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Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

Abstract
Using Coarsened Exact Matching (CEM), this analysis examined the impact of Zearn Math for students
in grades 4-8 in Tennessee. Students who completed 3+ Zearn Math lessons per week during the
2021-2022 and/or 2022-2023 school year were compared to similarly matched peers with no usage.
Findings showed that, on average, students who used Zearn Math grew an additional 7.2 scale score
points on the Tennessee Comprehensive Assessment Program (TCAP) compared to non-users.
Students who started “Below Expectations” and used Zearn Math grew an additional 13.8 scale score
points compared to non-users. Zearn Math users also improved their Performance Level at higher rates
and had a higher percentage of students meeting proficiency on the post TCAP. While students who
completed 3 lessons per month, 1-2 lessons per week, and 2-3 lessons per week had higher growth
than non-users, students demonstrated strongest gains when averaging 3+ lessons per week.
Additionally, students who used Zearn Math in 2021-2022 retained additional growth a year a�er they
discontinued use.
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Introduction
Zearn is the 501(c)(3) nonprofit educational organization behind Zearn Math, a top-rated math
learning platform used by 1 in 4 elementary-school students and bymore than 1million middle-school
students nationwide. This report summarizes findings from an efficacy analysis of Zearn Math
implemented in Tennessee. The goal of this study was to isolate the impact of Zearn Math on student
achievement through quasi-experimental matching methods that facilitate causal inference.

This efficacy analysis was conducted in Tennessee, a state with 967,356 students across grades K-12.
The student body is 30% economically disadvantaged, 13% students with disabilities, 8% English
learners (ELs), 20% chronically out of school, 24% Black, and 13% Hispanic (Tennessee Department of
Education, 2022).

Analyses assessed the impact of Zearn Math usage during the 2021-2022 and 2022-2023 school years.
In grades 4-8, there were 1,485 consistent Zearn Math users, those who completed 3+ lessons per week
or approximately 90+ lessons per year, who could bematched to assessment data from the 2021-2022
and/or 2022-2023 school years (see Appendix A Table A1 for fidelity usage by year).1

This study was designed to meet the rigorous standards set by the What Works Clearinghouse (WWC)
and qualify as an Every Student Succeeds Act (ESSA) evidence-based intervention. The study uses
quasi-experimental matching methods to create baseline equivalency between treatment and control
groups alongmajor confounding factors (see Appendix B for more information).

Zearn Usage in Tennessee
Zearn Math launched for some districts in the 2021-22 school year, with additional districts beginning
usage in the 2022-2023 school year. In the 2021-2022 school year, the platform engaged approximately
85,000 Tennessee students, and by the 2022-2023 school year, participation nearly doubled.

In 2022-2023, 147,000 K-8 students in 147 districts across all 8 CORE regions engaged with Zearn,
representing more than 20% of Tennessee K-8 students. Districts used the platform flexibly across
various learning contexts including tutoring, intervention, summer programs, and before/a�er school.

1 Tennessee only used Zearn Math with fidelity in grades 7 and 8 during the 2022-2023 school year. School year
2021-2022 only included students in grades 4-6.
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Methodology
This paper contains three analyses of the impact of Zearn Math on studentsʼ academic growth. The
first analysis is a dose-response analysis that examines the impact of Zearn Math usage at 4
thresholds: 3 lessons per month (as recommended by TN ALL Corps), 1-2 lessons per week, 2-3 lessons
per week, and 3+ lessons per week (Zearn recommended) on studentsʼ academic growth as measured
by changes in scale score on the TCAP between pre-scores from spring of the year prior to use and
post-scores at the end of the year of Zearn Math usage.

The second analysis examines the impact of consistent Zearn Math usage (defined as the
recommended 3+ lessons per week), disaggregated by demographic and academic subgroups and
measured by additional growthmetrics including changes in Performance Level and changes in
percent proficient.

The final analysis is on long-term retention of academic gains for consistent Zearn Math users which
looks at the extent to which consistent Zearn Math users from 2021-2022 retained additional learnings
through 2022-2023 despite discontinuing Zearn Math usage.

All analyses in this study used quasi-experimental matching techniques to isolate the impact of Zearn
Math on student achievement. Consistent Zearn Math users were matched to non-users2 on starting
math and English Language Arts (ELA) Tennessee Comprehensive Assessment Program (TCAP) scores,
along with nine student characteristics. The goal of matching was to create 1:1 pairings between
similar students, differing primarily on Zearn Math usage during the 2021-2022 and/or 2022-2023
school years. The outcome under investigation was the average treatment effect on the treated as
controls were selected to match individuals in the treatment group.

In order to see maximum benefit from Zearn Math, students are advised to complete three or more
digital lessons per week during the school year. Therefore, the treatment groups for the one-year
impact analysis and the long-term retention analysis were composed of students who consistently
used Zearn Math during the 2021-2022 and/or 2022-2023 school years, operationalized as an average
of three or more digital lessons per week; 90 or more digital lessons per year. The control group was
selected from other students in Tennessee with no Zearn Math usage, operationalized as completing 0

2 Non-users are those who completed 0 lessons and have accounts on Zearn Math, with the exception of the long-
term retention analysis in which non-users are defined as those completing fewer than one lesson per week (i.e.,
fewer than 30 lessons per year).
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lessons per year.3

Drawing causal inference from observational data is challenging because factors that impact a
personʼs likelihood to receive an intervention may also impact their outcomes. Therefore the
differences in outcomes observed between individuals may not be caused by the intervention itself,
but by other confounding factors that imbalance the treatment and control groups (Stuart, 2008; Iacus
et al., 2011).

Matching methods were used to balance the composition of confounding factors between individuals
who consistently used Zearn Math (the treatment group) and a comparison group of individuals who
had no Zearn Math usage (the control group). This is done to isolate the difference in outcomes from
the intervention itself, separate from any impact due to potential confounding factors.

This efficacy analysis used a two-step Coarsened Exact Matching (CEM) method with optimal matching
to create a control group that was as similar as possible to the treatment group of consistent Zearn
Math users. CEM is a technique that simulates block sampling by matching students on covariates,
demographic and academic factors that may be related both to a studentʼs likelihood of using Zearn
Math consistently and their academic performance (Blackwell et al., 2009; Iacus et al., 2011). The
effectiveness of matching is conditional on the ability of observable factors to capture the selection
process that sorted individuals into treatment and control. Models that do not capture major factors
may produce biased estimates.4

Using CEM, treatment students were put into matching strata with control students that were in the
same academic year,5 same grade, and within 5 scale score points on both the math and ELA pre

5 All treatment students in the long-term retention analysis, used Zearn Math with fidelity during the 2021-2022
school year and discontinued usage during the 2022-2023 school year.

4 This potential for bias does not exclude a study frommeeting WWCʼs Group Design Standards with Reservations
as long as baseline equivalency can be established. According to WWC: “In QED studies, confounding is almost
always a potential issue due to the selection of a sample, because some unobserved factors may have
contributed to the outcome. The WWC accounts for this issue by not allowing a QED study to receive the highest
rating” (What Works Clearinghouse, 2020).

3 This definition of treatment and control does not use an intention-to-treat (ITT) framework that would include
in the treatment all students that had been offered Zearn Math (McCoy, 2017). While the ITT approach is the most
efficacious for identifying the impact of a program under real-world implementation constraints, the goal for this
study was to understand the impact of fidelity usage in the hopes of increasing fidelity usage of the platform
across schools. This efficacy analysis examines the impact of Zearn Math, implemented with fidelity, vs. no
usage. The implications of Zearnʼs approach are discussed further in the limitations section.

© Zearn 2022 9 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

TCAP.6 Then, within strata, treatment students were matched to control students with whom they
shared at least six of nine other demographic and academic characteristics: district, school, gender,
race, economic disadvantage, English learner status, special education status, gi�ed status, and
chronically out of school status.7

This optimal matching method utilized Bertsekasʼ auction algorithm to produce combinatorial
optimization such that treatment individuals were matched to others closest to them in the control
pool and, when controls were the best-fit match for more than one treatment individual, the pairing
went to the individual fromwhom the next best pairing was the farthest (Bertsekas, 1981; Rosenbaum,
2020).8

If a treatment student had nomatch within their academic year,9 grade, and score strata with whom
they shared at least six characteristics, they were excluded from the analysis. The caliper that limited
match difference to nomore than three characteristics was selected to maximize inclusion in the
sample, prevent biasing through uneven patterns of exclusion and still ensure similarity between
groups.

For more information on Zearnʼs methodological approach, see Efficacy Analysis Methodology:
Zearnʼs approach to Coarsened Exact Matching.

Difference of Means
Once consistent Zearn Math users were matched to a similar group of non-users, a difference of means
analysis was conducted to quantify the impact of Zearn Math on student achievement. Means were
calculated for treatment and control groups overall as well as for groups disaggregated by starting

9 Academic year does not apply for long-term analysis. See footnote 5 for further explanation.

8 In other words, if Control Student A was the best match for Treatment Student 1 and Treatment Student 2,
sharing 6 out of 9 characteristics with each, Control Student A could still only be matched with either Treatment
Student 1 or Treatment Student 2. If the next best match for Treatment Student 1, Control Student B, shared 4
characteristics, and the next best match for Treatment Student 2, Control Student C, shared 5 characteristics,
then Treatment Student 1 would bematched with Control A and Treatment Student 2 would bematched with
Control C. In this way, the algorithm of optimal matching balances the closeness of any individual match with its
impact on the closeness of the overall groupmatch.

7 Chronically out of school is defined by Tennessee as missing 10% or more school days (Tennessee Department
of Education, 2022a).

6 For the CEM one-year analysis and dose response analysis, the 2021-2022 school year pre scores are from the
spring ʻ21 TCAP; the 2022-2023 school year pre scores are from the spring ʻ22 TCAP. For the long-term analysis, all
pre scores are from the spring ʻ21 TCAP.
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math Performance Level and demographic subgroup.10 Because pairs of consistent Zearn Math users
and non-users were allowed to mismatch on up to three demographic characteristics, subgroups did
not always align on starting scale scores. Therefore, differences in achievement by demographic
subgroup were reported as difference-in-difference, rather than as raw scores.

Academic growth was measured as the change in math scores between the pre and post TCAP
administrations.11 The TCAP has four Performance Levels: Below Expectations (1), Approaching
Expectations (2), Met Expectations (3), and Exceeded Expectations (4). Students scoring at “Met
Expectations” or “Exceeded Expectations” are considered proficient (Tennessee Department of
Education, 2023). Outcomes are reported in terms of change in scale score, change in Performance
Level, percent of students reaching proficiency on the post TCAP, and change in this percent between
pre and post assessment administrations.

Difference in means t-tests were run on the average academic growth of the treatment group vs. the
average academic growth of the control group to determine if the impact of Zearn Math was
statistically significant. Given SD=standard deviations and n=number of observations per group, t-tests
were conducted as:

𝑡 =
𝑚𝑒𝑎𝑛

𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
−𝑚𝑒𝑎𝑛

𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑆𝐷
𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
2

𝑛
𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

+
𝑆𝐷

𝑐𝑜𝑛𝑡𝑟𝑜𝑙
2

𝑛
𝑐𝑜𝑛𝑡𝑟𝑜𝑙

Effect size was calculated with Cohenʼs dwhich divides the difference in means between treatment and
control by the pooled standard deviations:

𝐶𝑜ℎ𝑒𝑛'𝑠 𝑑 =
𝑚𝑒𝑎𝑛

𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
−𝑚𝑒𝑎𝑛

𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑝𝑜𝑜𝑙𝑒𝑑 𝑆𝐷

11 For the CEM one-year analysis and dose response analysis, the 2021-2022 school year pre scores are from the
spring ʻ21 TCAP and post scores are from the spring ʻ22 TCAP; the 2022-2023 school year pre scores are from the
spring ʻ22 TCAP and post scores are from the the spring ʻ23 TCAP. For the long-term analysis, all pre scores are
from the spring ʻ21 TCAP and post scores are from the spring ʻ23 TCAP.

10 For the CEM one-year analysis, results disaggregated for 2021-2022 and 2022-2023 are located in Appendix A
Tables A14, A15, A17, A18, A20, A21 and A24-A27.
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CEM Dose-Response Analysis
This analysis examines the impact of Zearn Math when used at four lesson completion thresholds: 3+
lessons per month yet less than one lesson per week (i.e., 25-29 lessons per year, the TN ALL Corps
recommendation), 1-2 lessons per week (i.e., 30-59 lessons per year), 2-3 lessons per week (i.e., 60-89
lessons per year), and 3+ lessons per week (i.e., 90+ lessons per year, Zearnʼs recommended usage).
Using CEM, students in each threshold were matched to a control group of students who completed
zero lessons but had Zearn accounts. Matching between treatment and control students was done
separately for each treatment threshold, but the same demographic and score calipers were used to
limit the distance betweenmatches.

Findings represent the average difference in achievement between students using at each threshold
and their matched pair from the control pool of students. There are notable implications of separately
matching each threshold to a control group of students. First, the dosage thresholds generally do not
have identical control groups. Rather the control groups represent the best match for students at that
usage threshold. This accommodates situations in which the demographic and starting proficiencies
differ between groups thereby maintaining the quasi-experimental robustness that is derived from
comparing similar treatment and control students.

In addition, conducting separate rounds of matching means the same student may appear as a control
for students in more than one threshold if that student is the best match for students in both groups.
While matching treatment-to-control within a defined treatment benchmark is done without
replacement, matching is done to the same pool of controls so this duplication may occur. In other
words, findings represent the outcomes of four separate quasi-experiments in which matching criteria
are standardized across all four.

As noted in the “Methodology” section, using CEM, treatment students were put into matching strata
with control students that were in the same academic year, same grade, and within 5 scale score
points on both the math and ELA pre TCAP. Then, within strata, treatment students were matched to
control students with whom they shared at least six of nine other demographic and academic
characteristics: district, school, gender, race, economic disadvantage, English learner status, special
education status, gi�ed status, and chronically out of school status. This matching criterion was used
for all analyses in this paper (see Appendix A Table A2 for details on the matched samples used for
analysis and Tables A3-A5 and A9-A11 for sample breakdown).

Scale Score Growth
Across all usage thresholds, Zearn Math users gainedmore scale score points thanmatched non-users
between the pre- and post-TCAP administrations. Consistent Zearn Math users, those who completed
the recommended 3+ lessons per week, saw the largest gains relative to non-users. This group of
students gained 7.2 additional scale score points on the TCAP, more than two-times the additional
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gains of students who completed 2-3 lessons per week, an exponential increase (see Appendix A
Tables A8 and A22 for findings from the difference in means analysis and Results Table 1).

RESULTS TABLE 1_

Growth by Zearn Math Dosage
Scale score gains for consistent Zearn Math users (Treatment) vs. non-users (Control), by Zearn
Math dosage

Zearn Users Non-Users Difference

3 lessons per month (TN ALL Corps recommended) 3.4 1.6 1.8

1-2 lessons per week 3.9 1.5 2.4

2-3 lessons per week 3.6 0.5 3.1

3+ lessons per week (Zearn recommended) 6.7 -0.5 7.2

CEMOne-Year Impact Analysis
The next analysis examines in more depth the impact of Zearn Math for consistent users. Results are
disaggregated by starting Performance Level and demographic and academic subgroups. Impact is

also explored as changes in percent proficient in addition to changes in scale score points. Although
there were slight differences in starting scores among some demographic subgroups, all groups met
baseline equivalency to be included in this analysis (see Appendix A Tables A9-A11 for sample
breakdown and Table A12 for a comparison between sample and state demographics).12 13

Scale Score Growth
Across all students and each starting Performance Level, consistent Zearn Math users gainedmore
scale score points thanmatched non-users between the pre and post TCAP administrations. On
average, consistent Zearn Math users gained 6.7 scale score points, while matched non-users lost 0.5
of a scale score point, a difference of 7.2 points (effect size = .23; see Appendix A Table A22 for findings

13 The sample population of fidelity users differs from the state population, having a proportionally smaller
population of students from disadvantaged backgrounds. The implications of this difference are discussed in the
limitations section.

12 Subgroups of female, male, Black and/or Hispanic, and economically disadvantaged had baseline differences <
.05 of a standard deviation, which satisfies baseline equivalence without adjustment, according to WWC. All
other subgroups had baseline differences < .25 of a standard deviation, satisfying baseline equivalency with a
difference-in-difference adjustment (2022). Subgroup analyses were not conducted for English learners due to
the subgroup having less than 10 students (see Appendix A Table A13 for full details on baseline equivalence).
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from the difference in means analysis and Results Table 2). Gains were highest among consistent Zearn
Math users who started the year “Below Expectations.” These students gained 21.3 scale score points,
while non-users who started the year “Below Expectations” gained 7.5 points, a difference of 13.8
points (effect size = .42; see Appendix A Table A22 for findings from the difference in means analysis
and Results Table 2).

RESULTS TABLE 2_

Growth Across TCAP Performance Levels
Scale score gains for consistent Zearn Math users (Treatment) vs. non-users (Control), by starting
Performance Level

Consistent Users Non-Users Difference

All Students 6.7 -0.5 7.2

Below Expectations 21.3 7.5 13.8

Approaching Expectations 10.3 1.0 9.3

Met and Exceeded Expectations 1.1 -3.3 4.4

NOTE: Summary report presentation of this data may vary slightly from the detailed chart above due to rounding for
visual simplification.

Across all subgroups, consistent Zearn Math users gained scale score points between the pre and post
assessment administrations, while non-users lost points. Differences were even larger across
traditionally disadvantaged subgroups of students including Black and/or Hispanic students,
economically disadvantaged students, students with disabilities, and students chronically out of
school. Notably, students with disabilities with consistent Zearn Math usage grew the most, gaining
11.6 scale score points, while matched non-users lost 4.6 points, a difference of 16.3 points (effect size
= .52; see Appendix A Table A23 for findings from the difference in means analysis and Results Table 3).
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RESULTS TABLE 3_

Growth Across Subgroups
Scale score gains for consistent Zearn Math users vs. non-users, by subgroup

Consistent Users Non-Users Difference

All Students 6.7 -0.5 7.2

Male 7.1 -0.7 7.8

Female 6.4 -0.3 6.7

Black and/or Hispanic 9.3 -3.1 12.4

Economically disadvantaged 6.8 -2.2 9.0

Students with disabilities 11.6 -4.6 16.3

Gi�ed ** ** **

Chronically out of school 5.2 -5.7 10.8

NOTE: Summary report presentation of this data may vary slightly from the detailed chart above due to rounding for
visual simplification.
**Excluded due to lack of statistical significance. Full results are available in Appendix A Table A23.

Performance Level Mobility
Mobility models compared the change in Performance Level for treatment and control students based
on their starting Performance Level. Across all Performance Levels, consistent Zearn Math users
maintained or increased their Performance Levels at higher rates than non-users. Notably, among
consistent Zearn Math users who started at the “Below Expectations” level, 64% improved their
Performance Level, compared to only 43% of non-users. Similarly, among consistent Zearn Math users
who started at the “Approaching Expectations” level, 44% improved their Performance Level,
compared to only 30% of non-users (see Results Table 4).

© Zearn 2022 15 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

RESULTS TABLE 4_

Change in TCAP Performance Level
Post TCAP Performance Level change relative to starting TCAP Performance Level

Starting TCAP Performance Level Zearn usage Decrease Maintain Increase

Below Expectations
Consistent Users 0% 36% 64%

Non-Users 0% 57% 43%

Approaching Expectations
Consistent Users 6% 49% 44%

Non-Users 14% 56% 30%

Met and Exceeded Expectations*
Consistent Users 25% 75% 0%

Non-Users 29% 71% 0%

*Of the students starting at "Met Expectations", 22% of Zearn Math users moved up to "Exceeded Expectations" compared to
18% of non-users.

Across all students and each subgroup, consistent Zearn Math met proficiency (“Met Expectations” and
“Exceeded Expectations”) on the post TCAP at higher rates than non-users, despite having the same
starting proficiency rates. Across all students, 63.9% of Zearn Math users met proficiency, compared to
55.7% of non-users, a difference of 8.1%. Differences were evenmore pronounced for traditionally
disadvantaged subgroups of Black and/or Hispanic students and economically disadvantaged
students, with consistent Zearn Math users reaching proficiency at 1.2-1.4x the rate of non-users (see
Results Table 5).14 Further details are located in Appendix A Table A19.

14 The percentages displayed in Results Table 5 reflect the mean-adjusted post values. First, an adjusted spring
baseline mean was calculated as the average percent of Zearn Math users and non-users starting at proficiency
(“Met Expectations” or “Exceeded Expectations”). Then the actual percentage-point change in those reaching
proficiency between pre and post was added to the adjusted baseline mean to obtain the adjusted post
percentages for treatment and control students. This corrected for subgroups that met baseline equivalence but
did not have identical starting percentages of proficiency, so that outcomes could be compared accurately (see
Appendix A Table A19 for the unadjusted and adjusted pre and post values and further details).
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RESULTS TABLE 5_

Proficiency Rate Across Subgroups
Percent of students reaching proficiency on the post TCAP for consistent Zearn Math users vs. non-users,
by subgroup*

Consistent Users Non-Users Difference Relative Likelihood

All Students 63.9% 55.7% 8.1% 1.15

Male 65.9% 56.9% 9.0% 1.16

Female 61.7% 54.5% 7.2% 1.13

Black and/or Hispanic 53.4% 37.9% 15.6% 1.41

Economically disadvantaged 49.0% 40.5% 8.5% 1.21

Students with disabilities ** ** ** **

Gi�ed ** ** ** **

Chronically out of school ** ** ** **

*The values displayed reflect the adjusted percentages (see footnote 14 for a description of this calculation).
**Excluded due to lack of statistical significance for change in the percent reaching proficiency. Full results are available in
Appendix A Table A23.
NOTE: Summary report presentation of this data may vary slightly from the detailed chart above due to rounding for visual
simplification.

Across all students and each subgroup, consistent Zearn Math users had larger gains in the percent of
reaching proficiency between the pre and post TCAP administrations than non-users. On average,
consistent Zearn Math users saw an 11.8 percentage point increase, while non-users saw a 3.6
percentage point increase, a difference of 8.1 percentage points. Notably, Black and/or Hispanic
students with consistent Zearn Math usage saw the largest gains. These students gained 18.7
percentage points, compared to only 3.1 percentage points for non-users, a difference of 15.6
percentage points (see Results Table 6).15 Full results are available in Appendix A Tables A22 and A23.

15 For each subgroup in treatment and control, the percent reaching proficiency on the pre TCAP was subtracted
from the percent reaching proficiency on the post TCAP. This change is depicted in Results Table 6. If the percent
within a subgroup was the same for pre and post, the change listed in Results Table 6 would be 0. The pre and
post percentages are reported in Appendix A Table A19.
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RESULTS TABLE 6_

Change in Proficiency Rate Across Subgroups
Change in percent of students reaching proficiency between the pre and post TCAP for consistent Zearn
Math users vs. non-users, by subgroup

Consistent Users Non-Users

All Students 11.8% 3.6%

Male 13.9% 4.9%

Female 9.6% 2.4%

Black and/or Hispanic 18.7% 3.1%

Economically disadvantaged 11.9% 3.4%

Students with disabilities ** **

Gi�ed ** **

Chronically out of school ** **

**Excluded due to lack of statistical significance. Full results are available in Appendix A Table A23.

Two-Year Retention of Academic Gains
Results from the one-year CEM analysis show promising evidence that using Zearn Math consistently
has a robust impact on student growth for Tennessee students. In this section, models were run to
examine the extent to which consistent Zearn Math users from 2021-2022 school year retained
additional learnings through 2022-2023, despite being low- or non-users during the 2022-2023 school
year.

As states consider investments in education interventions to catch students up andmove them
forward in math, it is important that students retain their gains in learning beyond a year. Therefore,
longitudinal success of Zearn Math in increasing student learning, even beyond a studentʼs time on the
learning platform, is an important measure of efficacy.

This analysis focused on the two-year outcomes of a matched sample of students with consistent
Zearn Math usage during the 2021-2022 school year and low or no usage during the 2022-2023 school
year, and a similar group of students with low or no usage during the 2021-2022 and 2022-2023 school
year.16 Additionally students needed to have pre-math and ELA TCAP scores from spring ʻ21, and
post-math TCAP scores from spring ʻ22 and spring ʻ23.

16 Non-users are defined as those who completed fewer than 30 lessons per year and have an account on Zearn
Math.
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For this analysis, the matched sample was selected using the samematching process, calipers and
criteria as the CEM one-year efficacy analysis. In total, 177 students with consistent Zearn Math usage
during the 2021-2022 school year met the criteria for inclusion in the matching pool. Of the 177
consistent Zearn Math users, all but 7 were matched, creating a sample of 170 matched pairs.17

Treatment and control groups differed by an average of 1.8 demographic factors, 0.32 in starting math
and 0.34 in starting ELA scale score points.18 The 7 students excluded from the study, due to lack of
match, did not concentrate in any demographic category that would bias the sample (see Appendix A
Table A28 for breakdown of sample demographics). Although there were slight differences in starting
scores among some demographic subgroups, all groups met baseline equivalency to be included in
this analysis.19

Students with consistent Zearn Math usage in 2021-2022 maintained and even increased their growth,
relative to low- or non-users, a year a�er they stopped using Zearn Math. In this two-year impact
sample, students who consistently used Zearn Math during the 2021-2022 school year, ended the
2021-2022 school year 7.9 points higher thanmatched low- or non-users (similar to the 7.2 scale score
point difference measured in the sample used for the one-year impact analysis). At the end of the
2022-2023 school year, students who consistently used Zearn Math during the 2021-2022 school year
ended the 2022-2023 school year 10.2 points higher thanmatched low- or non-users (effect size=.31;
see Appendix A Table A31 for findings from the difference in means analysis and Results Table 7 ).

RESULTS TABLE 7_

Additional Scale Score Growth Retained A�er Discontinuing Use
Additional growth in scale score points retained by students who consistently used Zearn Math during
the 2021-2022 school year, relative tomatched peers with no usage

EOY 2021 EOY2022

All Students 7.9 10.2

19 Subgroups of female, male, and economically disadvantaged had baseline differences < .05 of a standard
deviation, which satisfies baseline equivalence without adjustment, according to WWC (2022).Subgroup analyses
were not conducted for Black and/or Hispanic students, English learners, students with disabilities, gi�ed, or
students chronically out of school due to these subgroups having less than 10 students (see Appendix A Table 29
for full details on baseline equivalence).

18 Mean pretest math scores differed by 0.32 points. This is less than 0.05 of a standard deviation of the
combinedmeans. According to WWC, “Baseline differences less than or equal to 0.05 standard deviations in
absolute value automatically satisfy the baseline equivalence standard and do not require statistical
adjustment” (WWC, 2022, p. 53). See Appendix A Table A29 for full details on baseline equivalence.

17 Note: The sample for this analysis is <350.
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Conclusion and Limitations
This analysis provides promising evidence of Zearn Mathʼs positive impact on student achievement. A
dose-response analysis of the impact of Zearn Math on student achievement at four lesson completion
thresholds found that, across all usage thresholds, Zearn Math users had larger academic gains than
matched non-users as measured by the TCAP. Consistent Zearn Math users, those who completed the
recommended 3+ lessons per week, saw the largest gains relative to non-users.

A second analysis examining additional impacts of consistent Zearn Math usage found that, in addition
to positive changes in student performance overall, students who started below standards, Black
and/or Latino students, economically disadvantaged students, students with disabilities, and students
chronically out of school who consistently used Zearn Math saw even larger gains20 than the average
student. The finding that Zearn Math impacts all students positively, but is associated with evenmore
growth among those starting below standards or traditionally disadvantaged students, further
substantiates findings from efficacy analyses of Zearn Mathʼs impact in other states or districts (2022a,
2022b, 2022c; Szatrowski, 2022a, 2022b, 2022c; Szatrowski et al., 2022; Rickel, 2023; Rickel et al., 2023).

A separate analysis showed that students who used Zearn Math in 2021-2022, then discontinued use
for 2022-2023, maintained and even increased their additional growth relative to matched non-users
at the end of 2022-2023. This means that the benefits from Zearn Math held even beyond a studentʼs
time on the platform. This supports that students who learn on the Zearn Math platform better retain
their learnings as measured by the TCAP.

By matching students closely on starting TCAP scores in both math and ELA, grade, and nine
demographic and academic factors, treatment and control groups were similar along major
confounding characteristics. This technique better isolated the impact of Zearn Math usage as an
explanatory factor for differences in academic growth and performance than less rigorous
correlational analyses andmeet the rigorous standards set by What Works Clearinghouse and ESSA
evidence-based intervention guidelines. For both students overall and traditionally disadvantaged
subgroups, Zearn Math usage appears to drive higher levels of academic growth.

Despite the strong findings from this analysis, there are some limitations. While quasi-experimental
methods allow researchers to control for observed confounders, there is a possibility that unobserved
confounders mediate the relationship between Zearn use and academic performance. Eliminating this
limitation entirely would require implementation of a randomized controlled trial for Zearn usage.

This study was conducted on a sub-population of students in Tennessee. It is possible that the impact
of Zearn Math in other locations, or across a larger number of students, might show a different effect

20 Refers to either gains in scale score or change in the percent of students reaching proficiency.

© Zearn 2022 20 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

size, whether larger or smaller. This sample may not be completely representative of Tennessee as a
whole. For instance, in the one-year impact analysis, students from traditionally disadvantaged groups
such as Black and Hispanic students, economically disadvantaged students, English learners, students
with disabilities, and students chronically out of school were underrepresented in the sample relative
to the total population across Tennessee, which is a factor that may impact outcomes. It is also
possible that there are features specific to the districts represented in this sample that facilitate large
gains with Zearn Math usage that may not be present in other schools or districts. The geographic
specificity of this study may limit the generalizability to a more nationally representative population.

This studyʼs findings of Zearn Mathʼs efficacy align with those from other district and state efficacy
analyses (Zearn 2022a, 2022b, 2022c; Szatrowski, 2022a, 2022b, 2022c; Szatrowski et al., 2022; Rickel,
2023, Rickel et al., 2023). With robust methods and the expansion of efficacy studies to multiple
districts across the country, continued replication of trends and findings will provide even stronger
evidence of Zearn Mathʼs efficacy moving forward. Zearn plans to continue this work over the coming
months and years.
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Appendix A
Table A1_

Consistent Zearn Math users (i.e., 3+ lessons/week, approximately 90+ lessons/year), by grade and year*

2021-2022 2022-2023

Grade 4 248 335

Grade 5 131 224

Grade 6 25 445

Grade 7 No students included in the analysis 106

Grade 8 No students included in the analysis 76

*There were 1,485 unique fidelity users across both years, however, 105 students used Zearn Math w/fidelity for two years,
therefore totals add up to 1,590.
NOTE: not all students were matched and included in the analysis.

Table A2_

Matched sample details by Zearn Math dosage

Grade 4-8
users

Grade 4-8
users
w/TCAP
scores

Matched
pairs

Demographic
difference

Math TCAP
pre-score
difference
(scale score
points)

ELA TCAP
pre-score
difference
(scale score
points)

Threshold

3 lessons per month
(TN ALL Corps
recommended) 3,909 2,076 1,982 1.69 0.19 0.01

1-2 lessons per week 10,484 6,416 6,126 1.71 0.02 0.00

2-3 lessons per week 4,155 2,774 2,673 1.71 0.08 0.09

3+ lessons per week
(Zearn recommended) 2,578 1,590 1,537 1.83 0.10 0.05
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Table A3_

Dose Response 25 to 29 lessons: breakdown of samplematching characteristics, 2021-2022 and
2022-2023

Treatment Control

Total N's 1,982 1,982

Pre-scores (Spring '21 or Spring '22 assessment scores)

Math scale score 321.71 321.89

ELA scale score 331.62 331.63

Starting Performance Level (N's)

Below 488 485

Approaching 867 851

Met 506 517

Exceeded 121 129

Grade Level (N's)

Grade 4 465 465

Grade 5 522 522

Grade 6 361 361

Grade 7 373 373

Grade 8 261 261
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Table A4_

Dose Response 30 to 59 lessons: breakdown of samplematching characteristics, 2021-2022 and
2022-2023

Treatment Control

Total N's 6,126 6,126

Pre-scores (Spring '21 or Spring '22 assessment scores)

Math scale score 324.84 324.86

ELA scale score 333.80 333.81

Starting Performance Level (N's)

Below 1,390 1,408

Approaching 2,584 2,545

Met 1,664 1,696

Exceeded 488 477

Grade Level (N's)

Grade 4 1,392 1,392

Grade 5 1,399 1,399

Grade 6 1,500 1,500

Grade 7 885 885

Grade 8 950 950
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Table A5_

Dose Response 60 to 89 lessons: breakdown of samplematching characteristics, 2021-2022 and
2022-2023

Treatment Control

Total N's 2,673 2,673

Pre-scores (Spring '21 or Spring '22 assessment scores)

Math scale score 330.08 330.16

ELA scale score 337.68 337.59

Starting Performance Level (N's)

Below 463 455

Approaching 1,131 1,123

Met 837 851

Exceeded 242 244

Grade Level (N's)

Grade 4 589 589

Grade 5 438 438

Grade 6 672 672

Grade 7 524 524

Grade 8 450 450
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Table A6_

Dose Response: pre and post TCAP scale scoremeans, across all students, 2021-2022 and 2022-2023*

Treatment
pre

Treatment
post Control pre

Control
post

Starting
mean

difference
Pooled
SD

Difference
in SDs**

All Students

25 to 29 lessons:
math scale score 321.71 325.07 321.89 323.47 -0.19 35.78 -0.01

30 to 59 lessons:
math scale score 324.84 328.75 324.86 326.39 -0.02 35.90 0.00

60 to 89 lessons:
math scale score 330.08 333.72 330.16 330.69 -0.08 35.20 0.00

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**According to WWC, baseline differences <.05 of a standard deviation satisfy baseline equivalence without adjustment.
Differences <.25 of a standard deviation satisfy baseline equivalence with adjustment of difference-in-difference (2022).

Table A7_

Dose Response: pre and post adjusted TCAP scale scoremeans, across all students, 2021-2022 and
2022-2023*

Treatment and control
adjusted baselinemean**

Treatment
adjusted post***

Control
adjusted post***

All Students

25 to 29 lessons:
math scale score 321.80 325.16 323.37

30 to 59 lessons:
math scale score 324.85 328.76 326.38

60 to 89 lessons:
math scale score 330.12 333.76 330.65

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**The adjusted baseline mean was calculated as the average of treatment and control students' pre score.
*** The adjusted post scores for treatment and control were calculated by adding the actual score change between pre and
post for each respective group to the adjusted baseline mean. See Appendix A Table A6 for the unadjusted scores; see
Appendix A Table A8 for the actual change in score.
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Table A8_

Dose Response: comparison of changes in scores between consistent Zearn Math users and non-users,
across all students, 2021-2022 and 2022-2023

Treatment change
inmean

Control change
inmean Difference Pooled SD Cohen's d

All Students

25 to 29 lessons:
math scale score 3.36 1.57 1.79* 33.18 0.05

30 to 59 lessons:
math scale score 3.91 1.53 2.38*** 32.20 0.07

60 to 89 lessons:
math scale score 3.64 0.53 3.11*** 31.52 0.08

*p < .05 **p < .01 ***p < .001
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Table A9_

CEM one-year impact analysis: breakdown of samplematching characteristics, 2021-2022 and
2022-2023

Treatment Control

Total N's 1,537 1,537

Pre-scores (Spring '21 or Spring '22 assessment scores)

Math scale score 339.84 339.74

ELA scale score 345.03 344.98

Starting Performance Level (N's)

Below 174 172

Approaching 562 565

Met 540 537

Exceeded 261 263

Grade Level (N's)

Grade 4 559 559

Grade 5 347 347

Grade 6 454 454

Grade 7 105 105

Grade 8 72 72

Demographic & academic subgroups (N's)

Male 777 774

Female 760 763

Black and/or Hispanic 166 162

Economically disadvantaged 294 291

English learners * *

Students with disabilities 80 76

Gi�ed 15 16

Chronically out of school 95 93

*Subgroup analyses were not conducted because there were fewer than 10 students.
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Table A10_

CEM one-year impact analysis: breakdown of samplematching characteristics, 2021-2022

Treatment Control

Total N's 390 390

Pre-scores (Spring '21 assessment scores)

Math scale score 330.14 330.12

ELA scale score 346.23 346.10

Starting Performance Level (N's)

Below 65 65

Approaching 164 163

Met 121 118

Exceeded 40 44

Grade Level (N's)

Grade 4 237 237

Grade 5 129 129

Grade 6 24 24

Grade 7 No students included in the analysis No students included in the analysis

Grade 8 No students included in the analysis No students included in the analysis

Demographic & academic subgroups (N's)

Male 201 201

Female 189 189

Black and/or Hispanic 30 30

Economically disadvantaged 76 74

English learners * *

Students with disabilities 24 24

Gi�ed * *

Chronically out of school 12 13

*Subgroup analyses were not conducted because there were less than 10 students.
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Table A11_

CEM one-year impact analysis: breakdown of samplematching characteristics, 2022-2023

Treatment Control

Total N's 1,147 1,147

Pre-scores (Spring '22 assessment scores)

Math scale score 343.13 343.01

ELA scale score 344.62 344.61

Starting Performance Level (N's)

Below 109 107

Approaching 398 402

Met 419 419

Exceeded 221 219

Grade Level (N's)

Grade 4 322 322

Grade 5 218 218

Grade 6 430 430

Grade 7 105 105

Grade 8 72 72

Demographic & academic subgroups (N's)

Male 576 573

Female 571 574

Black and/or Hispanic 136 132

Economically disadvantaged 218 217

English learners * *

Students with disabilities 56 52

Gi�ed * *

Chronically out of school 83 80

*Subgroup analyses were not conducted because there were fewer than 10 students.
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Table A12_

Tennessee Schools: comparison of CEM one-year impact sample and statewide school population

Sample-Treatment Sample-Control State*

Subgroups

Black 5% 6% 24%

Hispanic 5% 5% 13%

White 88% 89% 60%

Economically disadvantaged 19% 19% 30%

English learners ** ** 8%

Gi�ed ** ** N/A

Students with disabilities 5% 5% 13%

Chronically out of school 6% 6% 20%

*While the matched sample represents students in grades 4-8, the state percentages are based off of K-12.
**Suppressed because the subgroup had less than 10 students.
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Table A13_

CEM one-year impact analysis: pre and post TCAP scale scoremeans, across all students and by subgroup,
2021-2022 and 2022-2023*

Treatment
pre

Treatment
post

Control
pre

Control
post

Starting
mean

difference
Pooled
SD

Difference
in SDs**

All Students

Math scale score 339.84 346.57 339.74 339.23 0.10 34.30 0.00

Starting Proficiency

Below-proficient
("Below" and
"Approaching") 311.78 324.67 311.66 314.18 0.12 22.23 0.01

Proficient and above
("Met" and
"Exceeded") 365.62 366.69 365.61 362.31 0.01 20.31 0.00

Starting Performance Level

Below 280.14 301.43 279.95 287.42 0.20 19.73 0.01

Approaching 321.58 331.87 321.32 322.33 0.26 11.12 0.02

Met 354.24 359.28 354.38 353.42 -0.15 10.49 -0.01

Exceeded 389.16 382.03 388.53 380.45 0.63 15.20 0.04

Grade Level

Grade 4 341.23 342.41 341.10 333.67 0.13 32.36 0.00

Grade 5 326.17 348.43 326.20 338.96 -0.03 36.25 0.00

Grade 6 345.46 347.59 345.37 342.68 0.09 34.02 0.00

Grade 7 351.50 357.69 350.99 351.70 0.50 23.77 0.02

Grade 8 342.42 347.22 342.51 343.79 -0.10 35.35 0.00

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**According to WWC, baseline differences <.05 of a standard deviation satisfy baseline equivalence without adjustment.
Differences <.25 of a standard deviation satisfy baseline equivalence with adjustment of difference-in-difference (2022).
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Table A13 cont._

Cont. CEM one-year impact analysis: pre and post TCAP scale scoremeans, across all students and by
subgroup, 2021-2022 and 2022-2023*

Treatment
pre

Treatment
post

Control
pre

Control
post

Starting
mean

difference
Pooled
SD

Difference
in SDs**

Demographic & academic subgroups

Male 340.77 347.86 340.50 339.78 0.27 34.42 0.01

Female 338.89 345.25 338.97 338.67 -0.09 34.16 0.00

Black and/or
Hispanic 327.65 336.90 327.62 324.52 0.03 29.08 0.00

Economically
disadvantaged 327.48 334.28 327.56 325.33 -0.08 32.49 0.00

Students with
disabilities 300.63 312.26 299.00 294.37 1.63 31.73 0.05

Gi�ed 383.93 400.20 387.88 399.94 -3.94 24.41 -0.16

Chronically out of
school 333.69 338.85 331.71 326.03 1.99 30.81 0.06

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**According to WWC, baseline differences <.05 of a standard deviation satisfy baseline equivalence without adjustment.
Differences <.25 of a standard deviation satisfy baseline equivalence with adjustment of difference-in-difference (2022).
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Table A14_

CEM one-year impact analysis: pre and post TCAP scale scoremeans, across all students and by subgroup,
2021-2022

Treatment
spring '21

Treatment
spring '22

Control
spring '21

Control
spring '22

Starting
mean

difference
Pooled
SD

Difference
in SDs*

All Students

Math scale score 330.14 338.70 330.12 330.83 0.03 33.99 0.00

Starting Proficiency

Below-proficient 308.35 320.78 308.07 311.36 0.28 24.00 0.01

Proficient and above 361.14 364.20 361.15 358.23 -0.01 18.22 0.00

Starting Performance Level

Below 278.03 300.91 277.62 282.12 0.42 21.17 0.02

Approaching 320.36 328.65 320.21 323.01 0.15 10.69 0.01

Met 352.88 359.63 352.31 350.61 0.58 10.75 0.05

Exceeded 386.13 378.03 384.86 378.68 1.26 12.13 0.10

Grade Level

Grade 4 333.84 333.46 333.82 328.24 0.01 29.14 0.00

Grade 5 316.43 343.26 316.48 329.28 -0.05 35.63 0.00

Grade 6 367.38 366.00 366.79 364.67 0.58 33.18 0.02

Demographic & academic subgroups

Male 330.71 341.70 330.81 332.79 -0.10 33.32 0.00

Female 329.53 335.51 329.38 328.75 0.16 34.72 0.00

Black and/or
Hispanic 318.50 335.50 319.23 320.17 -0.73 23.25 -0.03

Economically
disadvantaged 317.24 331.29 317.62 319.73 -0.38 36.76 -0.01

Students with
disabilities 294.79 307.63 294.46 291.13 0.33 32.94 0.01

Chronically out of
school 321.58 325.92 319.77 313.00 1.81 26.86 0.07

*According to WWC, baseline differences <.05 of a standard deviation satisfy baseline equivalence without adjustment.
Differences <.25 of a standard deviation satisfy baseline equivalence with adjustment of difference-in-difference (2022).
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Table A15_

CEM one-year impact analysis: pre and post TCAP scale scoremeans, across all students and by subgroup,
2022-2023

Treatment
spring '22

Treatment
spring '23

Control
spring '22

Control
spring '23

Starting
mean

difference
Pooled
SD

Difference
in SDs*

All Students

Math scale score 343.13 349.24 343.01 342.09 0.12 33.79 0.00

Starting Proficiency

Below-proficient 313.33 326.43 313.27 315.45 0.06 21.20 0.00

Proficient and above 366.74 367.32 366.74 363.34 0.00 20.66 0.00

Starting Performance Level

Below 281.40 301.73 281.36 290.64 0.04 18.73 0.00

Approaching 322.08 333.19 321.77 322.05 0.31 11.26 0.03

Met 354.63 359.17 354.97 354.21 -0.34 10.37 -0.03

Exceeded 389.71 382.75 389.26 380.81 0.45 15.65 0.03

Grade Level

Grade 4 346.68 349.00 346.46 337.66 0.22 33.55 0.01

Grade 5 331.93 351.49 331.95 344.69 -0.02 35.41 0.00

Grade 6 344.23 346.56 344.18 341.45 0.06 33.68 0.00

Grade 7 351.50 357.69 350.99 351.70 0.50 23.77 0.02

Grade 8 342.42 347.22 342.51 343.79 -0.10 35.35 0.00

Demographic & academic subgroups

Male 344.27 350.01 343.90 342.24 0.38 34.14 0.01

Female 341.98 348.47 342.13 341.94 -0.15 33.41 0.00

Black and/or Hispanic 329.67 337.21 329.53 325.52 0.14 29.92 0.00

Economically
disadvantaged 331.05 335.33 330.95 327.24 0.10 30.15 0.00

Students with
disabilities 303.13 314.25 301.10 295.87 2.03 31.05 0.07

Chronically out of
school 335.45 340.72 333.65 328.15 1.80 31.04 0.06

*According to WWC, baseline differences <.05 of a standard deviation satisfy baseline equivalence without adjustment.
Differences <.25 of a standard deviation satisfy baseline equivalence with adjustment of difference-in-difference (2022).
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Table A16_

CEM one-year impact analysis: pre and post adjusted TCAP scale scoremeans, across all students and by
subgroup, 2021-2022 and 2022-2023*

Treatment and control
adjusted baseline

mean**
Treatment

adjusted post ***
Control

adjusted post***

All Students

Math scale score 339.79 346.52 339.28

Starting Proficiency

Below-proficient 311.72 324.61 314.24

Proficient and above 365.61 366.69 362.31

Starting Performance Level

Below 280.05 301.33 287.52

Approaching 321.45 331.74 322.46

Met 354.31 359.35 353.35

Exceeded**** 388.84 381.71 380.77

Grade Level

Grade 4 341.17 342.35 333.74

Grade 5 326.18 348.44 338.95

Grade 6 345.42 347.55 342.72

Grade 7 **** 351.24 357.43 351.95

Grade 8**** 342.47 347.27 343.74

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**The adjusted baseline mean was calculated as the average of treatment and control students' pre score.
***The adjusted post scores for treatment and control were calculated by adding the actual score change between pre and
post for each respective group to the adjusted baseline mean. See Appendix A Table A13 for the unadjusted scores; see
Appendix A Tables A22 and A23 for the actual change in score.
****The difference in scale score change was not significant. Full results are available in Appendix A Tables A22 and A23.
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Table A16 cont._

Cont. CEM one-year impact analysis: pre and post adjusted TCAP scale scoremeans, across all students
and by subgroup, 2021-2022 and 2022-2023*

Treatment and control
adjusted baseline

mean**
Treatment adjusted

post*** Control adjusted post***

Demographic & academic subgroups

Male 340.63 347.72 339.92

Female 338.93 345.29 338.63

Black and/or Hispanic 327.64 336.89 324.54

Economically disadvantaged 327.52 334.32 325.29

Students with disabilities 299.81 311.45 295.18

Gi�ed**** 385.90 402.17 397.97

Chronically out of school 332.70 337.86 327.02

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**The adjusted baseline mean was calculated as the average of treatment and control students' pre score.
***The adjusted post scores for treatment and control were calculated by adding the actual score change between pre and
post for each respective group to the adjusted baseline mean. See Appendix A Table A13 for the unadjusted scores; see
Appendix A Tables A22 and A23 for the actual change in score.
****The difference in scale score change was not significant. Full results are available in Appendix A Tables A22 and A23.

© Zearn 2022 40 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

Table A17_

CEM one-year impact analysis: pre and post adjusted TCAP scale scoremeans, across all students and by
subgroup, 2021-2022

Treatment and control
adjusted spring '21
baselinemean*

Treatment adjusted
spring '22**

Control adjusted spring
'22**

All Students

Math scale score 330.13 338.69 330.84

Starting Proficiency

Below-proficient 308.21 320.64 311.49

Proficient and above 361.15 364.20 358.23

Starting Performance Level

Below 277.82 300.70 282.33

Approaching 320.28 328.58 323.09

Met 352.59 359.34 350.90

Exceeded*** 385.49 377.39 379.31

Grade Level

Grade 4 333.83 333.45 328.25

Grade 5 316.45 343.28 329.25

Grade 6*** 367.08 365.71 364.96

Demographic & academic subgroups

Male 330.76 341.75 332.74

Female 329.46 335.43 328.83

Black and/or Hispanic 318.87 335.87 319.80

Economically disadvantaged 317.43 331.48 319.54

Students with disabilities*** 294.63 307.46 291.29

Chronically out of school*** 320.68 325.01 313.91

*The adjusted baseline mean was calculated as the average of treatment and control students' spring '21 score.
**The adjusted spring '22 scale scores for treatment and control were calculated by adding the actual score change between
spring '21 and '22 for each respective group to the spring '21 adjusted baseline mean. See Appendix A Table A14 for the
unadjusted scores; see Appendix A Tables A24 and A25 for the actual change in score.
***The difference in scale score change was not significant. Full results are available in Appendix A Tables A24 and A25.
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Table A18_

CEM one-year impact analysis: pre and post adjusted TCAP scale scoremeans, across all students and by
subgroup, 2022-2023

Treatment and control
adjusted spring '22
baselinemean*

Treatment adjusted
spring '23**

Control adjusted spring
'23**

All Students

Math scale score 343.07 349.18 342.15

All Students

Below-proficient 313.30 326.40 315.48

Proficient and above 366.74 367.32 363.34

Starting Performance Level

Below 281.38 301.71 290.66

Approaching 321.92 333.04 322.21

Met 354.80 359.34 354.04

Exceeded*** 389.49 382.53 381.03

Grade Level

Grade 4 346.57 348.89 337.77

Grade 5 331.94 351.50 344.68

Grade 6 344.21 346.53 341.48

Grade 7*** 351.24 357.43 351.95

Grade 8*** 342.47 347.27 343.74

*The adjusted baseline mean was calculated as the average of treatment and control students' spring '22 score.
**The adjusted spring '23 scale scores for treatment and control were calculated by adding the actual score change between
spring '22 and '23 for each respective group to the spring '22 adjusted baseline mean. See Appendix A Table A15 for the
unadjusted scores; see Appendix A Tables A26 and A27 for the actual change in score.
***The difference in scale score change was not significant. Full results are available in Appendix A Tables A26 and A27.
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Table A18 cont._

Cont. CEM one-year impact analysis: pre and post adjusted TCAP scale scoremeans, across all students
and by subgroup, 2022-2023

Treatment and control
adjusted spring '22
baselinemean*

Treatment adjusted
spring '23**

Control adjusted spring
'23**

Demographic & academic subgroups

Male 344.08 349.82 342.43

Female 342.06 348.55 341.87

Black and/or Hispanic 329.60 337.14 325.58

Economically disadvantaged 331.00 335.28 327.29

Students with disabilities 302.11 313.24 296.88

Chronically out of school 334.55 339.83 329.05

*The adjusted baseline mean was calculated as the average of treatment and control students' spring '22 score.
**The adjusted spring '23 scale scores for treatment and control were calculated by adding the actual score change between
spring '22 and '23 for each respective group to the spring '22 adjusted baseline mean. See Appendix A Table A15 for the
unadjusted scores; see Appendix A Tables A26 and A27 for the actual change in score.
***The difference in scale score change was not significant. Full results are available in Appendix A Tables A26 and A27.
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Table A19_

CEM one-year impact analysis: percent proficient on the pre and post TCAP, across all students and by
subgroup, 2021-2022 and 2022-2023*

Treatment
pre

Treatment
post

Control
pre

Control
post

Treatment and
control adjusted
baselinemean**

Treatment
adjusted
post***

Control
adjusted
post***

All Students

Math percent
proficient 52.11% 63.89% 52.05% 55.69% 52.1% 63.9% 55.7%

Grade Level

Grade 4 48.30% 64.76% 48.66% 55.10% 48.48% 64.94% 54.92%

Grade 5 45.24% 61.96% 45.24% 52.74% 45.24% 61.96% 52.74%

Grade 6**** 57.49% 59.91% 56.61% 54.85% 57.05% 59.47% 55.29%

Grade 7**** 68.57% 79.05% 68.57% 69.52% 68.57% 79.05% 69.52%

Grade 8**** 56.94% 69.44% 58.33% 59.72% 57.64% 70.14% 59.03%

Demographic & academic subgroups

Male 52.12% 66.02% 51.94% 56.85% 52.03% 65.93% 56.94%

Female 52.11% 61.71% 52.16% 54.52% 52.13% 61.74% 54.49%

Black and/or
Hispanic 34.34% 53.01% 35.19% 38.27% 34.76% 53.44% 37.85%

Economically
disadvantaged 37.07% 48.98% 37.11% 40.55% 37.09% 49.00% 40.53%

Students with
disabilities**** 10.00% 27.50% 6.58% 14.47% 8.29% 25.79% 16.18%

Gi�ed**** 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Chronically out of
school**** 43.16% 53.68% 41.94% 45.16% 42.55% 53.07% 45.77%

*For the 2021-2022 school year, pre scores are from spring '21 and post scores are from spring '22. For the 2022-2023 school
year, pre scores are from spring '22 and post scores are from spring '23.
**The adjusted baseline mean was calculated as the average percent of treatment and control students whomet proficiency
("Met" or "Exceeded") on the pre assessment.
***The adjusted post values for treatment and control were calculated by adding the actual percentage point change
between pre and post for each respective group to the adjusted baseline mean.
****The change in percent proficient was not significant. Full results are available in Appendix A Tables A22 and A23.
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Table A20_

CEM one-year impact analysis: percent proficient on the pre and post TCAP, across all students and by
subgroup, 2021-2022

Treatment
spring '21

Treatment
spring '22

Control
spring '21

Control
spring '22

Treatment and
control adjusted

spring '21
baselinemean*

Treatment
adjusted
spring
'22**

Control
adjusted
spring
'22**

All Students

Math percent
proficient 41.28% 56.67% 41.54% 47.95% 41.41% 56.79% 47.82%

Grade Level

Grade 4*** 40.51% 54.01% 40.08% 46.84% 40.30% 53.80% 47.05%

Grade 5 35.66% 57.36% 37.21% 44.19% 36.43% 58.14% 43.41%

Grade 6*** 79.17% 79.17% 79.17% 79.17% 79.17% 79.17% 79.17%

Demographic & academic subgroups

Male 41.79% 59.70% 42.79% 49.75% 42.29% 60.20% 49.25%

Female*** 40.74% 53.44% 40.21% 46.03% 40.48% 53.17% 46.30%

Black and/or
Hispanic*** 13.33% 40.00% 16.67% 33.33% 15.00% 41.67% 31.67%

Economically
disadvantaged*** 31.58% 42.11% 35.14% 37.84% 33.36% 43.88% 36.06%

Students with
disabilities 8.33% 20.83% 8.33% 4.17% 8.33% 20.83% 4.17%

Chronically out of
school*** 25.00% 50.00% 23.08% 30.77% 24.04% 49.04% 31.73%

*The adjusted baseline mean was calculated as the average percent of treatment and control students whomet proficiency
("Met" or "Exceeded") on the spring '21 assessment.
**The adjusted post values for treatment and control were calculated by adding the actual percentage point change between
spring '21 and '22 for each respective group to the spring '21 adjusted baseline mean.
***The change in percent proficient was not significant. Full results are available in Appendix A Tables A24 and A25.
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Table A21_

CEM one-year impact analysis: percent proficient on the pre and post TCAP, across all students and by
subgroup, 2022-2023

Treatment
spring '22

Treatment
spring '23

Control
spring '22

Control
spring '23

Treatment and
control adjusted

spring '22
baselinemean*

Treatment
adjusted
spring
'23**

Control
adjusted
spring
'23**

All Students

Math percent
proficient 55.80% 66.35% 55.62% 58.33% 55.71% 66.26% 58.41%

Grade Level

Grade 4 54.04% 72.67% 54.97% 61.18% 54.50% 73.14% 60.71%

Grade 5*** 50.92% 64.68% 50.00% 57.80% 50.46% 64.22% 58.26%

Grade 6*** 56.28% 58.84% 55.35% 53.49% 55.81% 58.37% 53.95%

Grade 7*** 68.57% 79.05% 68.57% 69.52% 68.57% 79.05% 69.52%

Grade 8*** 56.94% 69.44% 58.33% 59.72% 57.64% 70.14% 59.03%

Demographic & academic subgroups

Male 55.73% 68.23% 55.15% 59.34% 55.44% 67.94% 59.63%

Female 55.87% 64.45% 56.10% 57.32% 55.98% 64.56% 57.20%

Black and/or
Hispanic 38.97% 55.88% 39.39% 39.39% 39.18% 56.09% 39.18%

Economically
disadvantaged*** 38.99% 51.38% 37.79% 41.47% 38.39% 50.77% 42.08%

Students with
disabilities**** 10.71% 30.36% 5.77% 19.23% 8.24% 27.88% 21.70%

Chronically out of
school*** 45.78% 54.22% 45.00% 47.50% 45.39% 53.83% 47.89%

*The adjusted baseline mean was calculated as the average percent of treatment and control students whomet proficiency
("Met" or "Exceeded") on the spring '22 assessment.
**The adjusted post values for treatment and control were calculated by adding the actual percentage point change between
spring '22 and '23 for each respective group to the spring '22 adjusted baseline mean.
***The change in percent proficient was not significant. Full results are available in Appendix A Tables A26 and A27.
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Table A22_

CEM one-year impact analysis: comparison of changes in scores and percent proficient between consistent
Zearn Math users and non-users, across all students, 2021-2022 and 2022-2023

Treatment
change in
mean

Control
change in
mean Difference Pooled SD Cohen's d

All Students

Math scale score (SS) 6.73 -0.51 7.24*** 31.32 0.23

Math percent proficient 11.78% 3.64% 8.13%*** 0.54 0.15

Starting Proficiency

Below-proficient SS 12.89 2.52 10.37*** 25.70 0.40

Proficient and above SS 1.07 -3.30 4.37*** 24.25 0.18

Starting Performance Level

Below SS 21.28 7.47 13.81*** 32.85 0.42

Approaching SS 10.29 1.01 9.28*** 22.68 0.41

Met SS 5.04 -0.96 6.00*** 22.74 0.26

Exceeded SS -7.13 -8.08 0.94 25.94 0.04

Grade Level

Grade 4 SS 1.18 -7.43 8.61*** 23.71 0.36

Grade 4 percent proficient 16.46% 6.44% 10.02%*** 0.46 0.22

Grade 5 SS 22.26 12.76 9.50*** 26.02 0.36

Grade 5 percent proficient 16.71% 7.49% 9.22%** 0.46 0.20

Grade 6 SS 2.13 -2.69 4.83** 23.15 0.21

Grade 6 percent proficient 2.42% -1.76% 4.19% 0.43 0.10

Grade 7 SS 6.19 0.70 5.49 23.52 0.23

Grade 7 percent proficient 10.48% 0.95% 9.52% 0.47 0.20

Grade 8 SS 4.81 1.28 3.53 23.08 0.15

Grade 8 percent proficient 12.50% 1.39% 11.11% 0.39 0.29

*p < .05 **p < .01 ***p < .001
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Table A23_

CEM one-year impact analysis: comparison of changes in scores and percent proficient between consistent
Zearn Math users and non-users, by subgroup, 2021-2022 and 2022-2023

Treatment
change in
mean

Control
change in
mean Difference Pooled SD Cohen's d

Demographic & academic subgroups

Male SS 7.09 -0.72 7.81*** 26.08 0.30

Male percent proficient 13.90% 4.91% 8.99%*** 0.46 0.20

Female SS 6.36 -0.30 6.66*** 24.57 0.27

Female percent proficient 9.61% 2.36% 7.25%** 0.44 0.16

Black and/or Hispanic SS 9.25 -3.10 12.35*** 25.11 0.49

Black and/or Hispanic percent
proficient 18.67% 3.09% 15.59%** 0.49 0.32

Economically disadvantaged SS 6.81 -2.23 9.03*** 26.14 0.35

Economically disadvantaged
percent proficient 11.90% 3.44% 8.47%* 0.47 0.18

Students with disabilities SS 11.64 -4.63 16.27** 31.50 0.52

Students with disabilities
percent proficient 17.50% 7.89% 9.61% 0.35 0.27

Gi�ed SS 16.27 12.06 4.20 29.95 0.14

Gi�ed percent proficient 0.00% 0.00% 0.00% 0.00 0.00

Chronically out of school SS 5.16 -5.68 10.84** 24.37 0.44

Chronically out of school
percent proficient 10.53% 3.23% 7.30% 0.46 0.16

*p < .05 **p < .01 ***p < .001
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Table A24_

CEM one-year impact analysis: comparison of changes in scores and percent proficient between consistent
Zearn Math users and non-users, across all students, 2021-2022

Treatment
change in
mean

Control
change in
mean Difference Pooled SD Cohen's d

All Students

Math scale score (SS) 8.56 0.71 7.85*** 33.36 0.24

Math percent proficient 15.38% 6.41% 8.97%** 0.56 0.16

Starting Proficiency

Below-proficient SS 12.43 3.29 9.14*** 26.60 0.34

Proficient and above SS 3.06 -2.91 5.97* 25.56 0.23

Starting Performance Level

Below SS 22.88 4.51 18.37** 36.08 0.51

Approaching SS 8.29 2.80 5.49* 21.35 0.26

Met SS 6.74 -1.69 8.44** 24.54 0.34

Exceeded SS -8.10 -6.18 -1.92 27.16 -0.07

Grade Level

Grade 4 SS -0.38 -5.58 5.20* 22.51 0.23

Grade 4 percent proficient 13.50% 6.75% 6.75% 0.47 0.14

Grade 5 SS 26.83 12.80 14.03*** 27.74 0.51

Grade 5 percent proficient 21.71% 6.98% 14.73%** 0.46 0.32

Grade 6 SS -1.38 -2.13 0.75 19.77 0.04

Grade 6 percent proficient 0.00% 0.00% 0.00% 0.00 0.00

*p < .05 **p < .01 ***p < .001
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Table A25_

CEM one-year impact analysis: comparison of changes in scores and percent proficient between consistent
Zearn Math users and non-users, by subgroup, 2021-2022

Treatment
change in
mean

Control
change in
mean Difference Pooled SD Cohen's d

Demographic & academic subgroups

Male SS 10.99 1.98 9.01*** 26.73 0.34

Male percent proficient 17.91% 6.97% 10.95%* 0.47 0.23

Female SS 5.98 -0.63 6.61* 26.02 0.25

Female percent proficient 12.70% 5.82% 6.88% 0.44 0.16

Black and/or Hispanic SS 17.00 0.93 16.07** 23.34 0.69

Black and/or Hispanic percent
proficient 26.67% 16.67% 10.00% 0.45 0.22

Economically disadvantaged SS 14.05 2.11 11.94* 31.26 0.38

Economically disadvantaged
percent proficient 10.53% 2.70% 7.82% 0.46 0.17

Students with disabilities SS 12.83 -3.33 16.17 30.35 0.53

Students with disabilities
percent proficient 12.50% -4.17% 16.67%* 0.29 0.58

Chronically out of school SS 4.33 -6.77 11.10 17.79 0.62

Chronically out of school
percent proficient 25.00% 7.69% 17.31% 0.47 0.37

*p < .05 **p < .01 ***p < .001
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Table A26_

CEM one-year impact analysis: comparison of changes in scores and percent proficient between consistent
Zearn Math users and non-users, across all students, 2022-2023

Treatment
change in
mean

Control
change in
mean Difference Pooled SD Cohen's d

All Students

Math scale score (SS) 6.11 -0.93 7.03*** 30.61 0.23

Math percent proficient 10.55% 2.70% 7.85%*** 0.54 0.15

Starting Proficiency

Below-proficient SS 13.10 2.17 10.92*** 25.29 0.43

Proficient and above SS 0.58 -3.40 3.97** 23.91 0.17

Starting Performance Level

Below SS 20.33 9.27 11.06** 30.83 0.36

Approaching SS 11.12 0.29 10.83*** 23.21 0.47

Met SS 4.55 -0.75 5.30*** 22.21 0.24

Exceeded SS -6.96 -8.46 1.50 25.73 0.06

Grade Level

Grade 4 SS 2.32 -8.80 11.12*** 24.57 0.45

Grade 4 percent proficient 18.63% 6.21% 12.42%*** 0.46 0.27

Grade 5 SS 19.56 12.74 6.81** 24.87 0.27

Grade 5 percent proficient 13.76% 7.80% 5.96% 0.45 0.13

Grade 6 SS 2.33 -2.73 5.05** 23.33 0.22

Grade 6 percent proficient 2.56% -1.86% 4.42% 0.44 0.10

Grade 7 SS 6.19 0.70 5.49 23.52 0.23

Grade 7 percent proficient 10.48% 0.95% 9.52% 0.47 0.20

Grade 8 SS 4.81 1.28 3.53 23.08 0.15

Grade 8 percent proficient 12.50% 1.39% 11.11% 0.39 0.29

*p < .05 **p < .01 ***p < .001
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Table A27_

CEM one-year impact analysis: comparison of changes in scores and percent proficient between consistent
Zearn Math users and non-users, by subgroup, 2022-2023

Treatment
change in
mean

Control
change in
mean Difference Pooled SD Cohen's d

Demographic & academic subgroups

Male SS 5.73 -1.66 7.39*** 25.76 0.29

Male percent proficient 12.50% 4.19% 8.31%** 0.46 0.18

Female SS 6.49 -0.19 6.68*** 24.08 0.28

Female percent proficient 8.58% 1.22% 7.36%** 0.44 0.17

Black and/or Hispanic SS 7.54 -4.02 11.56*** 25.35 0.46

Black and/or Hispanic percent
proficient 16.91% 0.00% 16.91%** 0.50 0.34

Economically disadvantaged SS 4.28 -3.71 7.98*** 23.83 0.34

Economically disadvantaged
percent proficient 12.39% 3.69% 8.70% 0.48 0.18

Students with disabilities SS 11.13 -5.23 16.36** 32.13 0.51

Students with disabilities
percent proficient 19.64% 13.46% 6.18% 0.37 0.17

Chronically out of school SS 5.28 -5.50 10.78** 25.26 0.43

Chronically out of school
percent proficient 8.43% 2.50% 5.93% 0.46 0.13

*p < .05 **p < .01 ***p < .001
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Table A28_

CEM two-year retention of academic gains - 1 year fidelity and 1 year no usage: breakdown of sample
matching characteristics in 2021-2022

Treatment Control

Total N's 170 170

Pre-scores (Spring '21 assessment scores)

Math scale score 336.74 337.06

ELA scale score 345.82 346.16

Starting Performance Level (N's)

Below 22 22

Approaching 67 67

Met 55 54

Exceeded 26 27

Grade Level (N's)

Grade 4 95 95

Grade 5 53 53

Grade 6** * *

Grade 7** * *

Grade 8 No students included in the analysis No students included in the analysis

Demographic & academic subgroups (N's)

Male 83 82

Female 87 88

Black and/or Hispanic No students included in the analysis No students included in the analysis

Economically disadvantaged 39 38

English learners * *

Students with disabilities * *

Gi�ed * *

Chronically out of school * *

*Subgroup analyses were not conducted because there were fewer than 10 students.
**Complementary suppression applied to prevent calculation of the group with primary suppression.
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Table A29_

CEM two-year retention of academic gains - 1 year fidelity and 1 year no usage: pre and post TCAP scale
scoremeans, across all students and by subgroup

Treatment
spring '21

Treatment
spring '23

Control
spring '21

Control
spring '23

Starting
mean

difference Pooled SD
Difference
in SDs*

All Students

Math scale score 336.74 352.28 337.06 342.44 -0.32 33.81 -0.01

Starting Proficiency

Below-proficient 311.74 329.73 312.10 318.35 -0.36 22.42 -0.02

Proficient and above 364.20 377.06 364.48 368.91 -0.28 20.18 -0.01

Starting Performance Level

Below 280.09 305.59 280.86 298.68 -0.77 19.23 -0.04

Approaching 322.13 337.66 322.36 324.81 -0.22 10.71 -0.02

Met 352.84 369.24 352.78 357.09 0.06 10.79 0.01

Exceeded 388.23 393.62 387.89 392.56 0.34 12.93 0.03

Grade Level

Grade 4 338.56 351.82 338.80 341.47 -0.24 27.97 -0.01

Grade 5 320.43 344.96 320.89 332.09 -0.45 34.20 -0.01

Demographic & academic subgroups

Male 334.99 352.28 335.09 338.90 -0.10 31.59 0.00

Female 338.40 352.29 338.90 345.74 -0.50 35.78 -0.01

Economically
disadvantaged 322.62 335.41 323.55 323.84 -0.94 32.62 -0.03

*According to WWC, baseline differences <.05 of a standard deviation satisfy baseline equivalence without adjustment.
Differences <.25 of a standard deviation satisfy baseline equivalence with adjustment of difference-in-difference (2022).

© Zearn 2022 54 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

Table A30_

CEM two-year retention of academic gains - 1 year fidelity and 1 year no usage: pre and post adjusted TCAP
scale scoremeans, across all students and by subgroup

Treatment and control
adjusted spring '21
baselinemean*

Treatment adjusted
spring '23**

Control adjusted spring
'23**

All Students

Math scale score 336.90 352.44 342.28

All Students

Below-proficient 311.92 329.91 318.17

Proficient and above 364.34 377.20 368.77

Starting Performance Level

Below*** 280.48 305.98 298.30

Approaching 322.25 337.77 324.69

Met 352.81 369.21 357.12

Exceeded*** 388.06 393.44 392.73

Grade Level

Grade 4 338.68 351.94 341.35

Grade 5 320.66 345.19 331.87

Demographic & academic subgroups

Male 335.04 352.33 338.85

Female*** 338.65 352.54 345.49

Economically disadvantaged 323.08 335.88 323.37

*The adjusted baseline mean was calculated as the average of treatment and control students' spring '21 score.
**The adjusted spring '23 scale scores for treatment and control were calculated by adding the actual score change between
spring '21 and '23 for each respective group to the spring '21 adjusted baseline mean. See Appendix A Table A29 for the
unadjusted scores; see Appendix A Table A31 for the actual change in score.
***The difference in scale score change was not significant. Full results are available in Appendix A Table A31.
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Table A31_

CEM two-year retention of academic gains - 1 year fidelity and 1 year no usage: comparison of changes in
scores between consistent Zearn Math users and non-users

Treatment
change inmean

Control change
inmean Difference Pooled SD Cohen's d

All Students

Math scale score (SS) 15.55 5.38 10.16*** 33.25 0.31

Starting Proficiency

Below-proficient SS 17.99 6.25 11.74** 28.78 0.41

Proficient and above SS 12.86 4.43 8.43* 24.25 0.35

Starting Performance Level

Below SS 25.50 17.82 7.68 31.71 0.24

Approaching SS 15.52 2.45 13.07** 15.52 0.84

Met SS 16.40 4.31 12.09** 24.01 0.50

Exceeded SS 4.58 5.03 -0.46 24.58 -0.02

Grade Level

Grade 4 SS 13.26 2.67 10.59** 27.43 0.39

Grade 5 SS 24.53 11.21 13.32** 25.39 0.52

Demographic & academic subgroups

Male SS 17.29 3.82 13.47** 28.24 0.48

Female SS 13.89 6.84 7.04 25.32 0.28

Economically disadvantaged SS 12.79 0.29 12.51* 28.45 0.44

*p < .05 **p < .01 ***p < .001

© Zearn 2022 56 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

Appendix B
This study was designed to meet the rigorous standards set by the What Works Clearinghouse (WWC)
and qualify as an Every Student Succeeds Act (ESSA) evidence-based intervention. This Appendix
provides more detail about these standards and how this impact study meets those standards.

What Works Clearinghouse provides ratings of randomized control trials (RCTs) and
quasi-experimental designs (QEDs) against their Group Design standards. There are three possible
ratings: Meets WWC Standards without Reservations, Meets WWC Standards with Reservations, or Does
Not Meet WWC Standards. Because QED studies that establish baseline equivalence or use acceptable
statistical adjustments “reduce, but likely do not eliminate, the potential bias associated with the
group assignment procedures,” Meets WWC Standards with Reservations is the highest possible rating
for QEDs (What Works Clearinghouse, 2022).

This study uses quasi-experimental matching methods to create baseline equivalency between
treatment and control groups alongmajor confounding factors. Consistent Zearn Math users were
matched with non-users, in the same grade, on starting math and English Language Arts (ELA)
standardized test scores, along with nine student characteristics using a two-step Coarsened Exact
Matching (CEM) method with optimal matching. CEM is a technique that simulates block sampling by
matching students on covariates related both to a studentʼs likelihood of using Zearn Math
consistently and their academic performance (Blackwell et al., 2009; Iacus et al., 2011).

A QED study must satisfy several criteria to meet the WWC standard of “Meets WWC Standards with
Reservations.” The first is that the outcomemeasure “meets four standards: (1) face validity, (2)
reliability, (3) not over aligned with the intervention, and (4) consistent data collection procedures”
(What Works Clearinghouse, 2022). In this study, the primary outcome is math achievement on the
Tennessee Comprehensive Assessment Program (TCAP). WWC considers standardized tests that are
routinely administered in educational settings, like the TCAP, to meet these standards.

The next criteria is the elimination of confounding factors (What Works Clearinghouse, 2022). By
matching fidelity users to non-users within five scale score points on their pre-score for both math and
ELA on the TCAP, as well as at least six of nine other student characteristics: district, school, gender,
race, economic disadvantage status, English learner status, special education status, gi�ed status, and
chronically out of school status, the design of this study creates two groups that are academically and
demographically similar on the most relevant andmeasurable confounding factors that would impact
academic growth.

While CEM allows researchers to control for observed confounders, a possibility exists that there are
unmeasured factors that differentiate the comparison groups of students who reach fidelity and those
with no usage. For example, it is possible that an unmeasured characteristic allows fidelity users to
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reach higher usage than would be possible for non-users. However, this type of unmeasurable
attribute is what WWC refers to as “imperfect overlap in the characteristic between the conditions”
which they term a selection mechanism, not a confounding factor (2020, p. 82).

This possibility of an unmeasured characteristic that could bias estimates is similar to an example
provided by WWC of a program based on voluntary enrollment in which students who volunteer could
differ from those who did not in hard-to-measure qualities like introversion vs. extroversion. It clarifies
that “the WWC does not consider this to be a confounding factor, but the selection mechanism and
potential difference in unmeasured characteristics are reasons that QEDs are limited to a rating of
Meets WWC Group Design Standards with Reservations, if the baseline equivalence requirement is
satisfied” (2020, p. 82).

The final criteria for a quasi-experimental study to meet WWC Standards with Reservations is
illustrating baseline equivalence between treatment and control groups. This can be done with a
pre-intervention measure that is the same as the outcomemeasure (2022). In this case, TCAPmath
scores are used as a pre-intervention measure of baseline equivalence and as the outcomemeasure of
the study.

According to WWC, baseline differences < .05 of a standard deviation satisfy baseline equivalence
without adjustment. Differences < .25 of a standard deviation satisfy baseline equivalent with
statistical adjustment. Difference-in-difference is an acceptable statistical adjustment (2022). All
groups across all analyses in this study meet the criteria for baseline equivalence either without or
with adjustment.

The one-year CEM and dose response analyses have sample sizes that exceed 350. The long-term
retention analysis did not (see Appendix B Table B1 for sample sizes for each analysis). In addition, the
study must have been conducted in more than one school. This study spans 400 treatment schools,
with an additional 779 schools of the 1,117 total control schools.

© Zearn 2022 58 / 59



Technical Appendix: Efficacy analysis of Zearn Math in Tennessee

Table B1_

Sample Size, by Subgroup, for All Quasi-Experimental Studies
Sample size of all Tennessee analyses

Treatment sample Control sample Total sample

One-year CEM 1,537 1,537 3,074

Dose Response 25-29 lessons 1,982 1,982 3,964

Dose Response 30-59 lessons 6,126 6,126 12,252

Dose Response 60-89 lessons 2,673 2,673 5,346

Long-term retention 170 170 340

Finally, findings must be statistically significant and there can be “no strong negative findings from
experimental or quasi-experimental studies” (Regional Educational Laboratory at American Institutes
for Research, 2019, p. 2). Results from this study show statistically significant positive impacts from the
implementation of Zearn Math. There have been no strong negative findings from other experimental
or quasi-experimental studies, while there have been statistically significant positive findings from
other QED Zearn studies (see 2022a, 2022b, 2022c; Szatrowski, 2022a, 2022b, 2022c; Szatrowski et al.,
2022; Rickel, 2023, Rickel et al., 2023).
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