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Significance

 American students continue to 
fall behind in math. Aiming to 
improve math achievement 
among nearly 3 million 
elementary students, we 
conducted a megastudy with 
more than 140,000 teachers in 
partnership with Zearn Math, a 
nonprofit educational platform. 
The most effective of 15 email 
interventions prompted teachers 
to log into the platform’s 
dashboard weekly to check their 
students’ progress. This 
intervention increased students’ 
math progress by 5.06% during 
the 4-wk intervention (3.30% 
after adjusting for the winner’s 
curse). Emails that referenced 
data specific to a teacher’s 
students (vs. those without) 
boosted progress by 2.26%,  
with effects lasting 8-wk  
post-intervention. These findings 
underscore both the difficulty of 
changing behavior and the need 
for large-scale, rigorous, 
empirical research.
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In response to the alarming recent decline in US math achievement, we conducted a 
national megastudy in which 140,461 elementary school teachers who collectively taught 
2,992,027 students were randomly assigned to receive a variety of behaviorally informed 
email nudges aimed at improving students’ progress in math. Specifically, we partnered 
with the nonprofit educational platform Zearn Math to compare the impact of 15 different 
interventions with a reminder-only megastudy control condition. All 16 conditions entailed 
weekly emails delivered to teachers over 4-wk in the fall of 2021. The best-performing 
intervention, which encouraged teachers to log into Zearn Math for an updated report on 
how their students were doing that week, produced a 5.06% increase in students’ math 
progress (3.30% after accounting for the winner’s curse). In exploratory analyses, teachers 
who received any behaviorally informed email nudge (vs. a reminder-only megastudy con-
trol) saw their students’ math progress boosted by an average of 1.89% during the 4-wk 
intervention period; emails referencing personalized data (i.e., classroom-specific statistics) 
outperformed emails that did not by 2.26%. While small in size, these intervention effects 
were consistent across school socioeconomic status and school type (public, private, etc.) 
and, further, persisted in the 8-wk post-intervention period. Collectively, these findings 
underscore both how difficult it is to change behavior and the need for large-scale, rigorous, 
empirical research of the sort undertaken in this megastudy.

megastudy | math achievement | nudging | field experiment

  American students continue to fall behind in math. Compared to students in other developed 
countries, Americans have ranked in the bottom 25% of students globally on standardized 
tests of mathematics for decades ( 1 ). During the COVID-19 pandemic, math scores for 
students in elementary and middle school experienced their most dramatic drop since the 
National Assessment of Educational Progress began annually evaluating student performance 
in representative national samples in 1990 ( 2 ). By the spring of 2022, the average US public 
school student in grades 3 to 8 had lost the equivalent of a half-year of learning in math ( 3 ).

 Learning math depends in part on student motivation, and behaviorally informed inter-
ventions targeting students’ motivation have previously proven effective at boosting math 
performance. For instance, asking students to give motivational advice improves their math 
grades the following marking period ( 4 ). Likewise, learning that intelligence can grow 
improves math grades, especially for underperforming students ( 5 ). However, the pace at 
which students’ progress in math also depends on contextual factors not directly under their 
control—such as how their classroom teachers allocate instructional time and what teachers 
say and do in the classroom ( 6 ). Thus, teachers are a logical target for behaviorally informed 
interventions ( 7 ). Unfortunately, randomly assigning teachers to interventions, as opposed 
to randomly assigning students, massively increases the scale required for a fully powered 
experiment. The cost of mounting fully powered, large-scale intervention studies targeting 
teacher behavior is substantial and has limited past research of this type.

 In this article, we present the results of a megastudy aimed at improving math achieve-
ment. A megastudy is a large field experiment that simultaneously tests a variety of 
interventions developed by different scientific teams targeting theoretically distinct mech-
anisms, providing an apples-to-apples comparison of efficacy by doing so in the same 
sample and with the same preregis tered outcome ( 8 ,  9 ). The megastudy paradigm has 
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previously been applied to noneducational outcomes, including vac-
cination ( 10   – 12 ), physical exercise ( 13 ), and democratic atti-
tudes ( 14 ).

 In this megastudy, 156 behavioral scientists were invited to 
attend an informational webinar and then to submit ideas for 
nudges (i.e., interventions aimed at changing behavior without 
mandates, bans, or substantial financial incentives) to be delivered 
via four weekly emails to elementary school teachers. Invited sci-
entists were members of Behavior Change For Good (BCFG), an 
interdisciplinary network of scholars who specialize in positive 
behavior change. Proposals were screened for feasibility and, sub-
sequently, fully developed in collaboration with BCFG and Zearn 
Math staff. As shown in  Table 1  and elaborated in SI Appendix, 
Table S1 , this process led to a variety of theoretically distinct, 
behaviorally informed interventions. One intervention, for exam-
ple, employed planning prompts, encouraging teachers to plan 
their Zearn Math lessons for the week ahead using a printable 
calendar; another appealed to teachers’ identities as empathic, 
encouraging them to take their students’ perspectives when 
 accessing the Zearn Math portal. See SI Appendix, Table S1  for 
the  theoretical rationale of each treatment. 

 In fall 2021, more than 140,000 elementary school teachers 
instructing nearly 3 million students were randomly assigned to 
receive one of 15 different sets of behaviorally informed emails (or 
a reminder-only megastudy control email) over 4-wk. The primary 
outcome was the average number of lessons these teachers’ students 
completed on the Zearn Math platform during this intervention 
period. Zearn Math is a nonprofit, online math instruction platform 
used by roughly 25% of US elementary school students ( 15 ). 
Teachers using Zearn Math assign students to complete lessons on 
the platform during regular school hours. Upon logging in, students 

engage in guided lesson activities designed to enhance their under-
standing of mathematical concepts and procedures. All Zearn Math 
lessons include fluency games, videos led by on-screen teachers with 
pause points to solve math problems, and a closing mastery-based 
quiz on which students must score 100% in order to advance to 
the next lesson. Quasi-experimental evidence shows that program-
matic use of Zearn Math predicts increases in state-wide standard-
ized math achievement test scores ( 16 ). 

Methods

This research study was granted exempt status by The University of Pennsylvania’s 
Institutional Review Board (IRB). No data Zearn Math provided for this research 
included personally identifying information about teachers or students.*

A total of 19 behavioral scientists and 2 educators designed 15 different sets 
of weekly intervention emails to be sent to Zearn Math teachers once per week 
during our megastudy’s 4-wk intervention period (shown in Table 1). Each week, 
email content was repeated in the “What’s New” section of the Zearn Math teacher 
dashboard, a feature of the Zearn Math platform that teachers can log into for 
announcements and to view personalized data specific to their students. Note 
that by design, students can access Zearn Math without their teachers logging 
into this dashboard. See SI Appendix for details on the content and theoretical 
rationale of the 15 intervention conditions and the reminder-only megastudy 
control condition.

To incentivize teachers to read email messages, all teachers on the Zearn 
Math platform received two study-wide messages on September 1 and 8, 2021, 

Table 1.   Description of megastudy conditions
Condition Description

 1. Nudging Weekly Logins  Teachers are prompted to log in to check their students’ progress weekly (sent on 
Wednesdays)

 2. Comparing This Week to Last Week  Teachers receive a comparison of their students’ progress this week vs. last week

 3. Nudging Friday Logins  Teachers are prompted to log in on Fridays to check their students’ progress weekly 
(sent on Fridays)

 4. Empathy  Teachers are prompted to view the platform from their students’ perspective and to 
empathize with students

 5. �Comparing Own Students to Other 
Students

 Teachers receive a comparison of their students’ progress this week vs. progress of 
other students in the same grade

 6. Weekly Classroom Dashboard  Teachers receive a weekly report on their students’ progress that week (without Zearn 
Math Giveaway mentioned)

 7. Performance Goals  Teachers are given tips for encouraging students to reach performance goals

 8. �Digital Swag w/ Celebrity 
Endorsement

 Teachers are offered classroom posters and other materials with selfies of high-profile 
celebrities

 9. Math Teaching Tips  Teachers are given tips on how to most effectively teach math

 10. Planning Prompt w/ Printout  Teachers are prompted to plan their Zearn Math lessons for the week ahead with a 
printable daily lesson scheduler

 11. �Weekly Classroom Dashboard w/ 
Giveaway Mentioned

 Teachers receive a weekly report on their students’ progress that week (with Zearn Math 
Giveaway mentioned)

 12. Learning Goals  Teachers are given tips for encouraging students to reach learning goals

 13. �Alerts about Students Who Are 
Struggling

 Teachers are prompted to log in and check which students are struggling with a lesson

 14. �Digital Swag w/o Celebrity 
Endorsement

 Teachers are offered classroom posters and other materials (without selfies of high-
profile celebrities)

 15. Planning Prompt w/o Printout  Teachers are prompted to plan their Zearn Math lessons for the week ahead (without a 
printable daily lesson scheduler)

 Reminder-Only Megastudy Control  Teachers are reminded that reading Zearn Math emails earned them raffle tickets
Note. See SI Appendix, Table S1 for the theoretical rationale for each condition.

﻿*  Note that in accordance with Zearn Math's Privacy Policy and partner contracts, we did 
not receive any students’ personal information (such as individual students’ Zearn Math 
progress), nor did we receive identifiable teacher information. To ensure the confidentiality 
of students’ personal information, we only received aggregate, classroom-level 
information.D
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informing them that they had been enrolled in the “Zearn Math Giveaway” and 
that for every email from Zearn Math they opened until October 12, 2021, they 
would earn raffle tickets. The more raffle tickets teachers earned, the higher their 
chances of winning prizes, including autographed children’s books, stickers, and 
gift cards (see SI Appendix for details).

Teachers were randomized into one of the 15 intervention conditions or the 
megastudy control condition, which simply reminded teachers to “keep Zearning” 
and that reading Zearn Math emails earned them raffle tickets. As shown in 
Fig.  1, all email messages were sent weekly, starting Wednesday, September 
15, 2021, and concluding on Tuesday, October 12, 2021. Zearn Math provided 
daily classroom-level data on students’ average Zearn Math lessons completed 
during the 4-wk intervention (i.e., weeks 1 to 4) and 8-wk post-intervention 
periods (i.e., weeks 5 to 12).

Megastudy Analyses. Following our megastudy’s preregistered analysis plan 
(https://osf.io/dgpkn), we restricted analyses to Zearn Math teachers who were 
assigned to one of our megastudy’s 16 conditions and who taught in at least one 
classroom with at least one student during the 4-wk intervention period. As prereg-
istered, we excluded teachers who: a) did not receive any emails because they had 
inactive accounts, invalid email addresses, or had opted out of receiving messages, 
b) neither logged in to the Zearn Math platform nor had an associated student who 
logged in to the platform between March 1, 2021, and September 14, 2021, c) had 
more than 150 students associated with their Zearn Math account as of October 18, 
2021,† or d) had more than 6 classes associated with their Zearn Math account as of 
October 18, 2021. We further excluded Zearn Math classrooms that e) were associ-
ated with more than one Zearn Math teacher and f) had grade levels corresponding 
to high school or post-high school. The number of teachers excluded following 
these preregistered criteria did not differ by condition; see SI Appendix for details.

A total of N = 140,461 teachers instructing 2,992,027 students in 161,719 
classrooms across over 22,000 schools were assigned to one of 15 intervention 
conditions (nmin = 7,238, nmean = 7,397, nmax = 7,578) or the reminder-only 
megastudy control condition (n = 29,513), which included more teachers than 
the intervention conditions in order to increase statistical power. Unexpectedly, for 
n = 16,372, or 11.66% of teachers, at least one of two errors arose in the emails 
sent by Zearn Math during the intervention period: a) none of the intervention 
emails we intended to send them were sent (n = 13,568, or 9.66% of teachers), 
or b) an intervention email we did not intend to send was sent (i.e., its content 
was from an intervention condition other than the one to which the teacher was 
assigned; n = 2,804, or 2.00% of teachers). Because whether a teacher experi-
enced an email error was systematically related to condition assignment [χ2(15) =  
33.01, P = 0.005], we followed an intent-to-treat approach in our main analy-
ses to avoid endogeneity. See SI Appendix for details on the prevalence of email 
problems by condition, as well as robustness analyses excluding and adjusting for 
teachers who were subject to these email errors (SI Appendix, Tables S4 and S5); in 
general, supplementary analyses yielded similar point estimates of intervention 
effects to those in our main analyses, but standard errors were larger.

Following our preregistered analysis plan, we fit a weighted ordinary least 
squares (OLS) regression model to assess the effect of condition assignment on 
the primary outcome of interest: average Zearn Math lessons completed by stu-
dents in a given teacher’s classroom(s) during the 4-wk intervention period. In this 
regression model, observations were weighted proportionally to the total number 
of students in teachers’ classroom(s). The primary predictors were indicators for 
each of our megastudy’s 15 intervention conditions (with the reminder-only 
megastudy control condition omitted as the comparison group). The regression 
model also included the following preregistered control variables, which did not 
differ by condition: a) school fixed effects,‡ b) an indicator for whether the teach-
er’s account was free (vs. paid) as of October 18, 2021,§ c) the number of times 
the teacher had logged in to Zearn Math in the month-and-a-half prior to the 

megastudy (from August 1 to September 14, 2021, inclusive), d) the total number 
of students in the teacher’s classroom(s) as of October 18, 2021, e) the number 
of classrooms associated with the teacher as of October 18, 2021, f) the number 
of days since the teacher obtained a Zearn Math account prior to the megastudy’s 
launch, g) the number of days separating the megastudy’s launch and the start 
of the teacher’s school year, h) the total average lessons completed by a teacher’s 
students preintervention,¶ i) an indicator for whether the teacher opened our 
September 1, 2021, email announcing the upcoming Zearn Math Giveaway, j) an 
indicator for whether the teacher opened our September 8, 2021, email remind-
ing them of the upcoming Zearn Math Giveaway, and k) separate controls for the 
percentage of a teacher’s students in each grade, respectively (omitting the largest 
category, third grade, to avoid multicollinearity).# We calculated P values with and 
without adjustment for multiple comparisons using the Benjamini–Hochberg 
(BH) procedure (17).

As preregistered, we also examined the durability of intervention effects after 
the conclusion of the 4-wk intervention period (i.e., weeks 1 to 4). To do this, we 
reran our primary weighted OLS regression models to predict the average num-
ber of math lessons students completed in a given teacher’s classrooms during 
weeks 5 to 8 and during weeks 9 to 12 (see Fig. 1 for an intervention timeline).

As preregistered, to examine heterogeneity in intervention effects across sub-
groups, we also reran our primary weighted OLS regression models by subgroup 
(e.g., fourth grade vs. fifth grade) and, separately, reran our primary models with 
added interaction terms between intervention condition indicators and indicators 
for subgroups.

Finally, we examined two preregistered secondary dependent variables using 
the same primary OLS regressions described above. These secondary dependent 
variables were a) student engagement, measured as the average minutes teach-
ers’ students spent on the Zearn Math platform during the 4-wk intervention and 
b) teacher engagement, measured as the number of times teachers logged in to 
their Zearn Math dashboards during the 4-wk intervention period.

Attribute and Forecasting Analyses. Email content from each condition var-
ied on several underlying attributes. To characterize the subjective attributes of 
these conditions, we recruited 1,752 raters from Prolific. Each rater was randomly 
assigned to evaluate one of the 15 intervention conditions or the reminder-only 
megastudy control condition. Based on four weekly emails, raters evaluated 
their assigned condition on 8 different dimensions (using a rating scale ranging 
from 1 = strongly disagree to 5 = strongly agree): usefulness, expectedness, 
positive mood, emotional connection, surprisingness, casual tone, forwarda-
bility, and specificity (i.e., the degree to which “these emails are specific to a 
teacher and their classroom”; see SI Appendix, Table S8 for details). One-way 
random-effect intraclass correlation coefficients for all dimensions were higher 
than 0.80 [ICC(1, k) = 0.81]—indicative of good reliability (see SI Appendix, 
Table S9 for details).

To identify objective attributes, two trained raters coded conditions on 13 
different features: a) word count, b) the number of exclamation marks, c) the 
number of questions, d) Flesch-Kincaid reading level, e) whether emails were sent 
on Wednesdays, f) whether emails were sent on Sundays, g) whether emails men-
tioned the Zearn Math Giveaway, h) whether any emails included links to printable 
material, i) whether any emails included graphics/icons, j) the number of weeks 
that emails included teacher testimonials, k) the number of weeks that emails 
mentioned science or research, l) the number of weeks that emails mentioned a 
“tip,” and m) whether any emails referenced personalized data that were specific 
to a teacher’s students either directly in the email body or indirectly by linking to 
personalized resources. Our trained raters achieved 100% agreement on these 
objective attributes for each condition (see SI Appendix, Table S7 for details).

Finally, to assess the ex-ante predictability of this megastudy’s results, we also 
collected forecasts of each intervention’s impact on the primary outcome (the 

﻿†  Note that in some schools, class rosters and teacher assignments are automatically gen-
erated through a database integration with Zearn Math. As a result, Zearn Math’s “teacher” 
database may include some individuals who are actually administrators. To ensure the 
accuracy of our analyses, we exclude any accounts associated with more than 150 students 
or more than 6 classes, as these are likely to belong to administrators rather than classroom 
teachers.
‡Each school with more than one teacher and a Zearn Math school ID has a unique fixed 
effect. Schools with only one teacher were assigned a common fixed effect, homeschools 
were assigned a common fixed effect, international schools without a Zearn Math school 
ID were assigned a common fixed effect, and unknown/other schools without a Zearn Math 
school ID were assigned a common fixed effect.

﻿§  Note that teachers with a “free account” were teachers who independently signed up for 
the Zearn Math platform, whereas teachers with a “paid account” were teachers whose 
schools or districts had purchased a license for the platform.
¶The preintervention period began on the first day of the teacher’s school year and 
ended on September 14, 2021. If the teacher’s school year’s start date was unknown, we 
a) substituted the earliest start date among all teachers in the study, which was July 14, 
2021, and b) created a separate indicator variable noting that their start date was missing.
#If a single classroom was associated with multiple grades between 1 and 8, we a) set the 
classroom grade to 3—the modal grade—and b) created a separate indicator variable 
noting that at least one of the teacher’s classrooms was associated with multiple grades.D
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average number of Zearn Math lessons all of a teacher’s students completed per 
week during the 4-wk intervention period). We collected these forecasts from a) 
15 behavioral scientists involved in designing the interventions (who had not yet 
been made aware of the megastudy’s results in Table 2), b) 29 Zearn Math staff 
members (preregistration: https://osf.io/2efnw), and c) 100 US elementary school 
teachers recruited through Qualtrics (preregistration: https://osf.io/3mqfh). See 
SI Appendix for details.

In one megastudy intervention condition (Alerts about Students Who Are 
Struggling), teachers received a different email message depending on whether 
any of their students were stalled in their progress on the Zearn Math platform 
in the week prior. Because stalled progress is potentially endogenous to condi-
tion assignment (i.e., the type of message received depends on whether stalled 
progress existed in any particular classroom), we excluded this intervention arm 
from attribute and forecasting analyses presented in the main text. As a robust-
ness check, however, we ran the same analyses including these observations 
(weighting attributes and forecasts by the number of messages sent out for a 
given version of the email intervention in the Alerts about Students Who Are 
Struggling condition; see SI Appendix for details), and we confirmed that our 
results were not meaningfully changed.

Results

 Teachers in our megastudy taught an average of 21.30 students 
(SD = 15.31) across an average of 1.15 classrooms (SD = 0.59). 
During the six weeks prior to our intervention (from August 1 to 
September 14, 2021), teachers logged in to the Zearn Math dash-
board a total of 3.62 times, on average (SD = 8.49). On average, 
teachers opened 25.08% of emails (SD = 33.87%), and open rates 
did not differ significantly by condition (P  = 0.16). ||   For complete 
summary statistics describing our study sample, see SI Appendix . 
As shown in SI Appendix, Table S2 , megastudy control variables 
did not differ by condition (P﻿-values from all F  tests > 0.05). 

Comparison of Interventions. In a preliminary, non-pre-
registered analysis reported in Model 1 in Table  2, megastudy 
intervention messages led students to complete an average of 0.03 
more lessons than students in the megastudy control condition, a 
1.89% increase (Cohen’s d = 0.01, P = 0.02). Specifically, students 
in the reminder-only megastudy control condition completed a 
regression-estimated average of 1.78 lessons during the 4-wk 
intervention period,** whereas students in the 15 intervention 
conditions completed a regression-estimated average of 1.81 
lessons during this period. Preregistered F-tests allow us to reject 
the null hypothesis that the effects of all 15 interventions are equal 
to zero [χ2(15) = 27.09, P = 0.03], and to reject the null hypothesis 
that 15 effects have the same true value at marginal significance 
[χ2(14) = 21.89, P = 0.08].

 As shown in  Fig. 2  and Model 2 in  Table 2 , four interventions 
produced significant benefits before adjusting for multiple hypothesis 

testing. However, only one intervention remained significant after 
applying a BH-correction for testing multiple hypotheses: Nudging 
Weekly Logins. This intervention encouraged teachers to log into 
their Zearn Math dashboard weekly to get an updated report on how 
their students were performing (see  Fig. 3 ). While reliable, the effect 
of this intervention was nevertheless small in size, generating only 
an estimated 0.09 extra completed lessons in four weeks, or a 5.06% 
increase in lessons completed over the reminder-only megastudy 
control (d  = 0.02, unadjusted P  = 0.002, BH-adjusted P  = 0.03). 
When we apply the James–Stein shrinkage procedure to adjust for 
the winner’s curse (i.e., the maximum of the 15 intervention effects 
estimated is upwardly biased), we still estimate that this intervention 
produced 0.06 extra lessons completed, or a 3.30% increase in les-
sons completed over the reminder-only megastudy control condition 
( 18 ). However, we cannot rule out with 95% confidence that a dif-
ferent intervention with a positive regression-estimated effect (from 
Interventions 2 to 12) was the true top performer (see SI Appendix, 
Table S25  for details).                  

Attribute Analyses. Because our megastudy conditions differed 
on multiple attributes, in preregistered exploratory analyses, we 
examined sets of correlations between a) 15 of our 16 regression-
estimated megastudy condition effects (see Model 2 in Table 1, 
and note that the omitted control condition’s estimated effect is 
0.00)†† and b) each of the 21 message attributes coded by at least 
two independent raters.

 The only objectively coded attribute that showed a statistically 
significant association with a condition’s regression-estimated 
effect was whether emails referenced personalized data specific to 
a teacher’s students, either directly in the email body (e.g., “Last 
week, your students completed 2.1 lessons and spent 15.3 min 
on Zearn Math. Let’s raise the bar this week!”) or indirectly by 
hyperlinking to the Zearn Math teacher dashboard (e.g., “Check 
the Pace Report for your students today!”) [r (13) = 0.70, P  = 
0.004]. As might be expected, Prolific raters evaluated interven-
tions that referenced personalized data as more “specific to a 
teacher and their classroom” (M  = 3.81, SD = 0.56) than those 
that did not [M  = 2.62, SD = 0.22, t (13) = 4.92, d  = 2.59, P  < 
0.001]. Notably, this specificity rating was the only subjectively 
coded attribute that showed a significant association with 
regression-estimated intervention effects [r (13) = 0.55, P  = 0.03; 
 Fig. 4 ]. ‡‡          

 In an exploratory analysis that was not preregistered, interven-
tions that referenced personalized data led students to complete 
0.04 more lessons (2.26% increase; d  = 0.02, P  = 0.001) during 
the 4-wk intervention period than interventions that did not. See 
Model 3 in  Table 2 .  

Fig. 1.   Timeline of the megastudy.

﻿||  Note that email open rates may not be accurate because some email platforms do not 
provide reliable data on whether the recipient actually opened the email. Additionally, some 
platforms have a preview function that allows recipients to read the email without opening 
it.
**All analyses reflected student-weighted estimates (i.e., weighted by the number of 
students per teacher), incorporated fixed effects for schools, and controlled for mean-
centered covariates using the mean of the megastudy control.

‡‡In robustness checks, we confirmed that these analyses yielded similar results whether 
emails included personalized data directly or, instead, included a hyperlink to personalized 
data on the Zearn Math dashboard.

﻿††  As noted in Methods, we excluded the intervention Alerts about Students Who Are 
Struggling in order to avoid endogeneity problems because the receipt of one version of 
this message would signal to a rater that a student was performing poorly.
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Post-intervention Effects. To examine the durability of intervention 
effects after the conclusion of the 4-wk intervention period (i.e., 
weeks 1 to 4 post-launch, see Fig. 1), we reran our three primary 
regression models but replaced our dependent variable with the 
average number of Zearn Math lessons students completed in a 
given teacher’s classroom(s) during weeks 5 to 8 (Models 1 to 3 
in SI Appendix, Table S12) and during weeks 9 to 12 (Models 4 

to 6 in SI Appendix, Table S12). As shown in Models 1 and 4 in 
SI Appendix, Table S12, the intervention messages had a significant 
impact during weeks 5 to 8 (additional lessons completed = 0.03, 
1.81% increase; d = 0.01; P = 0.04) and during weeks 9 to 12 
(additional lessons completed = 0.03, 2.42%, increase; d = 0.02; 
P = 0.01). As shown in Models 2 and 5 in SI Appendix, Table S12, 
Nudging Weekly Logins showed a directional BH-adjusted impact 

Table 2.   Regression-estimated impact of 15 interventions on the average number of Zearn Math lessons students 
completed in a given Zearn Math teacher’s classroom(s) during the 4-wk intervention period, either pooling all 
interventions (Model 1), breaking out all interventions individually (Model 2), or pooling the interventions that 
referenced personalized data specific to a teacher’s students (Model 3)

Model 1 Model 2 Model 3

B P-value B P-value
Adjusted
P-value B P-value

 Assigned Any Intervention 0.034*
(0.015)

0.023

 1. Nudging Weekly Logins1﻿ 0.090**
(0.029)

0.002 0.029

 2. �Comparing This Week to Last Week1﻿ 0.069*
(0.030)

0.021 0.107

 3. Nudging Friday Logins1﻿ 0.067*
(0.029)

0.021 0.107

 4. Empathy1﻿ 0.063*
(0.029)

0.033 0.125

 5. �Comparing Own Students to Other 
Students1﻿

0.055
(0.030)

0.064 0.177

 6. Weekly Classroom Dashboard1﻿ 0.053
(0.029)

0.071 0.177

 7. Performance Goals1﻿ 0.047
(0.030)

0.111 0.239

 8. �Digital Swag w/ Celebrity 
Endorsement2﻿

0.026
(0.029)

0.379 0.583

 9. Math Teaching Tips2﻿ 0.026
(0.029)

0.379 0.583

 10. Planning Prompt w/ Printout2﻿ 0.025
(0.029)

0.389 0.583

 11. �Weekly Classroom Dashboard w/ 
Giveaway Mentioned1﻿

0.021
(0.029)

0.477 0.650

 12. Learning Goals1﻿ 0.004
(0.029)

0.897 0.897

 13. �Alerts about Students Who Are 
Struggling1﻿

−0.011
(0.029)

0.709 0.760

 14. �Digital Swag w/o Celebrity 
Endorsement2﻿

−0.012
(0.029)

0.679 0.760

 15. �Planning Prompt w/o Printout2﻿ −0.015
(0.029)

0.620 0.760

 Assigned an Intervention Referencing 
Personalized Data1﻿

0.040***
(0.012)

0.001

 R-squared 0.685 0.686 0.685

 School fixed effects 14,942 14,942 14,942

 Comparison condition(s) Control condition Control condition Conditions without  
personalized data

 Observations 140,461 140,461 140,461
Note. This table reports the results of three OLS regressions predicting the average number of Zearn Math lessons completed by teachers’ students on the Zearn Math platform during 
the 4-wk intervention period, weighted proportionally to the total number of students in their Zearn Math classroom(s). In Model 1, we include a single pooled intervention indicator for 
whether a teacher was assigned to any of 15 intervention conditions (with the reminder-only megastudy control condition as the comparison group). In Model 2, we include 15 different 
indicators for each of our megastudy’s intervention conditions (with the reminder-only megastudy control condition as the comparison group). In Model 3, we include a single indicator 
for whether a teacher was assigned to any intervention for which emails referenced personalized data specific to a teacher's students either (directly in the email body or indirectly by 
linking to personalized resources) with the conditions without personalized data, including the reminder-only megastudy control condition, as the comparison group. The superscript “1” 
denotes an intervention for which emails referenced personalized data; the superscript “2” denotes an intervention for which emails did not reference personalized data. All regressions 
include the set of control variables and school fixed effects reported in the manuscript’s Methods section. R-squared represents the total R-squared, accounting for the effects of all 
variables and the fixed effects. Standard errors are reported in parentheses. Statistical tests of whether an individual regression coefficient is zero are all two-sided. Adjusted P values are 
calculated using the Benjamini–Hochberg (BH) method to account for multiple comparisons. *P < 0.05, **P < 0.01, ***P < 0.001
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on student progress during weeks 5 to 8 (additional lessons 
completed = 0.08, 4.49% increase; d = 0.02; unadjusted P = 0.01, 
BH-adjusted P = 0.11) and a marginally significant BH-adjusted 
impact during weeks 9 to 12 (additional lessons completed = 0.07, 
5.31% increase; d = 0.02; unadjusted P = 0.004, BH-adjusted  
P = 0.06). As shown in Models 3 and 6 in SI Appendix, Table S12, 
intervention emails with personalized data improved student 
progress during weeks 5 to 8 (additional lessons completed = 
0.03, 1.60% increase; d = 0.01; P = 0.03) and weeks 9 to 12 
(additional lessons completed = 0.02, 1.72% increase; d = 0.01; 
P = 0.02).

Heterogeneity in Intervention Effects, Analyses of Secondary 
Dependent Variables, and Robustness Checks. Following our 
preregistration, we explored how intervention effects differed 
across nine subgroups (e.g., school type: public, private, 
Catholic, etc.; proportion of students eligible to receive free 
or reduced-price meals (median split); classroom grade level). 
Then, to assess the reliability of observed subgroup differences, 
we added interaction terms (between subgroup variable(s) 
and intervention condition indicators) to Model 1, Model 2, 
and Model 3, respectively. For each of these 27 models, we 
tested the joint hypothesis that all interaction terms equaled 
zero. When accounting for multiple comparisons using the 
Benjamini–Yekutieli correction (19), two of these tests were 
statistically significant: In Model 3, the effect of personalized 
(vs. nonpersonalized) interventions was larger for teachers with 
paid (vs. free) Zearn Math accounts (F = 14.27, unadjusted  
P < 0.001, BY-adjusted P = 0.02). And in Model 2, the social 
comparison intervention produced larger gains in student 
achievement for students whose teachers had paid (vs. free) Zearn 
Math accounts (F = 2.55, unadjusted P < 0.001, BY-adjusted  
P = 0.04). While we hesitate to interpret these exploratory 
results, it is worth noting that schools and districts that purchase 
Zearn Math accounts for their teachers can be assumed to 
make this digital platform a more central component of math 
instruction. Indeed, teachers with paid (vs. free) Zearn Math 
accounts logged in to their dashboards 155% more frequently 
and had students who completed 89% more lessons per week 

and engaged with the Zearn Math platform for 95% more 
minutes per week (Ps < 0.001, SI Appendix, Table S14). See 
SI Appendix for details.

Fig. 2.   Regression-estimated increase in the aver-
age number of Zearn Math lessons students com-
pleted in a given Zearn Math teacher’s classroom(s) 
during the 4-wk intervention period. Note. Whiskers 
depict 95% confidence intervals (CIs) without cor-
rection for multiple comparisons. The superscript 
“1” on a y-axis label denotes an intervention for 
which emails referenced personalized data specific 
to a teacher’s students; the superscript “2” denotes 
an intervention for which emails did not reference 
personalized data.

Fig. 3.   A sample email message from the Nudging Weekly Logins intervention.D
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 Following our preregistration, we reran our three primary regres-
sion models (from  Table 2 ) focusing on two secondary outcomes 
that were not the explicit target outcome for the  megastudy.  
For the secondary outcome of student engagement (defined as the 
average minutes teachers’ students spent on the Zearn Math plat-
form during the 4-wk intervention), these models produced results 
that were similar to those in our primary models predicting stu-
dent achievement. For the secondary outcome of teacher engage-
ment (defined as the number of times teachers logged in to their 
Zearn Math dashboards during the 4-wk intervention period), 
however, none of the three models produced significant results, 
which may reflect the fact that by design, students can use Zearn 
Math without their teacher logging in to their dashboard. See 
﻿SI Appendix, Tables S15 to S20 .

 In robustness checks, we adhered to our preregistration and reran 
our three primary models using a count data regression framework 
for student achievement and teacher engagement. Results were 
largely unchanged. See SI Appendix, Tables S21 to S24 .  

Forecasting of Intervention Efficacy. All forecasts of intervention 
efficacy collected were overly optimistic. Scientists who collaborated 
on intervention designs predicted that compared to the reminder-
only megastudy control, the 14 interventions they were asked to 
evaluate would produce an average of 1.07 extra math lessons 
completed during the intervention period (SD = 1.22, 59.51% 
increase, median of 0.41 extra lessons), when in reality they 
produced an average of 0.03 extra lessons completed.§§ Likewise, 
Zearn Math staff predicted our average intervention would produce 
3.87 additional lessons completed (SD = 2.80, 215.09% increase, 
median of 2.82 extra lessons). Classroom teachers predicted 
our average intervention would produce 2.90 additional lessons 
completed (SD = 1.31, 144.86% increase, median of 2.89 extra 
lessons).

 Whereas forecasts for the average efficacy of interventions were 
optimistic by a factor of 30 or more, there was remarkable 
rank-order consistency in how scientists, Zearn Math staff, and 
classroom teachers predicted individual interventions would per-
form [scientists and staff: r (12) = 0.86, P  < 0.001; scientists and 
teachers: r (12) = 0.71, P  = 0.005; staff and teachers: r (12) = 0.66, 
﻿P  = 0.01]. Given limited degrees of freedom, it is not surprising 
that these forecasts failed to reliably predict the rank order of 
intervention efficacy [scientists r (12) = 0.28, P  = 0.33; staff r (12) = 
0.38, P  = 0.18; teachers r (12) = 0.07, P  = 0.81]. Nevertheless, 
behavioral scientists and Zearn Math staff accurately predicted 
that interventions that referenced personalized data would be more 
effective [scientists t (12) = 2.78, P  = 0.02; staff t (12) = 3.97,  
﻿P  = 0.002; teachers t (12) = 1.36, P  = 0.20].   

Discussion

 In this megastudy, we found that compared to standard email 
reminders, weekly behaviorally informed email messages to ele-
mentary school teachers very slightly improved their students’ 
math progress over the 4-wk intervention period (by 1.89%). The 
most effective intervention, which increased student math progress 
by about 5.06% over the 4-wk intervention period (or 3.30% 
after accounting for the winner’s curse), simply prompted teachers 
to log into Zearn Math weekly for an updated, personalized report 
on their students’ progress. More generally, email reminders ref-
erencing personalized data on student progress outperformed 
email reminders without personalized data, boosting students’ 
math progress during the 4-wk intervention period by about 
2.26%. These intervention effects were consistent across con-
texts—showing comparable benefits regardless of all measured 
moderators, including the proportion of low-income students in 
teachers’ schools. These small intervention effects remained nearly 
identical in magnitude and statistical significance in the eight 
weeks after we sent teachers their last intervention email. 
Collectively, the behaviorally informed reminders from the megas-
tudy intervention conditions resulted in students completing an 

Fig. 4.   Scatterplot illustrating the relationship between the degree of specificity to a teacher and their classroom in a condition and that condition’s regression-
estimated effect on students’ math progress. Note. This scatterplot displays the relationship between the 15 regression-estimated megastudy condition effects 
and 1,752 Prolific workers’ average ratings of the extent to which intervention emails were specific to a teacher and their classroom. Red triangles indicate the 
condition was objectively coded by trained raters as referencing personalized data specific to a teacher’s students; black circles indicate the condition did not 
reference such personalized data. 1: Nudging Weekly Logins, 2: Comparing This Week to Last Week, 3: Nudging Friday Logins, 4: Empathy, 5: Comparing Own 
Students to Other Students, 6: Weekly Classroom Dashboard, 7: Performance Goals, 8: Digital Swag w/Celebrity Endorsement, 9: Math Teaching Tips, 10: Planning 
Prompt w/Printout, 11: Weekly Classroom Dashboard w/Giveaway Mentioned, 12: Learning Goals, 14: Digital Swag w/o Celebrity Endorsement, 15: Planning 
Prompt w/o Printout, C: Reminder-Only Megastudy Control.

﻿§§  As noted in Methods, we excluded the intervention Alerts about Students Who Are 
Struggling in order to avoid endogeneity problems because the receipt of one version of 
this message would signal to a rater that a student was performing poorly.
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estimated 80,424 additional lessons during the 4-wk intervention 
period and an estimated 156,117 additional lessons during 8-wk 
follow-up. ¶¶  

 Notably, the impact of behaviorally informed reminders in our 
megastudy was surprisingly small: Students whose teachers received 
any type of behaviorally informed reminder outperformed students 
whose teachers received a standard reminder by only  
﻿d  = 0.01. This effect was at least 30 times smaller than forecasted 
by the behavioral scientists who designed interventions for the 
megastudy, by Zearn Math staff intimately familiar with the plat-
form’s operation, or by a sample of US elementary school teachers. 
Benchmarked against interventions in randomized controlled trials 
commissioned by the US Department of Education to increase 
standardized achievement outcomes ( 20 ), this effect was slightly 
below-average in size, falling between the 40th and 50th percentiles 
of the distribution. Likewise, this improvement (1.89%) falls short 
of the average (8.0%) effect of nudges carried out by government 
nudge units across a range of policy domains ( 21 ) and in the 
domain of education in particular ( 22   – 24 ). Further research should 
explore other, potentially more effective modalities for delivering 
reminders (e.g., postcards, text messages), other types of nudges 
(e.g., a default schedule, changes in school-wide social norms), and 
“wise interventions” that seek to change relevant beliefs. For 
instance, a 45-min online growth mindset activity for high school 
math teachers produced a d = 0.07 improvement on student course 
grades ( 25 ).

 Our findings suggest several additional valuable avenues for 
future research. First, more random-assignment field experiments 
are needed to confirm the causal benefits of teacher-targeted 
nudges. Because such interventions are difficult to implement at 
scale, we see particular promise for megastudies, which not only 
enable an apples-to-apples comparison of theoretically distinct 
approaches but also reduce the marginal cost of conducting field 
research for individual research teams. Second, future studies should 
probe the longer-term effects of behaviorally informed interven-
tions. Although we did not observe fadeout effects in the eight 
weeks following our 4-wk intervention period, many if not most 
educational interventions diminish in efficacy over time ( 26 ,  27 ), 
and given a longer follow-up period, we would expect the effects 
reported here to diminish as well. Further research is also needed 
to investigate whether short-term gains in performance lead to 

enduring, long-term gains in learning ( 28 ). Finally, in light of a 
recent study showing that personalized data do not appear to 
improve the efficacy of proenvironmental interventions ( 29 ), addi-
tional research is needed to confirm and explain the benefits of 
referencing personalized data when nudging teachers. If robust, the 
receptivity of teachers to information about how their own students 
are performing highlights a motivation that is not directly addressed 
by traditional policy approaches to teacher accountability. Namely, 
it may be that capitalizing on teachers’ intrinsic motivation to help 
their students is a distinct and potentially cost-effective approach 
that can complement other interventions, such as offering perfor-
mance bonuses and other extrinsic incentives ( 25 ).    

Data, Materials, and Software Availability. Anonymized csv files of anonymized 
datasets have been deposited in Open Science Framework (OSF) (https://osf.io/
gyhw2/?view_only=0be05c88030e4ab6ae5e6dd78ea5a08e) (30).
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