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Supplemental Material

Note: This Supplemental Material provides additional information about Study 2, including more details about study procedures and the results of secondary analyses.

Study 2: Additional Methods
Random assignment. Random assignment to condition was stratified on class year. See Table S1 for analyses of the effectiveness of random assignment on baseline characteristics. 
Missing values. For all but three students who did not provide demographic information on the end-of-course evaluation survey, we were able to obtain racial-ethnic background from institutional records. This additional demographic information was used for analyses in the Supplemental Material only. For one student, we were unable to obtain a previous performance score. The missing value was replaced with the mean previous performance score of other students from the the same gender and class year. Missing values were not replaced or imputed for outcomes.
Post-exam questionnaire. The written directions for the post-exam questionnaire, which included the measures of emotionality and worry, read: 
These questions are aimed at understanding the exam experience for students. Please only complete these questions once you have completed the rest of your exam. Because these questions are not technically part of your exam, you may even complete them after the exam time limit has expired. You may also choose to not complete these questions, although your responses are highly valued and appreciated.
In addition to the emotionality and worry items, the questionnaire included a few other questions, which varied by term. These questions were not focal to the present study. More information about them can be obtained from the authors upon request. 
Graded course assignments composing students’ final grade. As noted in the main text, students’ final grades were based on three exams (including Exam 1; 20% per exam), an end-of-course essay (10%), a research proposal writing project (20%), and discussion section participation (10%). 
Students completed Exam 2 during class three weeks after Exam 1. It consisted of 56 non-cumulative multiple-choice questions, each worth 1.5 points for a total of 84 points, and one short essay question, worth 16 points, for a total of 100 points. Students completed Exam 3 during a final examination period at the end of the term. It consisted of 60 non-cumulative multiple-choice questions, each worth 1.67 points for a total of 100 points. Students wrote the end-of-course essay during the same final examination period as Exam 3. The essay prompt asked students to integrate concepts discussed in different parts of the course.
The research proposal writing project was a four-phase assignment designed to help students develop skills relevant to creating, evaluating, and communicating psychological research. The first phase of the project was due approximately one week after Exam 1, and the final project paper was due during the last week of class. Discussion section participation was graded by a student’s teaching assistant and was based on discussion section attendance and participation. 
The grading of all written work (short essays, end-of-course essays, and writing projects) was supervised by the course coordinator (the second author), who coached the teaching assistants on the use of standardized grading rubrics and checked for consistency in the application of the rubrics to student performance. The course coordinator, like the teaching assistants, was blind to students’ condition assignments.
Reasons for withdrawing from the course or receiving an incomplete. Three students withdrew from the course for unknown reasons between Exam 1 and Exam 2. Three additional students received an incomplete because they did not complete Exam 3 during the final exam period. Two additional students received an incomplete because they did not finish the writing project before the end of the term. All of these students were in the standard condition.
Study 2: Additional Analyses
See Table S2 for academic experience and academic performance outcomes by condition and cohort.
Academic experience. As noted in the main text, women reported greater worry than men did, F(1, 404) = 5.16, p = .02. Given this, we conducted exploratory analyses to examine whether gender interacted with condition to predict emotionality or worry. We find evidence that it did. We first present effects for the overall sample and then separately by cohort. 
For the overall sample analyses, we conducted three-way (Condition x Cohort x Gender) ANOVAs controlling for prior performance. For emotionality, we observed a significant Condition x Gender interaction, F(1, 398) = 8.00, p = .005. Examination of the means indicated that women reported greater emotionality in the reappraisal condition (Mreappraisal = 3.68, SDreappraisal = 1.41) than in the standard condition (Mstandard = 3.23, SDstandard = 1.54); the opposite was true for men (Mreappraisal = 3.11, SDreappraisal = 1.24; Mstandard = 3.46, SDstandard = 1.49). The other interactions involving gender were non-significant, Fs < 1, ps > .45. For worry, there were no significant two-way or three-way interactions involving gender, Fs < 2.80, ps > .09.
For the analyses within cohort, we conducted two-way (Condition x Gender) ANOVAs controlling for prior performance. For upper-year students, there was a significant Condition x Gender for emotionality, F(1, 178) = 4.45, p = .04. Examination of the means suggested that the increase in reported emotionality due to the reappraisal message appeared to be specific to women (Mreappraisal = 2.89, SDreappraisal = 1.56; Mstandard = 3.70, SDstandard = 1.44); for men, mean ratings of emotionality were similar across conditions (Mreappraisal = 2.99, SDreappraisal = 1.36; Mstandard = 3.08, SDstandard = 1.52). There was no Condition x Gender interaction for worry, F < 1, p = .67.
For first-year students, there was a marginal Condition x Gender interaction for emotionality, F(1, 219) = 3.63, p = .06. Examination of the means suggested that the decrease in reported emotionality due to the reappraisal message appeared to be specific to men (Mreappraisal = 3.22, SDreappraisal = 1.16; Mstandard = 3.84, SDstandard = 1.38); for women, mean ratings of emotionality were similar across conditions (Mreappraisal = 3.66, SDreappraisal = 1.28; Mstandard = 3.58, SDstandard = 1.54). The main effect of condition on worry for first-year students (p = .004 in this model) was qualified by a significant Condition x Gender interaction, F(1, 219) = 4.05, p < .05; examination of the means suggested that the reappraisal intervention decreased worry among men (Mreappraisal = 2.88, SDreappraisal = 0.87; Mstandard = 3.59, SDstandard = 1.10) more than it did among women (Mreappraisal = 3.22, SDreappraisal = 1.00; Mstandard = 3.35, SDstandard = 1.24). 
Academic performance. As noted in the main text, women performed better on Exam 1 and in the course overall than men did, F(1, 422) = 4.16, p = .04 and F(1, 419) = 14.86, p < .001, respectively. However, for the academic performance outcomes, there were no significant two-way or three-way interactions involving gender, Fs < 2, ps > .15. 
For first-year students, we examined whether baseline characteristics moderated effects of the reappraisal message on either Exam 1 grade or final grade. Gender, first-generation status, race (coded as identifying as a member of an underrepresented racial-ethnic minority group or not), previous performance, and term did not moderate treatment effects on course performance. See Table S3. Although treatment effects were not moderated by race, we did find that the effect sizes of treatment on Exam 1 grade and final grade among first-year students from underrepresented racial-ethnic minority backgrounds (i.e., students who identified as Black/African American/African, Latinx/Hispanic, Native/Indigenous, and/or Pacific Islander) were 1.6 and 2.2 times as large (dExam 1 = 0.46; dfinal grade = 0.51) as the effect sizes of treatment among first-year students who identified as White and/or Asian/Asian-American (dExam 1 = 0.28; dfinal grade = 0.23). 
On Exam 2, first-year students in the reappraisal condition again performed better than first-year students in the standard condition did, t(423) = 2.22, p = .03, d = 0.29. There was a marginal effect such that upper-year students in the reappraisal condition performed worse on Exam 2 than upper-year students in the standard condition did, t(423) = -1.72, p = .09, d = 0.25. 
The reappraisal message did not significantly affect performance on Exam 3, ps > .45, ds < 0.10, or on the portion of course grade not determined by exams, ps > .10, dfirst-year = 0.20, dupper-year = 0.16. One interpretation of the lack of condition effect on Exam 3 among first-year students is that the intervention “wore off” over time. An alternate interpretation acknowledges that the time constraints for Exam 3 were different than the time constraints for the first two exams. Students were given 75 minutes to complete Exams 1 and 2, and most students worked on each exam for nearly all of the time provided. In contrast, students were given 180 minutes to work on Exam 3 and complete the end-of-course essay, and almost all students finished well before the end of the time provided. Past research has found that test anxiety has a greater effect on performance when test-takers are under time pressure (Hill & Wigfield, 1984). It may be that the lack of time pressure on Exam 3 reduced the effect of test anxiety on students’ performance and thus the effect of the intervention.
Mediation analyses. Figure S1 presents the diagram for the first mediation model discussed in the main text which tested the indirect effect of condition on Exam 1 grade via Exam 1 worry. 
The sequential mediator model presented in the main text was chosen for its coherence with our theoretical model, its parsimony, and because alternate models did not substantially improve model fit. However, we present two alternate models here to assess the robustness of the significance of the indirect effect of condition on final grade without Exam 1 via Exam 1 worry and Exam 1 grade. As with the models in the main text, analyses were conducted using the structural equation modeling R package lavaan (Rosseel, 2012). Significance was tested for using bias-corrected bootstrapped confidence intervals. We specified a 95% confidence interval (CI) and 10,000 resamples. Mediation was observed (at α = .05) if the resulting 95% CI of the indirect effect did not include zero.
The first alternate model was similar to the model in the main text except that it also included a direct path from condition to Exam 1 grade. See Figure S2. The first mediation model in the main text (testing the indirect effect of condition on Exam 1 grade via Exam 1 worry) found this path to be significant, so it seemed reasonable to test a model that included the path. In this alternate model, the direct path from condition to Exam 1 grade was marginally significant; all other paths besides the direct effect from condition to final grade without exam 1 were significant. The model fits the data well, χ2(1, N = 222) = 0.02, p = .90, CFI = 1.00, RMSEA < .001, SRMR = .001, although no better than the more parsimonious model presented in the main text. The point estimate of the indirect effect was 0.14, with a 95% CI ranging from 0.02 to 0.31. Because the 95% CI does not include 0, the indirect effect is significant at the  = .05 level.
The second alternate model added two paths to the model in the main text, one from condition to Exam 1 grade and the other from Exam 1 worry to final grade without Exam 1. See Figure S3. In this alternate model, the path from condition to Exam 1 was marginally significant. The path from Exam 1 worry to final grade without Exam 1 and the direct effect of condition on final grade without Exam 1 were both non-significant. The model is saturated, so no fit statistics were obtained. The point estimate of the indirect effect was 0.14, with a 95% CI ranging from 0.02 to 0.32. Because the 95% CI does not include 0, the indirect effect is significant at the  = .05 level.
Depending on the model, the direct path from condition to Exam 1 grade is significant or marginally significant. One explanation for condition’s independent effect on Exam 1 grade is measurement error: if worry were measured perfectly there would be no direct effect but since it is not measured perfectly, the direct effect remains. A second possibility is that the reappraisal message communicated care and concern, which had independent positive effect on Exam 1 grade. A third possibility is that there are other mediators in the process (e.g., sleep, study practices, test-taking strategies) that are affected by the reappraisal message but not included in the model. 
Course completion and score variability. In addition to course grades, another important course performance outcome is whether students finish the course. Very few students withdrew from the course or received an incomplete, but all eight who did (half of whom were first-year students) were in the standard condition. Therefore, we conducted exploratory analyses to test the independence of condition and course completion. A Fisher’s exact test was significant when collapsing across cohort, p = .003. When analyzing cohorts separately, the test for upper-year students was significant, p = .051, and the test for first-year students was in the predicted direction but non-significant, p = .12. Given the extremely low rates of attrition, we urge caution in drawing conclusions or generalizing from these findings. However, it may be that the reappraisal manipulation leads students to experience the exam as less aversive and thus be more likely to persist in the course.
Additionally, we reasoned that if differing interpretations of test anxiety cause variability in academic performance scores and the reappraisal message reduces this variability by advocating a particular interpretation of anxiety, we should observe less variance in academic performance among reappraisal condition students than among standard condition students. To test this possibility, we conducted a Levene’s test for equality of variances between the two conditions. The test was conducted separately for first-year and upper-year students. For first-year students, there was significantly less variance in both Exam 1 grade, F(1, 235) = 7.29, p = .01, and final grade, F(1, 234) = 11.33, p = .001, among students who received the reappraisal message than among students who did not. For upper-year students, there was also significantly less variance in Exam 1 grade among students who received the reappraisal message than among students who did not, F(1, 192) = 6.09, p = .01 (although only when controlling for previous performance), but no difference in variance between conditions on final grade, F(1, 190) = 1.52, p = .22.[footnoteRef:1]  [1:  Linear models are robust to unequal variance when sample sizes across cells of the design are roughly equal and sufficiently large (Howell, 2007), as was the case in the present study. For neither Exam 1 grade nor final grade was the ratio between the cell with the largest variance and the cell with the smallest variance greater than 4, conventionally the level at which heteroskedasticity may become a concern. Both ratios were less than 2. For additional reassurance that unequal variances did not threaten the conclusions here, we conducted a variety of other tests, including nonparametric tests. Results were robust across different analytic approaches. ] 

Likely reach of intervention email. As mentioned in the General Discussion, we were not able to assess whether students in Study 2 read the email with the standard or reappraisal intervention message. However, in a subsequent term of the same course, we examined the likely reach of the email. Students were sent a similar email the night before their first exam in the course and were asked to indicate that they read the email by clicking a link at the end of the message. Approximately 61% of students clicked the link, and the percentage doing so did not vary byclass year. If—as this suggests—only some students in Study 2 read the intervention email and the students who did not read the email were in most respects similar to those who did read the email, then the true treatment effects if one could reliably deliver the intervention to all students may be of greater magnitude than what is reported here. 
Study 2: Additional Comments about Conditionality of Reappraisal Intervention Effects
Our expectation is that reappraisal interventions may enhance performance in many curricular and extracurricular contexts, but only when at least two conditions are present. First, we expect reappraisal interventions to enhance performance only when task demands are high but not too high. For example, in a test-taking context, if an exam is viewed as “too easy” or does not induce feelings of time pressure, a student may not experience sufficient emotionality to subsequently reappraise or they may not experience worry that interferes with their performance (Hembree, 1988). If an exam provokes extremely high worry, a student may be unable to regulate their emotions through reappraisal (Gross, 2014). 
Second, we expect a reappraisal intervention will only enhance performance when a student receives it at an appropriate time and takes away the appropriate insight from it (which they did not previously have). While email delivery of a brief reappraisal message was sufficient to accomplish this in the present study at a selective private university, in many other contexts it may not be. At some schools or in some courses, students may not regularly or thoroughly read emails from instructors; in those cases, sending a reappraisal message via email may be functionally the same as not sharing the message at all. Relatedly, for some students or in some settings, the manipulation used in the present study may be too brief to lead to internalization; in such cases, a more elaborated intervention with opportunities to internalize the key ideas may be necessary (e.g., Jamieson, Peters, Greenwood, & Altose, 2016). Timing may also matter (Cook, Purdie-Vaughns, Garcia, & Cohen, 2012). Delivering the reappraisal intervention proximate to an exam may increase the likelihood a student will use reappraisal to manage their emotions on the exam, and using reappraisal on the exam may help consolidate the strategy in the students’ emotion regulation repertoire.
Additionally, social-psychological interventions delivered in field settings have the potential to interact with everything else in the field (Lewin, 1951). Although we did not observe differential effects by term or instructor in the present study, it is plausible that an instructor’s content area, style, other messages they send, or affordances of the setting could interact with a reappraisal message. For example, if an instructor who is viewed as unreliable (e.g., Kidd, Palmeri, & Aslin, 2013) or not having students’ best interests at heart shares an anxiety reappraisal message, students may not trust it. Conversely, if an instructor is already extremely effective at helping students feel comfortable and prepared for an exam, worry may not be a relevant dynamic hurting performance in that particular course. 
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Table S1
Study 2: Effectiveness of Random Assignment
	 
	Standard
	
	Reappraisal
	
	
	

	 
	M or %
	SD
	
	M or %
	SD
	
	Test statistic (t or χ2)
	p

	
	
	
	
	
	
	
	
	

	First-year students
	
	
	
	
	
	
	
	

	Gender: % Female
	63%
	
	
	60%
	
	
	0.31
	.58

	First-generation: %
	17%
	
	
	17%
	
	
	0.02
	.88

	Race: % Black, Latinx, Native, or Pacific Islander
	29%
	
	
	29%
	
	
	0.01
	.93

	Previous performance
	-0.16
	1.03
	
	0.17
	0.88
	
	2.63
	.01

	
	
	
	
	
	
	
	
	

	Upper-year students
	
	
	
	
	
	
	
	

	Gender: % Female
	45%
	
	
	61%
	
	
	5.12
	.02

	First-generation: %
	13%
	
	
	15%
	
	
	0.17
	.68

	Race: % Black, Latinx, Native, or Pacific Islander
	33%
	
	
	26%
	
	
	1.01
	.31

	Previous performance
	-0.03
	0.97
	
	0.07
	0.78
	
	0.83
	.41



Note. Each row represents the results of a chi-square test or a regression testing differences by condition in baseline proportion (gender and race) or mean (previous performance, standardized). Means and standard deviations are raw.



Table S2
Study 2: Emotionality, Worry, and Course Outcomes by Condition and Cohort 
	 
	 
	Standard
	 
	Reappraisal
	 
	
	
	

	
	
	M
[95% CI]
	SD
	
	M
[95% CI]
	SD
	
	t
	p
	d

	Emotionality
	First
	3.65
[3.39, 3.91]
	1.48
	
	3.50
[3.24, 3.75]
	1.26
	
	-0.83
	.41
	0.11

	
	Upper
	3.01
[2.72, 3.30]
	1.48
	
	3.43
[3.15, 3.71]
	1.52
	
	2.04
	.04
	0.30

	Worry
	First
	3.42
[3.23, 3.62]
	1.19
	
	3.09
[2.90, 3.28]
	.97
	
	-2.38
	.02
	0.32

	
	Upper
	2.83
[2.62, 3.05]
	1.08
	
	2.97
[2.76, 3.18]
	1.12
	
	0.91
	.36
	0.13

	Exam 1 (%)
	First
	87.44%
[86.18, 88.70]
	9.18
	
	89.67%
[88.39, 90.94]
	6.68
	
	2.43
	.02
	0.32

	
	Upper
	87.72%
[86.29, 89.14]
	8.99
	
	88.20%
[86.83, 89.57]
	7.45
	
	0.48
	.63
	0.07

	Exam 2 (%)
	First
	85.65%
[84.27, 87.02]
	9.92
	
	87.87%
[86.48, 89.25]
	7.40
	
	2.22
	.03
	0.29

	
	Upper
	87.05%
[85.49, 88.61]
	9.21
	
	85.16%
[83.67, 86.64]
	8.64
	
	-1.72
	.09
	0.25

	Exam 3 (%)
	First
	85.50%
[83.93, 87.06]
	10.06
	
	86.17%
[84.61, 87.73]
	8.45
	
	0.60
	.55
	0.08

	
	Upper
	86.32%
[84.55, 88.09]
	9.32
	
	85.68%
[84.00, 87.35]
	9.43
	
	-0.52
	.60
	0.08

	Non-exam grade (%)
	First
	91.16%
[90.41, 91.91]
	4.13
	
	91.98%
[91.23, 92.73]
	3.03
	
	1.50
	.13
	0.20

	
	Upper
	90.64%
[89.79, 91.50]
	6.24
	
	91.31%
[90.50, 92.12]
	3.79
	
	1.12
	.26
	0.16

	Final grade
(%)
	First
	88.11%
[87.23, 88.99]
	6.36
	
	89.53%
[88.65, 90.41]
	4.65
	
	2.23
	.03
	0.29

	
	Upper
	88.51%
[87.51, 89.50]
	6.37
	
	88.33%
[87.38, 89.28]
	5.39
	
	-0.25
	.80
	0.04

	Final grade without Exam 1 (%)
	First
	88.33%
[87.44, 89.21]
	6.02
	
	89.50%
[88.61, 90.39]
	4.59
	
	1.82
	.07
	0.24

	
	Upper
	88.67%
[87.66, 89.68]
	6.30
	
	88.37%
[87.41, 89.32]
	5.52
	
	-0.43
	.67
	0.06



Note. First = first-year students. Upper = upper-year students. Means and confidence intervals are adjusted and control for previous performance. Standard deviations are raw. 







Table S3
First-year Students in Study 2: Moderation of Treatment Effects for Exam 1 and Final Grade by Baseline Characteristics
	
	Exam 1
	
	Final grade

	Moderator tested
	b
	t
	p
	
	b
	t
	p

	
	
	
	
	
	
	
	

	Gender
	0.15
	0.08
	.93
	
	0.57
	0.48
	.64

	First-generation status
	-1.47
	-0.60
	.55
	
	-0.90
	-0.55
	.58

	Race
	1.22
	0.63
	.53
	
	1.29
	1.00
	.32

	Previous performance
	-0.86
	-0.93
	.36
	
	-0.30
	-0.49
	.63

	Term
	2.73
	1.53
	.13
	
	1.13
	0.94
	.35



Note. Each row represents the test of a Condition × Moderator interaction in a separate regression model that also includes the condition variable, the moderator, and previous performance as a covariate. Race is an indicator variable for whether a student identifies as a member of an under-represented racial-ethnic minority group (Black/African American, Hispanic/Latinx, Native American, or Pacific Islander). In the model for the Condition × Previous Performance interaction, no covariate was included. 
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Figure S1. First-year students in Study 2: Mediation model showing the indirect effect of condition on Exam 1 grade as mediated by Exam 1 worry. Previous performance was included as a covariate of Exam 1 worry (β = -.27, p < .001) and Exam 1 grade (β = .49, p < .001). Coefficients are standardized. * p < .05.
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Figure S2. First-year students in Study 2: Mediation model showing the indirect effect of condition on Exam 1 grade as mediated by Exam 1 worry and Exam 1 grade. Previous performance was included as a covariate of Exam 1 worry (β = -.26, p < .001), Exam 1 grade (β = .49, p < .001), and final grade without Exam 1 (β = .30, p < .001). Coefficients are standardized. † p < .10, * p < .05, ** p < .01, *** p < .001.
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Figure S3. First-year students in Study 2: Mediation model showing the indirect effect of condition on Exam 1 grade as mediated by Exam 1 worry and Exam 1 grade. Previous performance was included as a covariate of Exam 1 worry (β = -.26, p < .001), Exam 1 grade (β = .49, p < .001), and final grade without Exam 1 (β = .30, p < .001). Coefficients are standardized. † p < .10, * p < .05, ** p < .01, *** p < .001. 




