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The question of whether summer vacation is detrimental to student learning has been the
subject of education research for more than a century.¹ Descriptions such as “summer
slide” or “summer learning loss” denote that learning progress often slows—and, in many
cases, declines—over the summer break.² But these summer changes may 
not look the same for all students: evidence suggests that some learn new 
skills while others forget or lose mastery.³ 

Some scholars estimate that students lose a quarter or more of the 
prior school year’s progress in math   between spring and fall 
assessments—the equivalent of four steps forward, one 
step back.

Existing research has been mixed when it comes to 
whether learning slows or reverses during summers 
and, importantly, whether what happens between 
spring and fall assessment windows exacerbates 
opportunity gaps along socioeconomic or racial 
lines.   Moreover, enrichment at home or 
through school- or community-based 
initiatives may help to mitigate a slowdown 
in learning from spring to fall. 

Against this backdrop, the COVID-19 pandemic introduced not only a public health crisis
but also an extended period of virtual learning for most students enrolled in schools in the
United States (US).   Disruptions to schooling pale in comparison to the deep personal 
losses that many young people, especially those in communities of color, experienced. 

1. White, "Reviews before and after vacation"

2. I use "summer learning" to refer to both gains and losses that may occur between spring and fall

assessments. This choice aims to foreground the act of learning rather than the threat of "loss." 

3. Cooper et al., "Summer Vacation"

4. Briggs and Wellberg, Evidence of "Summer Learning Loss" 

5. Kuhfeld and Lewis summarize this debate in "Is summer learning loss real"; see also Leefelt, "The key to

inequality"; Kuhfeld, "Surprising new evidence";  and Workman et al., "Findings on Summer Learning Loss."

6. von Hippel et al., "Inequality in ELA and Math" 

7. Education Week Staff, "A Year of COVID-19" 

8. Mackey et al., "Racial and ethnic disparities in COVID-19"
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The 2022 release of scores on the National Assessment of Educational Progress (NAEP),
known as “the Nation’s Report Card,” confirmed a historic decline in students’ math and
reading performance, with steeper declines in math.   Analysis of district-level patterns
reveals that the pandemic disproportionately affected learning in lower-income
communities.    Likewise, analysis of spring data from curriculum and assessment
providers indicates that students are behind where their same-grade peers were in the
years preceding the pandemic.  
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i-Ready Fast Facts

i-Ready is a suite of products made
by the educational technology
company Curriculum Associates 
Tests are computer-delivered
formative assessments
administered at three points
throughout the school year
Used by ~11 million students at
38,000+ schools 
Unlike high-stakes assessments
such as state standardized tests, i-
Ready assessments are meant to
serve as an iterative measure of
student progress that school
leaders and teachers can use to
inform practice

These findings introduce new urgency to
questions about when and how education
systems might best support students to
make up for missed learning opportunities
and other pandemic-related setbacks.
Summer break represents an important
opportunity to make up for lost time, given
that it constitutes roughly 20 percent of each
calendar year.

With this brief, I set out to describe patterns
in learning from spring to fall between the
pre-pandemic period (summers of 2018 and
2019) and the summers that followed the
return to in-person learning (summers of

2021 and 2022).    I do this by examining assessment scores for a given spring and the

corresponding fall, using the difference between the two as a proxy for changes in

learning that transpired over the summer break.    I present findings in the context of the

spring and fall scores observed in the i-Ready data—that is, I identify change over the

summers in relation to the levels at which students perform in a given academic year. 

9. Results from the National Assessment of Educational Progress (NAEP) test are from a nationally
representative sample of fourth and eighth grade students.
10. Fahle et al., School District and Community Factors
11. See Bahena and Morales, K-8 Pandemic Learning and Kuhfeld et al. , "Test score patterns", for more
discussion of these data.
12. Assuming a 2.5 month (roughly ten week) summer break and a 9.5 month academic year
13. I avoid language that refers to a “post-pandemic” period, as the coronavirus continued contributing to
excess morbidity and mortality through the end of 2022. Instead, I consider the onset of COVID-19 in the US as
one demarcating event and the return to majority in-person learning for students in US schools as another.
14. The period between spring and fall assessments typically includes at least several weeks of instructional
time before and after summer break, such that this measure may under- or over-estimate the true magnitude
of changes that occur over the summer. See Briggs and Wellberg, "Evidence of 'Summer Learning Loss'" and
Kuhfeld et al., "When does inequality grow?" for detailed discussion of this issue and the technical appendix
for more information on my handling of it.
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http://sites.northwestern.edu/dist/9/6319/files/2023/06/E4_2023_Back-to-School_Appendix.pdf
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The analysis focuses on a subset of schools that used the i-Ready platform both prior to
the pandemic (summer 2018 and 2019) and during at least one of the pandemic-era
summers (2021 and 2022). I include students who completed first through fourth grade in a
given spring, for a sample with both spring and fall enrollments that correspond to
traditional elementary school grades (i.e., grades 1-5). 

In Sections 2 and 3, I present an overview of learning trends for math and reading in the
summers of 2018 to 2022.     I then examine whether patterns diverge for those who began
the prior school year below rather than on grade level.

15. I omit the summer of 2020 due to pandemic-related data limitations. 

16. I use “on grade level” to refer to any student whose performance is at least on grade level; this category

includes students who score on or above grade level.

Using data from the i-Ready spring and fall diagnostic assessments
of more than four million students from more than 9,000 schools, I
examine scores and shifts in learning.

What does "summer" mean here?

This report examines data from
spring and fall. Each year, the
median spring assessment occurred
in mid-May and the median fall
assessment in the first week of
September, for a four-month period
between assessments. While the
time between May and September
includes the summer break, it also
includes some learning that takes
place before the end of one school
year and at the beginning of the next.

16

15



In the figure at right, I look at spring-
to-fall changes in scores as a
measure of summer learning
changes for the summers of 2018
and 2019 (pre-pandemic) alongside
the summers of 2021 and 2022. Two
changes shown in this graph are
worth noting here.

First, scores are lower now than
they were prior to the pandemic.
This change exceeds the differences
seen between spring and fall
assessments (“summer learning
losses”).

Second, the figure depicts dots for
each spring and fall that are
connected by a solid line: this line
represents the change in score (loss

Summer Learning in 
Math & Reading
Math

02
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or gain) between a given spring and fall. The lines slope downward in the pre-pandemic

period, consistent with a decline in math scores over the summer. The average change in

scores ranged from four to ten points, or roughly 20 to 40 percent of the school year’s gains.

Summer losses are smaller in 2021 and 2022. The lines that connect each set of dots are

flatter than in pre-pandemic summers, consistent with losses of fewer than five points. 

Together, these two observations point to an interesting trend in summer learning changes

in the COVID-19 era: on average, students are scoring lower on spring math assessments

than they did prior to the pandemic. But they do not appear to lose as much of their

academic year learning over the summer as their same-age peers did in summers before

2020. This allows the average student to come back to school slightly closer to pre-

pandemic levels than they were in the spring—though still below those levels. 

17. This is consistent with losses of .20 to .29 standard deviation units in the summer of 2019. 

17
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Reading

Turning to reading, spring-to-fall
score changes look quite different
than they did for math. In general,
reading scores do not change much
between a given spring and the
corresponding fall; as the figure at
left shows, they slope slightly
upward for some grades (especially
those completing grade 1) and
downward for others, with no clear
pattern by age or grade.

Reading scores are slightly lower in
the pandemic era compared to pre-
pandemic; time trends in spring
scores are discussed in greater
detail in work from the E4 Center by
Bahena and Morales that draws on
a similar dataset. 

Given that reading scores show
limited variation between spring
and fall across the timeframe I
consider, I discuss summer learning
in math over the summers of 2018-
2022 in greater detail than I do
summer learning in reading. 

In Section 3, I group students based
on whether they began the
academic year on grade level or
below grade level based on their fall
diagnostic score. 

18. I omit the summer of 2020 given data limitations with the spring 2020 assessment, as discussed in

Curriculum Associates, "COVID Learning Loss."

18

https://e4.northwestern.edu/k-8-pandemic-learning-trends/


Student Subgroups: 
On or Below Grade Level
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Students who performed below grade level on the fall i-Ready diagnostic prior to the
pandemic experienced more academic-year growth, on average, than their peers who
began the academic year on grade level. For example, the average first grade student who
was below grade level in fall of 2018 saw their math score increase by 48 points between
fall and spring assessments, compared to an average increase of 32 points among
students who were on grade level (50 percent more growth). Put differently, students who
began the academic year below grade level have spring scores that are still below, but not
as far below, their on-grade-level peers at the end of the academic year. 

It is encouraging to see the gap in math performance narrow over the course of the school
year, between students who began the year on grade level and those who did not.  What
may be more surprising is that this gap continues to narrow over the summer. For
example, fourth grade students who began the 2018-19 academic year below grade level
in math scored, on average, 49 points below their peers in spring 2019 and 43 points
below in fall 2019. While this summer shift is modest, it suggests some degree of
“catching up” during both school years and summers.  

Math
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In other words, these data tell us that, on average, students who began the year on grade
level experience more summer learning loss than their peers who were below grade level.
For example, fourth grade students who began the 2018-19 academic year below grade
level in math experienced a summer learning loss of six points (21 percent of their
academic-year gains), compared to their on-grade-level peers, who lost 11 points (44
percent of their academic-year gains). 
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What I have observed so far is that school year gains are larger and summer losses
smaller, on average, for students who began the academic year below grade level,
compared to their on-grade-level peers. It may be reassuring to see that the gaps
between these two groups are not exacerbated by a year of instruction or a summer
away from school. But at least some of this pattern can be attributed to regression to
the mean, a type of measurement error that is especially relevant when tracking gain
scores (or changes in a given student’s score on the same assessment) over time. 

One way to think about this is that a score from a given assessment has a margin of
error—like any measurement. Gain scores have even more uncertainty, given that
they involve multiple assessments. And when students are grouped according to
their scores on one assessment—in this case the fall baseline—we are more likely to
have captured the measurement error that resembles “good luck” in the students
who are classified as on grade level—and days with “bad luck” among those who are
classified as below grade level. 

Accordingly, I want to be especially cautious drawing conclusions about a pattern in
which the scores of on- and below-grade level students move                                  over
time. For this reason, the pattern of academic-year gains and modest summer
learning losses that I observe pre-pandemic should be interpreted as reflecting some
degree of regression to the mean. I will revisit this possibility in the next section, after
examining changes in spring-to-fall patterns since the onset of COVID-19.  

Is this just regression to the mean?

Summers of 2021 and 2022

The figures on page 6 and 7 show spring and fall scores for each grade and year that I
consider, with separate lines for students who began the academic year below grade level
and those who began on grade level. 

As shown in Section 2, performance in the pandemic era is lower than it was prior to the
pandemic, both for students who are on grade level and those who are not. The lines
representing summers between each spring and fall assessment also appear flatter in
2021 and 2022 than pre-pandemic. 

In turning to the question of how these subgroups of students have fared in light of the
COVID-19 pandemic, I compare the performance of each group to the performance of their
same-grade peers prior to the pandemic (see figures on page 9). That is, I compare the
scores of students who scored below grade level in the fall of 2020 or 2021 to their same-
grade peers who scored below grade level in the fall of 2018.  

19. Briggs and Wellberg, Evidence of "Summer Learning Loss"; Wolf, "Regression to the Mean"

closer together

19
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We see that students who began the 2021-22 school year on grade level finished that year  
24 to 35 percent behind where their on-grade-level peers had scored on the math
assessment in the spring of 2019. This pandemic-era gap then narrowed over the summer,
with students returning to school 11 to 14 percent of an academic year behind where their
same-grade peers had been in fall of 2019.  
 
The figure above shows that between spring and fall of 2022 these students made even
more progress towards eliminating pandemic-era learning losses, a shift that is
suggestive of ongoing change over time.

20. It is possible that the pattern observed is entirely due to regression to the mean; but for it to explain the

entirety of this pattern, the nature of this measurement error would need to have changed over time, a

possibility that warrants further study. 

Spring Fall

Spring Fall

20

Difference between average scores and those of comparable peers from 2018-2019
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The picture is a bit more concerning for students who returned to in-person learning below
grade level in math. Their spring 2021 and 2022 math assessments were 15 to 22 percent 
of an academic year behind where their below-grade-level peers had been in the spring of
2019. These gaps narrowed over the summer, to between six and 12 percent of an
academic year behind where their below-grade-level peers had been in the fall of 2019. 

These data suggest that, although students who began the year below grade level
experience less summer learning loss than their on-grade-level peers, they are not making
up as much ground over the summer as their peers did in prior years. Perhaps more
pressing: I see no evidence that students who returned to in-person learning below grade
level in math are starting to recover from pandemic-era unfinished learning.

If this trend were to continue, it could mean students who returned to in-person schooling
below grade level continue to fall further behind their on-grade-level peers than I would
have expected based on what I saw before the pandemic. Additionally, the figure above
shows that the proportion of students who are performing below grade level in math has
increased relative to pre-pandemic years. Together, these patterns suggest that the group
of students whose performance is considered below grade level is growing. 

In the analysis discussed above, average scores have fallen more for on-grade-level
students than for their below-grade-level peers. This change in their relative
positions could have implications for the extent to which regression to the mean
explains these findings.    For instance, if the average scores of students performing
below grade level have grown farther from the grade-level threshold than they were
pre-pandemic, whereas those of their on-grade-level peers have grown closer to this
same threshold, we would expect an increase in regression to the mean for the first
group but a decrease for the second. Importantly, a change in the amount (or
direction) of measurement error over time would have implications for which
conclusions, if any, we can draw from the patterns observed.  

How might pandemic patterns be affected by regression to the mean? 

21
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Reading

As with reading scores discussed in Section I, I do not see evidence of substantial summer
losses in reading in the 2018-2022 school years, either for students who began the
academic year on grade level or for their peers who began the school year below grade
level. For example, among students who finished second grade in spring 2019, those who
had begun the year below grade level lost four points in reading; their peers who began the
year on grade level lost two points (losses of nine percent and six percent of their
academic-year gains, respectively). Among those who completed fourth grade in spring
2019, both groups returned to school in the fall with an average score less than one point
above or below their spring performance. 

Spring Fall

Spring Fall

Difference between average scores and those of comparable peers from 2018-2019



Center for Education Efficacy, Excellence, and Equity                                                                                                                            12

The figure on the previous page depicts pandemic-era scores in terms of the growth each
group’s same-grade peers experienced in 2018-19. We see a pattern that is quite similar
to the one we observed for these subgroups in math.  
 
In fact, the average student who began second through fourth grade reading on grade level
in Fall 2021 returned to school in Fall 2022 performing ahead of where their same-grade
peers were in reading in Fall 2019. Students who returned to in-person learning
performing on grade level in reading have, on average, eliminated any pandemic-era
unfinished learning. 
 
The pattern for students who returned to in-person learning performing below grade level
in reading is similar to what we saw in math. Students’ spring scores were 16 to 21 percent
of an academic year behind where their below-grade-level peers had performed in 2018-
19. These gaps narrowed slightly over the summer, to between 8 and 18 percent of an
academic year behind where their below-grade-level peers had been in the fall of 2019. 
 
Together, the math and reading data indicate that students who returned to in-person
learning below grade level are, on average, not making continued progress towards
pandemic-era unfinished learning. While gaps are narrowing between spring and fall
assessments, this progress is not enough to get students back to where their below-
grade-level peers were performing prior to the pandemic. 
 



Conclusion
04
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Summer learning trajectories, a topic of interest in education research even before the
pandemic, have received heightened attention as states and districts work to support
students who lost ground as a result of the COVID-19 pandemic. This report provides
information about spring and fall scores both prior to the pandemic and in the summers
of 2021 and 2022. I make several contributions: 

Our findings align with past research that has identified substantial summer learning
loss in math, but not in reading.    I observe a decrease in math scores between spring and
fall assessments for almost every grade-year combination I examine. Also in line with
past research, I do not find evidence of substantial learning losses in reading. I add to this
literature by confirming that reading scores do not tend to decrease over the summer for
both grade-level groups: those who began the academic year on grade level and those
who began below grade level. 

Is it "summer slide"?

I provide a current look at the state of student learning, with data through the fall of 2022.
These most recent data raise concerns that achievement has not fully rebounded from
the pandemic-era unfinished learning.    In the spring of 2021 and 2022, elementary
school students performed 24 to 43 percent of an academic year behind where their
same-grade peers were in math in spring 2019. This gap was roughly reduced by half over
the summer (to 13 to 21 percent of an academic year). However, I see no indication of a
trend towards eliminating this pandemic-era unfinished learning; that is, math scores in
2021-22 were not substantially higher than those observed in 2020-21.

Pandemic-era unfinished learning

The most concerning element of these findings comes when we look at 2021 and 2022
progress, relative to pre-pandemic, based on whether students scored on, versus below,
grade level at the start of each school year. We see that students who returned to in-person
learning performing on grade level have made progress towards eliminating pandemic-era

Recovery for students on, but not below, grade level 

22.  Briggs and Wellberg, Evidence of "Summer Learning Loss"

23.  In contrast, after Hurricane Katrina, achievement was observed to rebound roughly two years after the

natural disaster (Sacerdote, "When the Saints Go Marching Out"). See also Kuhfeld et al, "Test Score Patterns."

22

23
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unfinished learning in both math and reading.  

In contrast, the growing group of students who began the 2020-21 or 2021-22 school year
performing below grade level remains behind where their below-grade-level peers
performed in 2018-19. This pandemic-era gap is present in both math (six to 12 percent of
an academic year) and reading (eight to 18 percent of an academic year).

Kuhfeld and her colleagues report that gaps in performance may have worsened in the
second, compared to the first, pandemic school year.    Our findings are similar. However, it
is important to note that we are still relatively early in the pandemic recovery era. I urge
caution in interpreting these findings as representative of a “post-pandemic” period, given
that the virus continued to infect and kill many Americans throughout the time period that
our data cover. 
 
While additional research is needed, including from the 2022-23 school year and beyond,
policymakers and education leaders should be on the lookout for whether learning
progress is moving in the right direction. It is clear that our most vulnerable students may
need enhanced supports to recover from pandemic-era unfinished learning. 

I acknowledge that regression to the mean certainly contributes to the phenomena
that we report here. As Briggs and Wellberg note, there is “surely some signal” in
information about gain scores, especially when aggregated (e.g., at the school- or
state- level rather than the individual). They caution, however, that “there is also a
considerable amount of noise.”     I concur. It is important to recognize that regression
to the mean may account for a substantial portion of the summer learning patterns
and time trends we observe, especially when we compare across subgroups. At the
same time, the patterns I see are timely in relation to pandemic recovery and relevant
to concerns about widening inequalities, both in general and in light of the COVID-19
pandemic.  I report on them here, acknowledging that this work is descriptive, not
causal, and that there is a need for future research that models these trajectories
across a longer timeframe and engages with a more rigorous analysis of
measurement error.  

Looking ahead

A final note on regression to the mean

25. Kuhfeld et al., "Test Score Patterns"

26. Data from the World Health Organization confirm that the US experienced more than 1,000 confirmed

COVID-related deaths per week through the end of 2022. 
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Making connections: School contexts and social policy 

27. Jordan, "What Congressional Funding Means for K-12 Schools"

28. Refers to funds being obligated (under contract for a specific purpose) (see FutureEd, "Progress in

Spending"

29. See Starr and  Gao, " Summer School Program" and Lehrer-Small, "New Data."

Coronavirus recovery legislation included nearly $200 billion allocated to K-12 education,     
of which roughly half had been spent by early 2023.     The Department of Education
reports that these funds supported the expansion of summer learning programming in all
50 states, Washington, D.C., and Puerto Rico. These supports may have helped to reduce
summer learning losses that might otherwise have been larger in the summers of 2021
and 2022.  
 
Summer programming tends to prioritize the enrollment of students with lower grades or
standardized test scores. But there are reasons to worry that access is not equitable,
including barriers related to transportation, awareness of application processes, and
language accessibility of communications with parents and caregivers.

27

28

29

How can school districts ensure that expanded services reach the students who need
them most? 

Which modes of enrichment work best to address unfinished learning? 
At E4, we are eager to learn more about the impacts of high-dosage tutoring and whether
certain domains of math learning have promising impacts on overall progress. 
 
What are the bright spots from summer learning programming? 
Can they be replicated in other states or districts? 
 
Why do you think I see different trends in reading and math? 
 
Are summer losses in math larger in particular subdomains (e.g., algebra or word
problems)? 
Are there certain types of questions that students answered correctly in the spring but
struggled with in the fall? 
 
Are there other aspects of summer learning E4 should consider? 

Get in touch at e4center@northwestern.edu and on Twitter at @E4Center_NU. 

Let us know

https://www.future-ed.org/progress-in-spending-federal-k-12-covid-aid-state-by-state/
mailto:e4center@northwestern.edu
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