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Abstract
Background Test anxiety may be better thought of as a biopsychosocial process affecting academic performance during the 
days leading up to an exam, rather than a static appraisal of attitudes related to test taking. This was a passive observational 
study following students 2 days before a midterm exam and was designed to test the Sleep Anxiety Performance Process 
(SAPP) model in the context of a psychology statistics exam.
Methods Undergraduates (N = 167) enrolled in a statistics class, January–November 2015. Participants completed an 
electronic battery of measures and Sleep Mood Study Diaries (SMS) during the mornings, 2 days before a statistics exam. 
Instructors confirmed exam scores.
Results A path model showed a reciprocal bi-directional relationship between Sleep Quality and restfulness (Q&R) and 
test anxiety 2 days before a scheduled exam, with test anxiety measured in the morning, before the exam predicting exam 
performance. Prior exam performance, being a non-native English speaker (ESL), and class performance motivation also 
predicted exam performance.
Conclusions These data support the SAPP model’s premise that that sleep and anxiety feed one another, as a reciprocal 
process, that collectively impairs academic performance, with direct effects on academic performance, but with implications 
for overall student health.
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Introduction

Test anxiety has been defined as the emotional, physiologi-
cal, and behavioral responses in the anticipation of negative 
evaluation from an upcoming test or exam [1]. Between 10 
and 40% of students experience test anxiety and students 
with higher levels of test anxiety perform more poorly 
on tests and have lower Grade Point Averages (GPA: the 
accumulated average of point values assigned to final letter 
grades, typically ranging from 1 to 4, with an A = 4 points, 
a B = 3, etc.) [2]. However, consequences of test anxiety 
extend beyond the classroom and are correlated with poor 
health behaviors, including dysregulated sleep patterns and 
poor sleep quality [3]. Given the well-known bi-directional 
relationship between sleep and anxiety [4], it would be 
important to understand the specific pathways by which 

anxiety and sleep predicts exam performance and potentially 
unfold over the course of the several days prior to an exam.

Characteristics of the relationship between test-taking and 
anxiety have been well documented. Although trait anxiety 
is related to test anxiety and GPA [5], state and test-specific 
anxiety measured immediately before an exam have been 
shown to have stronger relationships to performance than 
do more distal measures of state anxiety [6, 7]. In one par-
ticularly well-designed study, researchers assessed trait anxi-
ety, state anxiety, and statistics specific anxiety. Measured 2 
weeks before the exam, trait anxiety was related to statistics 
specific anxiety and state anxiety. However, performance 
was predicted by attitudes about math and interest in the 
class, statistics specific anxiety, and state anxiety measured 
proximal to the test [6]. Test anxiety varies across time [7], 
across classes, and attitudes about subject matter are impor-
tant. In particular, statistics classes are associated with high 
levels of anxiety [1, 8], especially for female students [9], 
and class performance has been shown to be driven both by 
attitudes about the specific class and anxiety [6].
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Although most test anxiety studies have only examined 
the relationship between test anxiety and performance, 
extant research suggests that sleep is related to both aca-
demic performance and anxiety. For instance, sleep depriva-
tion has been found to compromise a broad array of memory 
processes [10]. Average sleep duration, sleep habits, and 
chronotype have been found to predict GPA [11–14] and 
medical students’ exam scores [15]. In an illustrative study, 
end of the semester undergraduate course performance was 
predicted by prior academic performance, study habits, 
chronotype, sleep duration, and sleep quality [16]. In any 
study of exam anxiety, it would be important to measure 
both anxiety and sleep as sleep problems such as insom-
nia and anxiety are highly correlated [17]. State and trait 
anxiety have documented relationships to shorter total sleep 
time and disrupted sleep [18, 19], longer sleep onset laten-
cies, more Wake Time after Sleep Onset (WASO [20]), and 
there is evidence of a bidirectional relationship between poor 
sleep and anxiety [4].

A few studies have examined exam-related anxiety, sleep, 
and exam performance. Among college students, test anxiety 
was related to sleep duration and quality the night before an 
exam, but only test anxiety predicted actual exam perfor-
mance [18]. Stress (a construct related to anxiety) was found 
to increase, and sleep quality (but not duration) was found to 
decrease in the week before an exam period [21]. Stress and 
sleep duration were related to academic performance among 
medical students [22, 23]. During the month before a high-
stakes exam, stress increased and sleep duration decreased; 
however, the individual relationship of stress and sleep dis-
ruption were not examined [22]. Collectively, these stud-
ies indicate that anxiety (and stress) and poor sleep (shorter 
duration and poor quality) go hand in hand. However, the 
temporal relationship between sleep disruption and anxiety 
has not yet been explicitly examined.

The Present Study

Test anxiety is a serious academic problem for college stu-
dents. However, the bidirectional relationship between sleep 
and anxiety suggests that it would be important to exam-
ine the temporal relationship between sleep (duration and  
quality) and test anxiety as predictors of academic perfor-
mance. Because there is an abundance of research docu-
menting a reciprocal relationship between sleep problems 
such as insomnia and anxiety, we proposed that the effects 
of test anxiety on academic performance would unfold as 
a reciprocal process, across several days, as represented 
by the Sleep Anxiety Performance Process (SAPP) model. 
Moreover, given the relationship of sleep problems to dec- 
rements in memory, we predicted that sleep would mediate  

the relationship between anxiety and academic performance. 
In order to understand the temporal relationship between 
test-taking anxiety and sleep (duration and quality), we used 
electronic diaries to examine the trajectory of anxiety and 
sleep during two days before a statistics exam. However, 
we were also mindful that there were other relevant predic-
tors of achievement and potential confounds of the relation-
ships in question; thus, we controlled for prior exam perfor-
mance, and individual difference variables including trait 
anxiety and symptoms of depression, enduring sleep patterns 
(chronotype and insomnia), and baseline sleep quality, as 
well as class performance motivation and study habits. After 
controlling for these individual differences, the SAPP model 
predicted that the effect of anxiety on exam performance 
would be mediated by sleep quality and sleep duration.

Method

Design and Participants

Undergraduate students were recruited from seven sections 
of introductory statistics (STATS) classes at a large uni-
versity in the Midwestern USA. Data were gathered from 
STATS classes taught by five different instructors, gathered 
during a single calendar year, two spring sections (n = 40), 
one summer section (n = 9), and five fall sections (n = 118).

A total of 314 students were offered participation in the 
study (N = 167) consented to participate. Power was ana-
lyzed via simulation, where relationships between the core 
variables of varying strength were evaluated.

Consistent with demographics of psychology majors at 
this university, 75% of participants were female; the majority 
were Caucasian (74%); 8% identified as African-American, 
5% Hispanic, 8% Asian, and 5% identified themselves as 
having multiple ethnic affiliations. English was a second 
language for 9% of participants. STATS is a class for sec-
ond year college students and ages ranged from 18 to 40 
(M = 20.65, SD = 2.83).

Procedure

A research assistant who explained the nature of the study 
recruited students from classrooms. Recruitment and base-
line assessments varied according to the semester schedule, 
with study entry following the first exam. Interested STATS 
students linked to an online baseline questionnaire (Qual-
trics survey software), signed an electronic consent form, 
provided their email addresses, and were sent Sleep, Mood, 
Study daily diaries (SMS diaries) at 6:00 a.m. each morning  
for the 6 days leading up to a target exam. Participants were 
asked to respond to time-stamped diaries as quickly as pos- 
sible after waking. In an effort to minimize response burden  
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and capture the strongest anxiety-performance relationship 
[6], test anxiety was measured only twice: the morning 
before the exam and the morning of the exam. After com-
pleting the final SMS diary, instructors confirmed students’ 
self-reported exam scores. At that time students were also 
provided with a debriefing statement. Each student could 
receive up to 15 total extra credit points. The protocol for 
this study was approved by the University of Kansas Insti-
tutional Review Board (IRB).

Measures

Although all questionnaires were administered in an elec-
tronic format, psychometric properties (i.e., internal consist-
ency and construct validity) remained similar to the paper 
and pencil versions of the questionnaires.

Baseline Battery

Student characteristics in the battery included items to iden-
tify participants’ age, sex, ethnicity, year in school, employ-
ment, school credits, previous exam score, and class perfor-
mance motivation (“How important is it for you to do well 
in this class?”) (4-point Likert items).

The Pittsburgh Sleep Quality Inventory (PSQI) [24] was 
used as an omnibus measure of sleep quality (Cronbach’s 
α = 0.66). PSQI Total Score range: 0–21. A score of 5 or 
greater indicates clinically relevant sleep disturbance.

The Morning-Eveningness Questionnaire (MEQ) was 
used to measure chronotype. MEQ contains 19 Likert items 
(Cronbach’s α = 0.76-0.79 [25]:). Higher scores indicate 
greater “morningness” (70–86: definite; 59–69: moderate), 
lower scores indicate “eveningness” (16–20: definite; 31–41: 
moderate), and central scores indicate “intermediate” ten-
dencies (42–58).

The Insomnia Severity Index (ISI) was used to measure 
symptoms of insomnia (Cronbach’s α = 0.90–0.91 [26]. The 
ISI consists of 7 Likert items that measure clinical insom-
nia. Higher total scores denote higher severity of clinical 
insomnia, clinical cut-offs: sub-threshold insomnia (8–14), 
moderately severe insomnia (15–21), and severe clinical 
insomnia (22–28).

The Beck Depression Inventory-II (BDI) was used 
to measure symptoms of depression (Chronbach’s 
α = 0.86–0.95; [27]). Scores exceeding 10–12 indicate risk 
for depression.

The State Trait Anxiety Inventory, Trait form (STAI-T) 
was used to measure symptom of anxiety [28]. The STAI-T 
uses 20, 4-point Likert items, with higher scores indicating 
greater anxiety (Cronbach’s α = 0.86–0.95). Recent admin-
istrations of the STAI-T with college students show average 
scores ranging from 37 to 41.51[29–31].

Sleep Mood Study Diaries

Sleep was measured each morning using a sleep diary 
adapted from the Consensus Sleep Diary (Qs 1–10) [32]. 
Questions asked for bedtime, time it took to fall asleep, 
number of awakenings, number of awakenings after sleep 
onset (WASO), time out of bed, sleep duration. Sleep 
Quality (Q), and Restfulness (R) (7-point Likert items) 
were highly correlated (0.81, p < 0.01) and thus were aver-
aged (Q&R). From this measure, the following variables 
were calculated: sleep onset latency (SOL), total sleep 
time (TST), and sleep efficiency (SE).

Study behavior was measured by asking the following 
questions: “How many minutes did you study for your sta-
tistics class yesterday?” “Did you go to (scheduled) class”?

Test anxiety was assessed on the mornings before (day 
5) and of the exam (day 6). Students rated test-taking anxi-
ety using a version of the State Trait Anxiety Inventory-
State Version [28], with an altered instruction set to cap-
ture anxiety about the upcoming exam (STAI-test). The 
STAI-test was selected because it is brief (20 4-point Lik-
ert items), reactive to changes in anxiety across successive 
days, but with high observed internal consistency using 
this instruction set (Cronbach’s α  = 0.85) that is similar 
to established instruction sets (Cronbach’s  α = 0.86–0.95). 
Although sleep diary and study behaviors were gathered 
for six mornings, STAI-Test was measured only twice, in 
close proximity to the test in order to minimize response 
burden.

Procedure

A research assistant who explained the nature of the study 
recruited students from classrooms. Recruitment and base-
line assessments varied according to the semester schedule, 
with study entry following the first exam. Interested STATS 
students linked to an online baseline questionnaire (Qual-
trics survey software), signed an electronic consent form, 
provided their email addresses, and were sent Sleep, Mood, 
Study daily diaries (SMS diaries) at 6:00 a.m. each morn-
ing for the 6 days leading up to a target exam. Participants 
were asked to respond to time-stamped diaries as quickly as 
possible after waking. In an effort to minimize response bur-
den and capture the strongest anxiety-performance relation-
ship [6], test anxiety was measured only twice: the morning 
before the exam and the morning of the exam. After com-
pleting the final SMS diary, instructors confirmed students’ 
self-reported exam scores. At that time, students were also 
provided with a debriefing statement. Each student could 
receive up to 15 total extra credit points. The protocol for 
this study was approved by the University of Kansas Insti-
tutional Review Board (IRB).
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Method of Analysis

Data were analyzed in R using the “lavaan” package. The 
small amount of missing data was addressed using a satu-
rated correlates model for full-information maximum likeli-
hood (FIML). Because students were nested within class-
room and semester, we investigated whether there it would 
be necessary to use a multilevel SEM model. In no instance 
did analyses reveal evidence of systemic between-cluster dif-
ferences (composed either of instructor or semester).

Simulation data were used to estimate power [33]. Given 
the plausible range of effect sizes and range of probable 
covariates; N = 150 conferred sufficient power to detect a 
moderate sized simple effect of the primary predictors (i.e., 
Test Anxiety, Sleep Q&R, and TST). The total fraction of 
missing information in the data used for the final analysis 
model was 7.8%, with 11–14% for individual SMS diary 
items. This fraction of missing data is small and within the 
range where FIML can recover lost information and point 
estimates on which to base unbiased parameters estimates 
[34].

Results

Descriptive Data

Table 1 includes descriptive data and correlations among 
individual difference and demographic data. BDI scores 

were below clinical range, and STAI-T scores only slightly 
higher than recently reported college student samples [30, 
35, 36]. However, there were indications of sleep problems, 
with ISI scores in the moderately severe range and PSQI 
total scores that exceeded the clinical cut off for sleep dis-
turbance. On average, students fell into the “intermediate” 
range in terms of morning-evening tendencies. As shown in 
Table 1, correlations among individual difference variables 
were in expected directions (e.g., STAI-T, BDI, PSQI, and 
ISI were all positively correlated).

Primary Hypotheses

Analyses were constructed in a sequential manner, meaning 
that a simpler model was constructed first, that explained 
variability in final exam scores using individual difference 
variables (i.e., BDI, STAI-T, PSQI, ISI, MEQ chronotype, 
age, sex, race/ethnicity, and English as a Second Language 
(ESL), class performance motivation, first exam score). 
Non-significant predictors were pruned from the model 
based on Wald tests for predictor significance (seeTable 2 
for detailed output).1 A model constraining non-significant 

Table 1  Descriptive data

ESL English as a second language, BDI Beck Depression Inventory, STAI-T State Trait Anxiety Inventory, trait version, MEQ Morningness-
Eveningness Questionnaire, ISI Insomnia Severity Inventory, PSQI Pittsburgh Sleep Quality Inventory, Q&R Average of Sleep Quality and Rest-
fulness, WASO number of awakenings after sleep onset, SE sleep efficiency; SOL sleep onset latency
*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level

M/% (SD)
Age 20.7 (2.94)
Female 75%
ESL 9%
Variable name 1 2 3 4 5 6 7 8 9
Grade 79.36 (17.97) − 0.14 0.04 0.17 − 0.18 − 0.24** − 0.02 0.06 0.04 − 0.04

1. BDI 9.03 (7.37) 0.59** − 0.12 0.41** 0.36** − 0.16 − 0.16 − 0.19* 0.16
2. STAI-T 42.81 (8.77) − 0.15 0.36** 0.35** − 0.11 − 0.12 − 0.16 0.13
3. MEQ 44.41 (8.55) − 0.27** − 0.14 − 0.14 0.08 0.12 − 0.12
4. ISI 16.45 (6.07) 0.68** − 0.10 − 0.37** − 0.34** 0.30**

5. PSQI 6.62 (3.08) − 0.05 − 0.38** − 0.27** 0.25**

6. WASO 1.56 (0.32) 0.01 0.11 − 0.13
7. TST 415.52 (57.17) 0.25** − 0.11
8. SE 91% (0.10) − 0.60**

9. SOL 34.27 (36.28)

1 It should be noted that race/ethnicity was a significant predictor of 
exam score. However, the effect was entirely dependent upon a sin-
gle student’s outlier (poor) test score. Because of the low probability 
for replication, this effect is not pictured in the model or reported in 
Table 2.
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predictor slopes to zero was then analyzed and was deter-
mined to have excellent fit (CFI = 0.996, TLI = 0.994).

The modified baseline model with individual differences 
was then incorporated into the hypothesized path model, 
such that theorized sleep-anxiety-performance processes 
could be evaluated while simultaneously controlling for 

relevant individual difference variables. Variables pruned 
from the individual differences model that nevertheless 
could potentially impact steps in the sleep-anxiety-perfor-
mance process were also included. The final model included 
the following individual difference variables: Age, Sex, 
Race/Ethnicity, ESL, First Exam Grade, and Class Per-
formance Motivation; Class time (AM/PM); and ISI and 
Chronotype. To this, we added reports from the SMS diaries 
reflecting reports from night four (exam-2 days) and five 
(exam-1 day): Minutes studied, Sleep Q&R, WASO, TST, 
and STAI-Test (exam-1 only), and on the day of the exam 
STAI-test and the Final Exam Grade.

The final model largely supports the hypothesized con-
ceptualization of the SAPP model and fit the data well 
(CFI = 0.963, TLI = 0.935, RMSEA 0.029). Figure 1 can 
be broken down into its component features: Higher Q&R 
preceded lower levels of STAI-test for both the night prior 
to the exam (χ2 [1] = 7.17, p = 0.007) as well as two nights 
before (χ2 [1] = 6.789, p = 0.009). Increasing levels of 
STAI-test had an adverse effect on Q&R (for STAI-test, the 
day prior to the exam, χ2 [1] = 5.172, p = 0.023) as well 
as exam performance itself (for STAI-test on exam day, χ2 
[1] = 16.15524, p ≤ 0.001). In fact, after controlling for 
prior exam performance and other predictors, test anxiety 
explained approximately 9.8% of variability in test perfor-
mance, increasing the multiple R-squared for test perfor-
mance from ~ 30 to ~ 40% significantly improving the fit of 
the model, p < 0.001. Although Sleep Q&R predicted test 

Table 2  Baseline model

ESL English is a Second Language, STAI State Anxiety Inventory, 
BDI Beck Depression Inventory II, PSQI Pittsburgh Sleep Quality 
Inventory, MEQ Morningness, Eveningness Questionnaire (Chrono-
type), ISI Insomnia Severity Inventory

Variable name Δχ2 Df p value

Significant predictors of academic performance
  ESL 14.511 1  < 0.001
  First exam grade 20.228 1  < 0.001
  STAI-test Day 6 17.195 1  < 0.001
  Class performance 

motivation
4.756 1 0.029

Non-significant baseline predictors of academic performance
  BDI 0.009 1 0.925
  PSQI 0.477 1 0.450
  Trait anxiety 1.969 1 0.161
  ISI 0.073 1 0.787
  MEQ 0.638 1 0.424
  Age 0.256 1 0.613
  Sex 0.438 1 0.507

Fig. 1  The Sleep Anxiety 
Performance Process Model 
(SAPP). WASO number of 
awakenings after sleep onset, 
Q&R Sleep Quality and Restful-
ness, TST Total Sleep Time, 
STAI-Test, State Test Anxi-
ety, ESL English as a Second 
Language, solid lines = positive 
path; dashed lines = negative 
path. *p < 0.05, **p < 0.01, 
***p < 0.001
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anxiety, our results did not indicate that sleep was directly 
related exam performance. In fact, none of the sleep param-
eters (e.g. Q&R, TST, SOL, SE) had significant direct or 
lagged effects on the final exam score.

Few individual difference variables predicted exam 
scores. Neither symptoms of psychopathology, nor general 
demographic differences, nor general sleep dysfunction as 
measured by the ISI, chronotype, nor baseline sleep quality 
as measured by the PSQI mediated the relationship between 
sleep quality and anxiety, nor had any direct effects on exam 
performance. Individual difference variables that did pre-
dict exam score include first exam score, class performance 
motivation, and ESL. Each of these variables significantly 
predicted final exam scores in expected ways: Class per-
formance motivation and first exam scores were positive 
indicators of Final Exam scores, whereas ESL students had 
significantly lower final exam scores.

Risk of Failure

As a follow-up analysis, we examined whether significant 
predictors of exam scores could be used to predict whether 
students passed or failed the exam. Using logistic regres-
sion, first exam grade, STAI-Test, ESL status, and Sleep 
Q&R were entered into an equation to predict whether stu-
dents passed (score ≥ 70) or failed the exam (score < 70). 
Nearly one-third of the students failed their exam (27.86%). 
Single-unit increases in first exam scores were associated 
with greater odds of passing the exam (1.067, Wald 11.956, 
p < 0.05) and higher STAI-test scores reduced the chance of 
a passing score on the exam (0.943, Wald = 7.932, p < 0.05), 
as did speaking a first language other than English (14.017, 
Wald = 4.043, p < 0.05). Although this model explained a 
significant portion of the variance, Nagelkerke R2 = 0.33, 
and correctly classified 77% of students, it proved less likely 
to identify true failures 44.1% than true passers 89%.

Discussion

Universities are struggling with the high rate of drop-out. 
Almost 40% of freshmen fail to return to their original col-
lege or university after the first year, many for academic 
reasons [31]. One significant contributor to academic fail-
ure is anxiety about academic performance, specifically 
test-taking anxiety. Students who are at increased risk for 
ineffective or maladaptive coping with the stressors of col-
lege may be even more vulnerable to the negative effects of 
anxiety on their academic performance and health-behaviors 
including sleep [3]. Consistent with this observation, this 
study found that students who experienced even moderate 
amounts of anxiety had lower test scores. Rather than having 
separate effects on exam performance, over the course of 

two days and nights, poor sleep quality predicted increased 
anxiety, which in turn perpetuated disrupted sleep, which 
then predicted further increases in anxiety and ultimately 
poor academic performance. Although the snapshot of the 
sleep-anxiety relationship captured here was not consistent 
with the specific a-priori predicted relationship (poor sleep 
mediating the relationship between test anxiety and exam 
performance), the model is consistent with the overall pre-
cept of the SAPP model, that sleep and anxiety feed one 
another, creating a vicious cycle that collectively impairs 
academic performance.

This was not a clinical sample. Nevertheless, test anxi-
ety had a significant effect on test performance. A one-unit 
increase of test anxiety on the day of the test was associ-
ated with a 0.388-point lower test score. For students who 
were one standard deviation above the mean for anxiety, 
the effect size equates to a nearly 5-point lower (4.96) exam 
score. This could mean the difference between earning a 
D vs. a C-. Although the relationship between test anxiety 
and performance is fairly well understood, what was new in 
this study was documentation of the reciprocal relationship 
between sleep and anxiety. In particular, test anxiety and 
poor sleep quality appeared to operate as a positive feedback 
loop, with poor sleep disinhibiting anxiety, and those feel-
ings and thoughts, in turn, disrupting sleep. Instead of poor 
sleep mediating the relationship between test anxiety and 
exam performance, anxiety, and sleep appeared to form a 
feed forward process, with test anxiety ultimately predicting 
exam performance.

Although poor sleep predicted test anxiety, none of the 
other sleep parameters (e.g., SOL, WASO, TST, SE) were 
either directly related to academic performance or test anxi-
ety. Instead, in this sample of young adults, the effects of 
WASO and TST appeared to have been captured in the 
appraisal of poor sleep quality and restorativeness. Had we 
chosen a different focus of this model, we could have mod-
eled WASO and TST as mediators of the relationship of poor 
sleep quality to test anxiety.

Other predictors of exam performance were primarily 
related to academic history. Prior exam performance was 
a strong predictor of future exam performance. However, 
this is not a “clean” academic covariate. Similar to what 
we observed during the 2 days prior to the statistics exam, 
we would expect that previous exams were also affected by 
the cyclical relationship between sleep and anxiety. Dispo-
sitional measures (e.g., Trait anxiety, depression, insomnia 
symptoms, circadian rhythms) were largely unrelated to final 
exam performance, underscoring the fact that this was a 
largely mentally healthy sample and that the effects of anxi-
ety and sleep on performance were situational and not driven 
by general response biases or trait level effects. Non-native 
speakers had significantly lower scores than native speakers 
and were 14 times more likely to fail than a native speaker. 
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It should be noted that this was a not a planned analysis, 
only a small proportion of our sample (roughly 10%) were 
non-native speakers, and the student’s level of English flu-
ency was not measured. These caveats aside, the results of 
this study suggest the need for additional interventions to 
support non-native English speakers.

It is worth commenting on the relationship of motivation 
and study habits to academic performance. Perhaps it is not 
surprising that class performance motivation to do well in a 
class was related to actual performance, but was surprising 
that study habits did not relate to exam score. In fact, the 
only relationship of study time was to shorter sleep time 
the night before the exam. Follow-up exploratory analyses 
on study time showed that academic performance was not 
correlated with total minutes studied, average or variability, 
minutes of study during any day during the week, nor a cur-
vilinear function. Examination of the data revealed no obvi-
ous sources of bias in reporting of study times. Although 
surprising, this finding is consistent with a body of work that 
shows little relationship between homework and achieve-
ment in elementary and secondary education [29]. As this is 
a single study and this was not a hypothesis driven finding, 
replication would be critical.

Test Anxiety and Broader Implications for Health

It is tempting to conceptualize test anxiety as a psychologi-
cal state that has effects that are limited to academic per-
formance and success. However, in other studies, highly 
test anxious students were found to have higher levels of 
stress, increased levels of maladaptive health behaviors such 
as increased caffeine intake, smoking, and lower levels of 
adaptive behaviors such as healthy eating, physical activity, 
and hygienic sleep [3]. The SAPP model may help to explain 
Oaten’s findings by documenting that test anxious students 
may have poor sleep quality multiple days before an exam. 
Thus, it seems plausible that at least some of the effects 
of test anxiety on health behaviors (e.g., caffeine intake, 
healthy eating) observed by Oaten, were attempts to miti-
gate feelings of fatigue associated with poor sleep quality.

Limitations

We attempted to comprehensively measure the relationships 
among sleep, anxiety, and academic performance by using a 
combination of trait level measures and daily diary measures 
of sleep and anxiety. However, there were several notable 
limitations. First, non-invasive wrist worn actigraphs would 
have provided a more accurate measure of TST, WASO, 
and SOL. A wealth of literature has documented that sleep 
diary reports of sleep parameters do not correlate well with 
objective sleep measured via polysomnography [37]. Self-
reported sleep often is more strongly related to measures 

of mood and anxiety and has a more modest association 
with biological and performance measures [38]. In addition, 
test anxiety and sleep were measured concurrently in order 
to minimize response burden for non-financially compen-
sated research participants. However, morning and evening 
reports would reduce commonly recognized sources of bias 
(e.g., mood-dependent recall) [39]. Moreover, these were 
observational data, weakening our ability to make causal 
statements about the relationships observed in this study. 
And finally, generalizability is limited by class type (statis-
tics) and should be made with care in universities with more 
racially and ethnically diverse undergraduate populations.

Summary and Clinical Application

The SAPP model offers a comprehensive way to understand 
the relationship between sleep and anxiety on academic per-
formance. Test anxiety appears separate from trait anxiety 
and is thus likely to be more variable. One study that tracked 
the ebb and flow of test anxiety across the semester found 
that anxiety peaked at the beginning of the semester and dis-
sipated as students become more familiar with the subject 
matter and test formats [7]. However, unremitting anxiety 
was among the most commonly identified mental health con-
cern named by students leaving college [40]. Test anxiety 
has typically been thought of as an emotion that arises as 
students face a test. However, the SAPP model proposes that 
test anxiety does not start and stop on the day of an exam. 
Instead, the non-trait nature of test anxiety and the temporal 
relationship between sleep and text anxiety span at least 2 
days leading up to the exam, which suggests a clear oppor-
tunity for intervention.

As universities and high schools struggle to retain 
students, interventions to address anxiety-related perfor-
mance deficits may be part of a broader strategy to pre-
vent drop out because of academic failure. Research on 
test anxiety interventions has primarily focused on the 
cognitive–behavioral methods, skill-building, and relaxa-
tion interventions to reduce test anxiety and improve test 
performance (e.g., [41]. However, individual or even group 
therapy for all test anxious students is not likely to be a 
practical solution to this problem. Fortunately, lower-bur-
den interventions show promise. Unlimited exam-time for 
math and statistics exams [9] and a seven-minute expres-
sive writing intervention directing students to write about 
“thoughts and feelings” about an upcoming exam have been 
shown to alleviate or minimize the effect of anxiety on a 
quantitative reasoning test [42]. However, the good news 
for test anxious students and for universities who wish 
to retain test anxious students is that interventions such 
as these are effective, easily delivered via instructional 
change, and come at no additional cost to the university.
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