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Abstract

The COVID-19 pandemic has had lasting impacts on the world. The impacts range from
economic to educational and personal. There has been a large focus on the educational impact
that students have experienced due to the pandemic. This impact stems from the lockdown
and school closures that occurred during the pandemic, which resulted in students in the US
losing three to four months of in-person traditional instruction. Unfortunately, many studies
around academic losses due to the COVID-19 lockdown have been focused on primary
school level students, meaning that little has been published about the lockdowns’ impact on
secondary level students. The author sought an answer to the question, has student
performance overall been statistically impacted at the secondary level of education due to the
COVID-19 pandemic and lockdown? The answer was determined through box plot analyses
of 2017-2022 SAT datasets which showed that there was some negative impact to student
performance overall from the COVID-19 lockdown that had resulted in students losing three
to four months of in-person instruction, even with other forms of instruction being offered
where available. However, the drop in performance was reassuringly not found statistically
significant as determined by a Z-Test that was performed on the overall country average
performance values.

Keywords: Student evaluation, School evaluation, COVID-19 academic impact, SAT
performance

1. Introduction

The COVID-19 pandemic has had lasting impacts on the world. The impacts range from
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economics to educational and personal. There has been a large focus on the educational
impacts that students have experienced due to the pandemic. These impacts stem from the
lockdown and school closures that occurred during the pandemic, which resulted in students,
in the United States (US), losing three to four months of in-person traditional instruction,
although other forms of instructional time were made available, when possible, to all students
during this time.

The first school closure in the US took place on March 15, 2020, occurring to the Center for
Disease Control (“Timeline”, 2023); and all schools in the US were allowed to reopen for
in-person traditional instruction in the following August, which was the start of the next
academic year (Espafia et al., 2021). Nearly four years later, several studies have been
conducted, and academic losses are still in the headlines of major news outlets. A recent
headline from US Today stated that “Education in US and around the world suffered historic
setbacks due to COVID-19 pandemic (Binkley, 2023)”; and Education Weekly has stated that
“students aren’t rebounding from the academic effects of the pandemic (Schwartz, 2023)”.
These headlines are complemented by the studies that have been conducted on this topic. One
study by Giorgio Pietroa (2023), demonstrated that the losses experienced by students
academically from the COVID-19 pandemic are comparable to that of any natural disaster.
However, students have not recovered academically within the following academic year
(Pietroa, 2023). These academic losses were also not localized to any one specific group, or
area within the US, as demonstrated by Havard’s Graduate School of Education with their
recent 2023 study that investigated the effects that the pandemic had had on student learning.
That 2023 study demonstrated that, in any standard school district, the documented academic
losses, as assessed by test scores, were evident in all students, regardless of socio-economic
status and race/ethnicity (“New”, 2023).

Unfortunately, many of the studies around academic losses due to the COVID-19 lockdown
have been focused on primary school level students, meaning that little is known about the
lockdowns’ impact on secondary school level students. The key question is, was student
performance overall statistically impacted at the secondary level of education due to the
COVID-19 pandemic and lockdown?

2. Method

This descriptive quantitative study followed a logical approach to the type of student
performance data and sample population that was selected. The logical approach was broken
into two sequential steps. The first step was to determine what types of student performance
assessments are used at secondary level schools and to select an appropriate testing type for
this study. Based upon the selected type of testing, the second step was to identify the sample
population for the study. The sample population was chosen to be the students that potentially
were the most impacted by the COVID-19 lockdown, namely freshmen.

2.1 Student Performance Assessment

The tool used to understand a student’s growth and ability to perform at any given level is
assessment. An assessment can be either standardized or non-standardized. A standardized

2 http://jei.macrothink.org



ISSN 2377-2263

\ M acrothink Journal of Educational Issues
A Institute ™ 2025, Vol. 11, No. 2

assessment is an assessment that requires all participants to answer the questions from a
common bank of questions (“Standardized”, 2015). The questions that are included in the
bank are constructed in a manner that allows for the assessment to be scored in a consistent
manner (“Standardized”, 2015). This method of scoring makes it possible to compare the
relative performance of different students, and groups, for the purpose of assessing the
overall performance based upon an accepted benchmark and against peers (“Standardized”,
2015).

The two most common standardized assessments that are used in the US to gauge the overall
performance of high school students are the SAT and the ACT. The SAT, and the ACT, are
both exams that are used by the majority of colleges and universities in the United States to
determine if a student is a suitable candidate for enrollment (“ACT”, 2024; “SAT”, 2024).
Colleges and universities use the SAT, or the ACT, scores when making enrollment decisions
because the score that a student receives on either the SAT, or the ACT, is meant to be a
measure of that student’s readiness for college. Additionally, an SAT, or ACT, score provides
the college or university with a common data point for all students, allowing for more
informed comparisons to be made of all applicants (“ACT”, 2024; “SAT”, 2024).

2.2 Why Standardized Was Selected

The non-standardized assessment style that was considered for this study was that of student
portfolios. Student portfolio assessment do not focus on a set of specific criteria, but on the
individual student (Sackstein, 2024). Student portfolios allow students to demonstrate their
growth in a multitude of content areas over a long span of time (Sackstein, 2024). Although
students are still required to attach a standard-based reflection about which aspect of the
course is demonstrated by each piece in the portfolio, what they have learned throughout the
process (Sackstein, 2024). Additionally, this method of performance assessment is not
common outside of primary school level students (Sackstein, 2024). This lack of common
usage in a student’s secondary level of schooling, makes this style of assessing student
performance unreliable and thus not selected for this study.

The standardized style of assessing was selected for this study, due to that style of assessment
being the most common type of assessment utilized by colleges to gauge student ability, with
over 80% of colleges requiring an SAT or ACT score (Churchill, 2024). When considering
which standardized test, whether the SAT or the ACT, that this study would utilize, student
participation numbers were the basis of choice. Through investigation, it was determined that
the majority of students take the SAT, instead of the ACT. [According to 2023 test-taking data,
1.9 million students took the SAT (“Which”, 2024), while only 1.39 million students took the
ACT in that same year (Arundel, 2023). Consequently, the SAT was chosen to be the
standardized test for usage within this study.

Additionally, the investigation also determined that the SAT questions are of a lower skill
level than those on the ACT (Montgomery, n.d.). The SAT English language Arts (ELA)
sections focus on close reading skills and argument analysis and mathematics sections focus
mainly on Algebra 1 level questions, with only a few upper-level questions in Geometry or
Trigonometry (Montgomery, n.d.). While the ACT ELA and mathematics sections cover a
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broader spectrum of content spanning multiply years of secondary level education
(Montgomery, n.d.). Making it harder to determine what the impact was on individual grade
level skills.

2.3 Sample Selection

Secondary freshman level students were selected for this study due to their class losing
in-person instructional time for the majority of the content that is covered within the SAT.
The SAT test has approximately 44 questions in the Mathematics section, and at least 50% of
those questions are Algebra 1 based (“Math”, 2024), which is the freshman level
Mathematics course. The other secondary level students (sophomore, junior, and senior) had
most likely already completed their Algebra 1 course, meaning that they had already acquired
the base knowledge needed to adequately perform on the SAT Mathematics section.

Collegeboard.com also states that the ELA portion of the SAT is split into 2 sections
(“Reading”, 2024). Each section consists of short reading passages combined with multiple
choice questions (“Reading”, 2024). The short reading passages range in varying lengths
from 25 and 150 words and across four different areas of interest in ELA (“Reading”, 2024).
These four areas of interest consist of literature, history or social studies, humanities, and
science (“Reading”, 2024), while the multiple-choice questions for the reading passages
focus on specific aspects of English writing: structure, information, standard conventions, and
expression of ideas (“Reading”, 2024). The level of difficulty of these questions was not
included in the description provided by collegeboard.com.

For this study, the assumption was made that the difficulty level for the ELA section is equal
to that of the Mathematics section. Meaning that the ELA readings and questions are at the
secondary freshman level. The other secondary level students (sophomore, junior, and senior)
had most likely already completed their freshman level ELA course, meaning that they had
already acquired the base knowledge needed to adequately perform on the SAT Reading &
Writing section.

2.4 Research Design

This study was a descriptive investigation into the COVID-19 lockdown impact on student
performance outcomes as measured by students’ SAT scores. The quantitative data that was
gathered was analyzed under the guidance of a single hypothesis.

H1: The COVID-19 lockdown had a significant negative impact on secondary level freshmen
student academic outcomes, as measured by their SATs.

The hypothesis was investigated, and evaluated, through the answering of four research
questions. Each research question explored a different avenue of student performance that is
measured by the SAT. The four research questions were as followed:

RQ1: Is SAT participation for the 2022 test dates significantly lower than for previous years.

RQ2: Is SAT overall performance for the 2022 test dates significantly lower than for previous
years.
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RQ3: Is SAT Mathematics performance for the 2022 test dates significantly lower than for
previous years.

RQ4: Is SAT English Language Arts performance for the 2022 test dates significantly lower
than for previous years.

2.5 Data Gathering

The SAT data for this investigation was gathered from National Center for Educational
Statistics (NCES) archives of collegeboard data for the 2017-2022 SATs. The variables
included in the dataset consisted of four values across each state, and the overall country, for
each year from 2017 till 2022. Each state, and the country, had a Mean and Standard
Deviation value for the Overall SAT score, the ELA portion, and the Mathematics portion.
Additionally, each state, and the country overall, had a percentage value associated with each
year. The percentage value indicated the percentage of the eligible student population that had
taken the SAT that year.

For this study all four available data points were utilized. To analyze SAT participation, the
total percent of the eligible student population that had taken the SAT at the state, and country,
level for all years was utilized. While analyzing performance, the study used the Mean scores
for both the ELA and Mathematics portions at the state, and country, level for all years. The
Standard Deviation values for the scores in the ELA and Mathematics sections were utilized
in a corroborating analysis of the data to ensure that the findings from the initial analyses
were of a significant value.

2.5.1 Data Limitations

The dataset from the NCES archives of collegeboard data for the 2017-2022 SATs utilized for
this study had two main limitations. The first limitation of this dataset was that the dataset did
not include any demographic information. Demographic information pertains to gender, race,
ethnicity, and socio-economic status. With demographic data not being present within the
dataset, it was not possible to perform any comparisons between subgroups. The second
limitation of this dataset was that the values within the dataset had already been averaged
across each state, equating the entire state to a single value. This averaging of values across a
state removed the ability to perform a comparative analysis between different areas within
each state. The different areas within a state could now, and potentially usefully, consist of
rural, sub-urban, and urban.

2.6 Data Analysis

This study conducted two types of statistical analyses. The first statistical analysis being a
box plot analysis and the second being a Z-Test. A boxplot analysis is used to summarize a set
of data into discrete sections (“Numeracy”, 2024). The discrete sections provide and illustrate
a shape of the overall distribution of data within the set. The shape of the distribution also
shows any outliers, or data points that exist outside of an accepted range of values within the
data set (“Numeracy”, 2024). Typically, the maximum, or minimum, values dictate what is
considered to be an outlier (“Numeracy”, 2024). In contrast, a Z-Test is used to determine if
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two population means are statistically different when the standard deviations of both
populations are known (Chen, 2024).

The box plot analysis was chosen for this study because this type of analysis can be used to
determine potentially significant values, i.e., outliers, thus only needing a minimal number of
data points, which fit the circumstances of the data that was gathered for this study. The
minimum amount of data points required for a box plot is five data points, which is exactly
the amount of data points that the NCES collegeboard dataset provides.

The Z-Test was selected to be performed in this study as an additional clarification check for
statistical significance of any outliers that were discovered by the boxplot analysis.
Additionally, the Z-Test can be performed with a minimal number of data points.

2.6.1 Box Plot

The SAT data was analyzed through a comparison between the 2022 SAT testing data and the
SAT testing data from the previous four years. The comparison of the testing data was used to
determine if the 2022 SAT testing data would be considered as outliers as determined by Box
plot analyses conducted utilizing Microsoft Excel. For a breakdown of the equation utilized
during the box plot analysis and the definitions of the variables included, please see Appendix
B.

2.6.2 Z-Test

A Z-Test analysis was performed to further determine if the findings from the box plot
analysis are statistically significant. However, due to the data points provided by the dataset
that was utilized, the Z-Test was only to be performed at overall country level. Since the state
level data would be a sample size of 1, due to the actual number of test takers in each state
not being noted in the dataset. This resulted in all individual state data not being able to be
used in a Z-Test. The Z-Test was conducted in Microsoft Excel. For a breakdown of the
equation utilized during the Z-Test analysis and the definitions of the variables included,
please see Appendix B.

3. Results

The results from all four research questions demonstrate clear evidence for the rejection of
the null hypothesis, that the COVID-19 lockdown had no significant negative impact on
secondary level freshmen student academic outcomes, as measured by the SAT, as negative
impacts were noted by statistical LB outliers in overall performance and the subject of
Mathematics. However, these drops in performance were not statistically significant when
viewed at the country level, as evident by the results of the Z-Test. Additionally, RQ1 was
excluded due to not being a performance outcome, but instead a relevant metric for
monitoring the impact of the COVID-19 lockdown.

3.1 SAT Participation

The results from the analysis for the RQ1 determined that there was no negative impact from
the COVID-19 lockdown on the average percent of the country’s population that participated
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in an SAT exam for 2022 testing dates, as shown in Table 1. However, RQ1 was eventually
excluded from this study due to not being an academic performance metric.

Table 1. Average SAT participation percentage for the US from 2017-2022

Test Year 2017 2018 2019 2020 2021 LB 2022

Avg SAT Participation 48 58 60 60 41 28.38 | 47

Although, when looking at each state individually, it was discovered that 25 out of the 50
states did have a negative impact for participation percentage for the 2022 SATs, as displayed
in Map 1. This is aligned with the other studies stating that negative academic impacts
occurred due to the COVID-19 lockdown. These negative impacts in participation were
determined through boxplot analysis of participation percentage by state. Any LB outliers
found during these analyses indicated a negative impact. The results from these boxplot
analyses can be found in Appendix A. Since RQ1 was excluded from the study, no further
investigation into the impacted states was conducted. Furthermore, a Z-Test would not have
been able to be conducted on any of the LB outliers that were discovered from the analyses of
each state individually, due to the sample size for each state, n = 1, being below the
recommended sample size, n > 30.

' Frawered oy BIng

& GeoMames, Microsalt, TomTam

Map 1. Drops in 2022 SAT participation

Note. States are shaded using a gradient, the dark shaded states were discovered to have
experienced more negative impacts.
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3.2 SAT Overall Performance

RQ2 had a potential significant result noted by the average overall score for the SAT test
dates in 2022 for the US being a statistical outlier, when compared to the boxplot of the
2017-2021 SAT dataset. The LB threshold for the 2017-2021 overall SAT performance was
1057.5, while the 2022 value for overall SAT performance was 1050, as shown by Table 2,
demonstrating that the 2022 SAT participants were academically negatively impacted by the
COVID-19 lockdown.

Table 2. Average mean overall SAT score for the US from 2017-2022

Testing Year 2017 2018 2019 2020 2021 LB 2022

Avg Mean Score 1060 1068 1059 1051 1060 1057.5 | 1050

The result from the Z-Test was used to determine if the discovered statistical outlier from the
RQ2 boxplot was statistically significant. After inputting all necessary data points into
Equation 2, the resulting Z-Test value was, Z = -0.31, while the Z-Score value for the sample
population was z = 0.04. The comparison of the Z-Test and Z-Score values indicated that the
Z-Test value is less than the Z-Score value, which determined that the drop in the overall
average SAT performance for 2022 was not statistically significant.

Overall, the results from RQ2 are in alignment with the findings from D. Doz and E. Doz
(2023); which stated that at the secondary level, students should perform relatively similar to
their pre-lockdown performance levels post lockdown, due to the students not being exposed
to additional academic stressors (D. Doz & E. Doz, 2023).

3.3 SAT Mathematics Performance

RQ3 had a potentially significant result, as noted by the average Mathematics score for the SAT
test dates in 2022 for the US being a statistical outlier, when compared to the boxplot of the
2017-2021 SAT dataset, as depicted in Table 3. The LB threshold for the 2017-2021
Mathematics section score was 525, while the 2022 Mathematics section score was 521. This
outlier value demonstrated that the 2022 test takers were potentially significantly negatively
impacted academically in the content area of Mathematics by the COVID-19 lockdown.

The noted drop in performance that was discovered by RQ3 aligns with the results from Egara
et al. (2023), which stated that student performance was found to be poor, meaning lower than
expected, in math after the lockdown. Additionally, the results from RQ3 aligned with
Gasteiger et al. (2023)’s findings. However, a true comparison between the RQ3 results and the
results from Gasteiger et al. (2023) could not be made due to the students in Gasteiger et al.
(2023)’s study not being at the secondary level of education. Also, the results from RQ3 were
in contradiction to D. Doz and E. Doz (2023) that stated that student performance should
remain relative stable from pre- to post-lockdown in secondary students.
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Table 3. Average mean math score for the SAT in the US from 2017-2022

Testing Year 2017 2018 2019 2020 2021 LB 2022

Avg Mean Math Score 527 531 528 523 528 525.5 | 521

Additionally, a Z-Test could not be used to determine if the discovered statistical outlier from
the RQ3 boxplot was statistically significant. This is due to the sample size being below the

recommended minimum value, # = 3{. Limiting the results for RQ3 to be anecdotal. With the

results from RQ3 not being able to be statistically verified, the noted drop in performance may
not be statistically significant and actually in alignment with D. Doz and E. Doz (2023) after
all.

3.4 SAT English Performance

RQ4 did not have any potentially significant result, as noted by the average Reading &
Writing score for the SAT test dates in 2022 for the US, when compared to the boxplot of the
2017-2021 SAT Reading & Writing sections, as depicted in Table 4. The LB threshold for the
2017-2021 Reading & Writing sections was 528, while the 2022 value for the Reading &
Writing sections was 529. Demonstrating that the 2022 test takers were not negatively
impacted in the content area of ELA by the COVID-19 lockdown. With no LB outlier being
determined by the boxplot analysis used for RQ4, it was unnecessary to attempt a Z-Test.
Additionally, the results from RQ4 contradict the findings from Egara et al. (2023), since the
ELA performance on the 2022 SAT’s was not lower than expected. Which aligns with D. Doz
and E. Doz (2023), who stated that student performance should remain relative stable from
pre- to post-lockdown in secondary students.

Table 4. Average mean reading & writing score for the SAT in the US from 2017-2022

Testing Year 2017 2018 2019 2020 2021 LB 2022

Avg Mean Math Score 533 536 531 528 533 528 529

4. Further Analyses

After the initial Box Plot analyses were performed and potentially significant results were
obtained, more detailed analyses were performed to gain a better understanding of the
academic impact overall. When looking at each state’s performance on the 2022 SAT overall,
it was determined that 11 out of the 50 states had lower overall average scores in 2022 when
compared to the 2017-2021 SAT data. When Mathematics performance was explored for each
state, it was discovered that 6 out of the 50 states had lower overall Mathematics average
scores in 2022 when compared to the 2017-2021 SAT data. ELA performance was also
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explored for each state, and it was discovered that 7 out of the 50 states had lower overall
Reading & Writing average scores in 2022 when compared to the 2017-2021 SAT data. When
all four categories (participation, overall score, Mathematics score, Reading & Writing score)
were compared by state, the results displayed that 2 out of the 50 states had negative impacts
in two of the four categories, 5 out of the 50 states had negative impacts in three of the four
categories, and 1 out of the 50 states had a negative impact in all four categories.

5. Conclusion

Academic losses due to the school closures in 2020 caused by COVID-19 have had negative
impacts on academic performance overall for High School freshman at that time according to
the SAT results. These negative impacts are not localized to any one region across the US, as
shown in Map 2. These widespread negative impacts corroborate the findings from Harvard
school of graduate studies, which revealed that students were most academically impacted
based upon where they lived (“New”, 2023). Unfortunately, no explanation was included in
the Harvard study as to why certain states were not impacted at all by the COVID-19
lockdown or why certain states were impacted more than their neighboring states (“New”,
2023).

Based upon the findings noted by this study, more investigation into the academic impacts
from the COVID-19 lockdown is warranted. The educational system would benefit from a
more targeted investigation into the states that had any negative academic impacts, especially
if a state had negative impacts in multiple categories. The purpose behind these suggested
targeted investigations would be to gain a better understanding as to what may be influencing
these noted declines in performance in the state when compared to the neighboring states.

Additionally, to ascertain if the noted negative impacts have created a trend across the other
lower grade levels, this comparison of pre- and post-pandemic lockdowns SAT scores should
be completed each year over the next eight years. The timespan of eight years was selected
because it will allow for the remaining school age students that were enrolled in a primary
level school during the COVID-19 lockdown to reach the age as to when they are eligible to
take the SAT.
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Map 2. Number of categories with negative impacts pre state

Note. The states shaded blue had a negative academic impact when compared to previous
years data. States are shaded using a gradient, the darker the state is shaded the more negative
impacts that were discovered.

6. Discussion

Being that the negative impact to academic performance is well-documented in this and other
studies (D. Doz & E. Doz, 2023; Egara et al., 2023; Gasteiger et al., 2023), it would be a
good recommendation for school districts across the country to ensure that their Multi-Tiered
System of Support (MTSS) intervention programs are being utilized within all of their school
because that program has been shown to be beneficial to student success (“I-MTSS”, 2023).
This recommendation is in conjunction with the recommendation that was made by (Egara
et.al., 2023). Oddly enough, the recommendation for introducing an academic intervention
program is contrary to the current body of research that states that academic interventions are
largely ineffective for students (Cassibba, 2022). Even so, it is better to do something, rather
than nothing, especially if the potential for negative effects on the students is low.

The MTSS program in each school and school district should build their remediation plans
upon Reading and Mathematics benchmarks that are conducted throughout the year. This
would ensure that any academic deficits are addressed to increase the potential for all affected
students to increase their overall academic performance. A second recommendation ,in
conjunction with the first, would be for local and federal government officials in, and out of,
the Department of Education to create academic plans/policies that would ensure, and
increase, student engagement in school. As well as creating national academic plans/policies
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that would focus on increasing student interest in Reading and Mathematics. Ensuring student
academic growth in both ELA and mathematics, along with allowing for an effective
implementation of an MTSS program in all schools.
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Appendix B
Equations and Variables
(1) Box Plot

The 2022 SAT testing data points would be considered as Lower Bound (LB) outliers, if the
data points were below the 2017-2021 LB Threshold, as determined by Equation 1,

LB = QI - (1.5 x IOR) (1)

The term Q1, or Quartile 1, refers to the median value of the first half of a data set. The term
IQR, or Inter Quartile Range, refers to the difference between the median values of the first
and second halves of the data set. While the LB is the threshold that determines if a value is
potentially statistically significantly different from the other values in the data set. These
values are referred to as outliers.

(2) Z-Test

The Z-Test were performed utilizing Equation 2, displayed below (“Numeracy”, 2024).

7=t @)

Vn

This equation states that the Z-Test value (Z), is equal to the difference of the sample mean,
the 2022 Average SAT Score for the country, (X) and the population mean, the average of the
2017-2021 SAT Scores for the country, (i). That difference is then divided by the quotient
between standard deviation of the sample, the standard deviation of the 2022 Overall SAT
average score for the country, (o), and the square root of the sample size, (n). The sample size,
(n), that was entered into Equation 2 was 50. The value of n = 50 was selected due to the
sample and population means being averaged across all 50 states. Again, the Z-Test was not
able to be performed on any state level data due to the sample size, n = 1, being too small.
The recommended sample size for a Z-Test is n > 30 (“Numeracy”, 2024). The resulting
Z-Test value is interpreted using the following conditional statement: If the Z-Test value is
greater than the Z-Score value, then the Z-Test Value indicates a significant result.
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