 0.16, and 2021 Virtual is set to 0.19. For Grade 7, 2021 On-Site and 2021 Hybrid are both set to 0.14, and 2021 Virtual is set to 0.13. For Grade 8, 2021 On-Site is set to 0.07, 2021 Hybrid is set to 0.06, and 2021 Virtual is set to 0.05. For Grade 9, 2021 On-Site is set to 0.05, 2021 Hybrid is set to 0.08, and 2021 Virtual is set to 0.05. For Grade 10, 2021 On-Site is set to 0.06, 2021 Hybrid is set to 0.03, and 2021 Virtual is set to 0.09. For Grade 11, 2021 On-Site is set to 0.10, 2021 Hybrid is set to 0.11, and 2021 Virtual is set to 0.16. The last graph is for Science. For Grade 3, 2021 On-Site is set to 0.16, 2021 Hybrid is set to 0.20, and 2021 Virtual is set to 0.33. For Grade 4, 2021 On-Site is set to 0.12, 2021 Hybrid is set to 0.16, and 2021 Virtual is set to 0.25. The lines end at Grade 4, and new lines start at Grade 5. For Grade 5, 2021 On-Site is set to 0.16, 2021 Hybrid is set to 0.22, and 2021 Virtual is set to 0.26. For Grade 6, 2021 On-Site is set to 0.18, 2021 Hybrid is set to 0.23, and 2021 Virtual is set to 0.26. For Grade 7, 2021 On-Site is set to 0.12, 2021 Hybrid is set to 0.18, and 2021 Virtual is set to 0.15. For Grade 8, 2021 On-Site is set to 0.11, 2021 Hybrid is set to 0.12, and 2021 Virtual is set to 0.13. For Grade 9, 2021 On-Site is set to 0.14, 2021 Hybrid is set to 0.15, and 2021 Virtual is set to 0.14. For Grade 10, 2021 On-Site and 2021 Hybrid are both set to 0.10, and 2021 Virtual is set to 0.14. For Grade 11, 2021 On-Site is set to 0.03, 2021 Hybrid is set to 0.04, and 2021 Virtual is set to 0.08." is appropriate for the highlighted element.		Verification result set by user.

		14		21		Tags->0->97		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Line graph showing the decline in average composite test scores in standard deviation units by mode of learning, for African American and white students. A key at the top notes that a line with orange squares represents 2021 On-Site, a line with yellow squares represents 2021 Hybrid, and a line with blue circles represents 2021 Virtual. It also indicates that solid lines represent African American students and dashed lines represent white students. The vertical axis is labeled from 0.00 to 0.45 by units of 0.05. The horizontal axis is titled Grade Level and is labeled from 3 to 11 by units of 1. For Grade 3, 2021 On-Site is set to 0.26 for African American students and 0.19 for white students, 2021 Hybrid is set to 0.25 for African American students and 0.22 for white students, and 2021 Virtual is set to 0.39 for African American students and 0.40 for white students. For Grade 4, 2021 On-Site is set to 0.23 for African American students and 0.14 for white students, 2021 Hybrid is set to 0.24 for African American students and 0.18 for white students, and 2021 Virtual is set to 0.27 for African American students and 0.28 for white students. For Grade 5, 2021 On-Site is set to 0.17 for African American students and 0.19 for white students, 2021 Hybrid is set to 0.17 for African American students and 0.25 for white students, and 2021 Virtual is set to 0.30 for African American students and 0.38 for white students. For Grade 6, 2021 On-Site is set to 0.15 for African American students and 0.20 for white students, 2021 Hybrid is set to 0.19 for African American students and 0.25 for white students, and 2021 Virtual is set to 0.22 for African American students and 0.34 for white students. For Grade 7, 2021 On-Site is set to 0.12 for African American students and 0.18 for white students, 2021 Hybrid is set to 0.10 for African American students and 0.22 for white students, and 2021 Virtual is set to 0.17 for African American students and 0.26 for white students. For Grade 8, 2021 On-Site is set to 0.16 for African American students and 0.15 for white students, 2021 Hybrid is set to 0.17 for both African American and white students, and 2021 Virtual is set to 0.18 for African American students and 0.23 for white students. For Grade 9, 2021 On-Site is set to 0.14 for African American students and 0.18 for white students, 2021 Hybrid is set to 0.16 for African American students and 0.22 for white students, and 2021 Virtual is set to 0.15 for African American students and 0.24 for white students. For Grade 10, 2021 On-Site is set to 0.10 for African American students and 0.15 for white students, 2021 Hybrid is set to 0.08 for African American students and 0.16 for white students, and 2021 Virtual is set to 0.11 for African American students and 0.21 for white students. For Grade 11, 2021 On-Site is set to 0.02 for African American students and 0.08 for white students, 2021 Hybrid is set to 0.05 for African American students and 0.11 for white students, and 2021 Virtual is set to 0.07 for African American students and 0.16 for white students." is appropriate for the highlighted element.		Verification result set by user.

		15		23		Tags->0->104		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Line graph showing the decline in average composite scores in standard deviation units by mode of learning and disability status. A key at the top notes that a line with orange squares represents 2021 On-Site, a line with yellow squares represents 2021 Hybrid, and a line with blue circles represents 2021 virtual. It also notes that solid lines represent Students with Disabilities and dashed lines represent Not Students with Disabilities. The vertical axis is labeled from 0.00 to 0.45 by units of 0.05. The horizontal axis is titled Grade Level and is labeled from 3 to 11 by units of 1. For Grade 3, 2021 On-Site is set to 0.14 for Students with Disabilities and 0.21 for Not Students with Disabilities, 2021 Hybrid is set to 0.15 for Students with Disabilities and 0.25 for Not Students with Disabilities, and 2021 Virtual is set to 0.15 for Students with Disabilities and 0.42 for Not Students with Disabilities. For Grade 4, 2021 On-Site is set to 0.10 for Students with Disabilities and 0.17 for Not Students with Disabilities, 2021 Hybrid is set to 0.13 for Students with Disabilities and 0.21 for Not Students with Disabilities, and 2021 Virtual is set to 0.12 for Students with Disabilities and 0.30 for Not Students with Disabilities. For Grade 5, 2021 On-Site is set to 0.09 for Students with Disabilities and 0.19 for Not Students with Disabilities, 2021 Hybrid is set to 0.14 for Students with Disabilities and 0.24 for Not Students with Disabilities, and 2021 Virtual is set to 0.15 for Students with Disabilities and 0.39 for Not Students with Disabilities. For Grade 6, 2021 On-Site is set to 0.15 for Students with Disabilities and 0.20 for Not Students with Disabilities, 2021 Hybrid is set to 0.21 for Students with Disabilities and 0.24 for Not Students with Disabilities, and 2021 Virtual is set to 0.21 for Students with Disabilities and 0.33 for Not Students with Disabilities. For Grade 7, 2021 On-Site is set to 0.14 for Students with Disabilities and 0.15 for Not Students with Disabilities, 2021 Hybrid is set to 0.18 for both Students with Disabilities and Not Students with Disabilities, and 2021 Virtual is set to 0.15 for Students with Disabilities and 0.24 for Not Students with Disabilities. For Grade 8, 2021 On-Site is set to 0.14 for Students with Disabilities and 0.15 for Not Students with Disabilities, 2021 Hybrid is set to 0.15 for Students with Disabilities and 0.16 for Not Students with Disabilities, and 2021 Virtual is set to 0.14 for Students with Disabilities and 0.23 for Not Students with Disabilities. For Grade 10, 2021 On-Site is set to 0.05 for Students with Disabilities and 0.14 for Not Students with Disabilities, 2021 Hybrid is set to 0.04 for Students with Disabilities and 0.15 for Not Students with Disabilities, and 2021 Virtual is set to 0.06 for Students with Disabilities and 0.20 for Not Students with Disabilities. For Grade 11, 2021 On-Site is set to 0.01 for Students with Disabilities and 0.08 for Not Students with Disabilities, 2021 Hybrid is set to 0.00 for Students with Disabilities and 0.10 for Not Students with Disabilities, and 2021 Virtual is set to 0.05 for Students with Disabilites and 0.14 for Not Students with Disabilities." is appropriate for the highlighted element.		Verification result set by user.

		16						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Not Applicable		No Formula tags were detected in this document.		

		17						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Not Applicable		No Link annotations were detected in document.		

		18						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Forms		Not Applicable		No Form Fields were detected in this document.		

		19						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Other Annotations		Not Applicable		No other annotations were detected in this document.		

		20						Guideline 1.2 Provide synchronized alternatives for multimedia.		Captions 		Not Applicable		No multimedia elements were detected in this document.		

		21						Guideline 1.3 Create content that can be presented in different ways		Form Annotations - Valid Tagging		Not Applicable		No Form Annotations were detected in this document.		

		22						Guideline 1.3 Create content that can be presented in different ways		Lbl - Valid Parent		Not Applicable		No Lbl elements were detected in this document.		

		23						Guideline 1.3 Create content that can be presented in different ways		LBody - Valid Parent		Passed		All LBody elements passed.		

		24						Guideline 1.3 Create content that can be presented in different ways		Link Annotations		Not Applicable		No tagged Link annotations were detected in this document.		

		25						Guideline 1.3 Create content that can be presented in different ways		Links		Not Applicable		No Link tags were detected in this document.		

		26						Guideline 1.3 Create content that can be presented in different ways		List Item		Passed		All List Items passed.		

		27						Guideline 1.3 Create content that can be presented in different ways		List		Passed		All List elements passed.		

		28						Guideline 1.3 Create content that can be presented in different ways		Other Annotations - Valid Tagging		Not Applicable		No Annotations (other than Links and Widgets) were detected in this document.		

		29						Guideline 1.3 Create content that can be presented in different ways		RP, RT and RB - Valid Parent		Not Applicable		No RP, RB or RT elements were detected in this document.		

		30						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - Ruby		Not Applicable		No Ruby elements were detected in this document.		

		31						Guideline 1.3 Create content that can be presented in different ways		Table Cells		Passed		All Table Data Cells and Header Cells passed		

		32						Guideline 1.3 Create content that can be presented in different ways		THead, TBody and TFoot		Not Applicable		No THead, TFoot, or TBody elements were detected in this document.		

		33						Guideline 1.3 Create content that can be presented in different ways		Table Rows		Passed		All Table Rows passed.		

		34						Guideline 1.3 Create content that can be presented in different ways		Table		Passed		All Table elements passed.		

		35						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - Warichu		Not Applicable		No Warichu elements were detected in this document.		

		36						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - WT and WP		Not Applicable		No WP or WT elements were detected in the document		

		37						Guideline 1.3 Create content that can be presented in different ways		Heading Levels		Passed		All Headings are nested correctly		

		38						Guideline 1.3 Create content that can be presented in different ways		ListNumbering		Passed		All List elements passed.		

		39						Guideline 1.3 Create content that can be presented in different ways		Header Cells		Passed		All table cells have headers associated with them.		

		40		2,13,14,22		Tags->0->15,Tags->0->64,Tags->0->67,Tags->0->101		Guideline 1.3 Create content that can be presented in different ways		Summary attribute		Passed		Table doesn't define the Summary attribute.		Verification result set by user.

		41						Guideline 1.3 Create content that can be presented in different ways		Scope attribute		Passed		All TH elements define the Scope attribute.		

		42						Guideline 1.3 Create content that can be presented in different ways		Meaningful Sequence		Passed		No Untagged annotations were detected, and no elements have been untagged in this session.		

		43						Guideline 1.3 Create content that can be presented in different ways		Article Threads		Not Applicable		No Article threads were detected in the document		

		44						Guideline 1.3 Create content that can be presented in different ways		Tabs Key		Not Applicable		Document does not have annotations		

		45				Doc		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Format, layout and color		Passed		Make sure that no information is conveyed by contrast, color, format or layout, or some combination thereof while the content is not tagged to reflect all meaning conveyed by the use of contrast, color, format or layout, or some combination thereof.		Verification result set by user.

		46				Doc		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Minimum Contrast		Passed		Please ensure that the visual presentation of text and images of text has a contrast ratio of at least 4.5:1, except for Large text and images of large-scale text where it should have a contrast ratio of at least 3:1, or incidental content or logos

		Verification result set by user.

		47						Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Images of text - OCR		Not Applicable		No raster-based images were detected in this document.		

		48						Guideline 2.1 Make all functionality operable via a keyboard interface		Server-side image maps		Not Applicable		No Link annotations were detected in this document.		

		49						Guideline 2.2 Provide users enough time to read and use content		Timing Adjustable		Not Applicable		No elements that could require a timed response found in this document.		

		50						Guideline 2.3 Do not design content in a way that is known to cause seizures		Three Flashes or Below Threshold		Not Applicable		No elements that could cause flicker were detected in this document.		

		51						Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Headings defined		Passed		Headings have been defined for this document.		

		52						Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Outlines (Bookmarks)		Passed		Bookmarks are logical and consistent with Heading Levels.		

		53				MetaData		Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Metadata - Title and Viewer Preferences		Passed		Please verify that a document title of Understanding the Impact of the COVID-19 Pandemic on Student Achievement in Arkansas: Comparing On-Site, Hybrid, and Virtual Modes of Learning is appropriate for this document.		Verification result set by user.

		54				MetaData		Guideline 3.1 Make text content readable and understandable.		Language specified		Passed		Please ensure that the specified language (EN-US) is appropriate for the document.		Verification result set by user.

		55				Pages->0		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 1 contains content but does not define header or footer pagination artifacts. Please confirm this is correct.		Verification result set by user.

		56				Pages->1		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 2 does not contain footer Artifacts.		Verification result set by user.

		57				Pages->11		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 12 does not contain footer Artifacts.		Verification result set by user.

		58				Pages->12		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 13 does not contain footer Artifacts.		Verification result set by user.

		59				Pages->13		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 14 does not contain footer Artifacts.		Verification result set by user.

		60				Pages->14		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 15 does not contain footer Artifacts.		Verification result set by user.

		61				Pages->19		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 20 does not contain footer Artifacts.		Verification result set by user.

		62				Pages->20		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 21 does not contain footer Artifacts.		Verification result set by user.

		63				Pages->21		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 22 does not contain footer Artifacts.		Verification result set by user.

		64						Guideline 3.2 Make Web pages appear and operate in predictable ways		Change of context		Passed		No actions are triggered when any element receives focus		

		65						Guideline 3.3 Help users avoid and correct mistakes		Required fields		Not Applicable		No Form Fields were detected in this document.		

		66						Guideline 3.3 Help users avoid and correct mistakes		Form fields value validation		Not Applicable		No form fields that may require validation detected in this document.		

		67						Guideline 4.1 Maximize compatibility with current and future user agents, including assistive technologies		4.1.2 Name, Role, Value		Not Applicable		No user interface components were detected in this document.		
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