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a b s t r a c t

Objectives: At the peak of COVID-19, adolescent life was disrupted as schools adapted their instructional 
approaches such as online, in-person, or hybrid instruction. We and others have previously commented on 
how these shifts facilitated longer, later and (more developmentally appropriate) sleep. Here, we report 
how sleep contributed to associations between remote instruction and broader academic well-being (e.g., 
cognitive function, school connectedness, and stress).
Methods: Adolescents from all 50 U.S. states (n = 4068) completed online self-report surveys in fall 2020. 
Instructional approach was operationalized from fully in-person instruction to fully asynchronous online 
education. Sleep parameters included sleep timing and duration, sleep disturbances, and sleep-related 
impairments. Perceived academic well-being was defined as cognitive function, school connectedness, and 
school-related stress. Sleep and perceived academic well-being are examined across instructional ap
proaches, in their association, and in structural models.
Results: Sleep and perceived academic well-being differed between hybrid and online instruction groups. 
Less variable or disturbed sleep was associated both with in-person instruction, and with positive outcomes 
in cognitive function, school connectedness, and stress domains. Sleep mediated a substantial portion of 
variance in perceived academic well-being attributable to instructional approach.
Conclusion: These data highlight the need to protect both healthy sleep and in-person instruction. 
Appropriate sleep timing and duration, fewer sleep disturbances and sleep-related impairments accounted 
for a substantial degree of variance in the association between remote instruction on academic outcomes. 
While many students experienced “lost learning” because of COVID-19, this study joins a broader discussion 
of ensuring developmentally appropriate school-start times to support both sleep and achievement.
© 2024 National Sleep Foundation. Published by Elsevier Inc. All rights are reserved, including those for text 

and data mining, AI training, and similar technologies.  

Introduction

In the fall of 2020, due to the COVID-19 pandemic, school districts 
nationwide used instructional approaches ranging from in-person to 

fully on-line to protect health and safety while preserving education. Our 
Nationwide Education and Sleep in TEens During COVID (NESTED) study 
found that, compared to in-person instruction, online instruction was 
associated with later wake times (WTs) and longer sleep opportunities 
for adolescents1 complimenting other reports.2-4 Here, we expand our 
investigation to adolescents’ perceived academic well-being.

While sleep opportunity may have benefited from online in
struction, this reorganization of education led to a generational level 
of “lost learning.”5-7 How instructional approaches and sleep interact 
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to support student success is a question policymakers must weigh as 
education recovers.7-9 We returned to NESTED to test the hypothesis 
that sleep during the pandemic contributed to how adolescents’ well- 
being fared in the face of destabilizing instructional approaches.

The links between sleep and learning are clear.10,11 Sleep sup
ports attention,12,13 learning,14 recollection,10,11,15 and knowledge 
integration.16 Longer, more regular, and appropriately timed sleep 
supports grades17,18 and standardized test scores.19 Finally, delaying 
school start times in middle and high school increases sleep time, 
academics outcomes, and quality of life.20-27

While the pandemic is no longer central in our lives, it led to a 
proliferation of hybrid instructional models, with some families 
continuing in virtual instruction.5,28 With this new status quo, the 
current study examined how sleep contributed to cognitive and 
academic function in adolescents across instructional approaches. 
Our analyses balanced data-driven and theoretically based ex
ploratory modeling to examine: (1) how sleep and academic out
comes differed across instructional approaches; (2) whether sleep 
was correlated with academic outcomes; and (3) whether sleep was 
a significant mediator of the association between instructional ap
proach and perceived academic well-being.

Participants and methods

Data acquisition

Data collection1 occurred from October 8, 2020 to November 26, 
2020 in adolescents in grades 6-12 across the United States, re
cruited over social media with a focus on geographic, ethnic, and 
racial representation. In October 2020, stay-at-home orders were 
lifted in all 50 states however restrictions on in-person school at
tendance varied significantly by state, region, and district. Informed 
consent and data collection occurred via REDCap. All procedures 
were approved by the BRANY SBER Institutional Review Board (#20- 
053-528) with a waiver of parental consent.

Measures

The NESTED1 survey measured self-reported sleep patterns as a 
function of school start time and instruction approach along with de
mographic information, academic, physical health, and mental health 
outcomes, and social disparities with a retrospective lens of 1 week.

Instructional approach

Adolescents identified their instructional approach for each day 
of the week (Monday-Friday) yielding fifty-one distinct patterns. We 
categorized each child’s report into one of 5 categories of instruc
tion: (1) In-Person [5 days of in-person school]; (2) Hybrid [at least 
1 day in-person]; (3) Online/synchronous [5 days with live online 
instruction or teacher interaction]; (4) Online/mixed [5 days online 
with at least one synchronous instruction day]; and (5) Online 
Asynchronous/No-School [No online synchronous or in-person in
struction days]. Asynchronous and no-school were combined, as 
neither involved schedules that may govern sleep patterns.

Sleep

Participants reported bedtime (BT, “what time did you try to fall 
asleep?”) and wake time (WT, “what time did you wake up in the 
morning?”) separately for nights before days with each instruction 
approach (in-person, online/synchronous, online/asynchronous, or 
no school). Sleep opportunity (elapsed time between BT and WT) 
served as an approximation for sleep duration; this proxy lacked 
sleep onset latency and wake after sleep onset which were not as
sessed. WT was chosen as our proxy for sleep timing as it is 

immediately salient to school schedules. Data for each instructional 
approach were matched to days of the week and averaged to derive 
overall sleep estimates. Finally, variability in sleep patterns across 
the 5 days was computed using mean square successive differences 
(MSSD; e.g., Tuesday from Monday, Wednesday from Tuesday, etc.). 
A higher MSSD indicates greater variability. As sleep patterns were 
parsed by instruction, not by day, variability is zero for adolescents 
whose instructional approach was consistent.

Three items from each of the Patient-Reported Outcomes 
Measurement Information System (PROMIS) Pediatric Sleep 
Disturbance (SD) and Pediatric Sleep-Related Impairment (SRI) item 
banks were selected for this study29 (SD: difficulty falling asleep, 
slept through the night, trouble sleeping; SRI: sleepy during the 
daytime, hard time concentrating because I was sleepy, hard time 
getting things done because I was sleepy). Items referenced the past 
7 days, with a 5-point Likert response scale ranging from Never to 
Always. High Sleep Disturbance indicates difficulties falling, or re
maining asleep, or poor-quality sleep whereas high Sleep-Related 
Impairment reflects daytime symptoms of concentration, fatigue or 
sleepiness consistent with insufficient or nonrestorative sleep. Both 
are expressed as t-scores (mean = 50; sd = 10) normed against a 
representative US sample.29

Perceived academic well-being

Three measures probed perceived academic well-being. First, 
four items were selected from the PROMIS Pediatric Cognitive 
Function item bank (hard to pay attention to one thing for more than 
5-10 minutes, forgot things easily, hard to concentrate in school, 
hard for me to learn new things). Response choices were on a 5- 
point Likert scale from either None of the Time to All of the Time, or 
Not at all to Very Much. T-scores were normed against a re
presentative U.S. sample, with higher t-scores indicating better 
cognitive functioning.30-32 Second, a subset of six school-related 
questions from the Hemmingway Measure of Adolescent Con
nectedness33-35 was averaged to derive a school connectedness 
score, with higher scores indicative of greater school connectedness. 
Finally, we asked whether school was stressful compared to before 
the pandemic, on a 5-point Likert scale (a lot less to a lot more) 
reverse-coded such higher scores indicate less school-related stress.

Contextual variables and covariates

Our dataset was limited with respect to the number of demo
graphic factors included. However, grade level, gender, race/ethnicity, 
and social vulnerability index are presented as analytic covariates. Age 
was not assessed; however, participants were asked to identify their 
grade in school (6-12) and were categorized into one of two grade 
levels: middle-school (grades 6-8) or high-school (grades 9-12). Self- 
reported gender was coded as male, female, or nonbinary/other. The 
latter category included those participants who chose not to respond. 
Race/ethnicity was coded as: White, Black, Hispanic/Latino(a/x), 
Asian, or Multiracial/Other. Unfortunately, no direct socioeconomic 
status variables were collected; however, we provide the Social 
Vulnerability Index (SVI)36 as a proxy. The SVI, scaled 0-1, is a 
neighborhood-level factor derived from zipcode information and in
tegrates census-level data on 4 risk factors: socioeconomic status, 
household composition, minority language presence, and transpor
tation access. Participants were coded as low (≤0.25), low-moderate 
(0.25-0.5), moderate-high (0.5-0.75), or highest (> 0.75) SVI. Finally, 
participants were asked to identify the type of school they attended, 
with 94% indicating attendance at a public school.

Other contextual factors included rates of consistent room/space, 
computer access, and internet access as well as self-reported at
tention-deficit/hyperactivity-disorder (ADHD), autism, learning dif
ferences (LD), or an individualized education plan (IEP)/504.
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Sample selection

NESTED included 6577 adolescents in total. The current analyses 
were limited to participants with complete data on all sleep and 
academic variables and core contextual factors (grade level, gender, 
and race/ethnicity, SVI), yielding n = 4068 cases.

Statistical analyses

Analyses were conducted in R 4.3.1 with a significance threshold 
of p  <  .001.1 One-way ANOVA or chi-square tests (2000 simulations 
to account for small cells) examined demographics across instruc
tional approach. Primary analyses took a three-fold approach span
ning from exploratory description to a structural model.

Step 1. Sleep and perceived academic well-being: Effects of instructional 
approach

We first examined independent associations of sleep and per
ceived academic well-being with instructional approach, using in
dependent ANOVA or multinominal regression as appropriate. 
Instructional approach was entered as a categorical factor and grade 
level, gender, race/ethnicity, and SVI as covariates.

Step 2. Associations among individual sleep and academic variables
We next examined pairwise associations among sleep and aca

demic variables, with Holm-Bonferroni correction. Stress-free school 
was treated as a continuous variable.

To reduce dimensionality, we used canonical correlation analysis 
(CCA), to identify orthogonal associations between sleep and per
ceived academic well-being. Inclusion in either the sleep or aca
demic CCA variable set was based on the presence of at least one 

significant pairwise association. Following CCA, the contributions to 
each canonical dimension were evaluated with Wilk’s lambda. 
Canonical variables representing orthogonal sleep and academic 
constructs were forwarded to step 3.

Step 3. Sleep as a cross-sectional mediator of instructional approach and 
perceived academic well-being

To test our core hypothesis that sleep contributes to the association 
between instructional approaches and perceived academic well-being, 
we specified a structural equation model (SEM; lavaan 0.6-15) with 
bootstrapped (n = 5000) confidence intervals.

Our model effect-coded instructional approach as hybrid, online/ 
synchronous, online/mixed, or asynchronous/no-school groups with 
in-person as reference. All three canonical variables from the CCA 
were entered as mediating (for sleep) or outcome (for academic) 
variables. As the canonical dimensions are orthogonal, this allows for 
three sets of direct and indirect paths between instructional approach 
to perceived academic well-being through sleep. Our primary focus is 
on the indirect effects through sleep. Judgments of mediation are 
made cautiously37 using the bootstrapped indirect effect as core 
outcome. The cross-sectional nature of our data limits the inter
pretation of mediation as “variance accounted for” rather than causal. 
All paths covaried for grade level, gender, race/ethnicity, and SVI.

Sensitivity analyses: The impact of self-reported neurocognitive burden

While our study was not designed to examine the moderating 
impact of ADHD, autism, or other neurocognitive burden of these 
dynamics, rates of these endorsed conditions were high, nearly 
double national estimates.38 We repeated the SEM analysis with 

Table 1 
Sample demographics 

Overall  
N = 4068

In-person  
N = 868

Hybrid  
N = 1075

Online/Sync.  
N = 980

Online/Mixed  
N = 721

Asynch./No school  
N = 424

p-valuea

Grade level .14
Middle school 477 (12%) 122 (14%) 111 (10%) 116 (12%) 83 (12%) 45 (11%)
High school 3591 (88%) 746 (86%) 964 (90%) 864 (88%) 638 (88%) 379 (89%)

Gender identity .059
Female 2125 (52%) 443 (51%) 561 (52%) 497 (51%) 387 (54%) 237 (56%)
Male 1588 (39%) 365 (42%) 426 (40%) 386 (39%) 258 (36%) 153 (36%)
N-b/other/prefer not to answer 355 (8%) 60 (7%) 88 (8%) 97 (10%) 76 (11%) 34 (8%)

Race/Ethnicity < .001
White 2700 (66%) 635 (73%) 821 (76%) 506 (52%) 444 (62%) 294 (69%)
Black 167 (4%) 22 (2.5%) 25 (2%) 57 (6%) 42 (6%) 21 (5%)
Hispanic/Latino(a/x) 668 (16%) 114 (13%) 118 (11%) 239 (24%) 125 (17%) 72 (17%)
Asian 156 (4%) 13 (2%) 29 (3%) 75 (8%) 35 (5%) 4 (1%)
Multiracial/other 377 (9%) 84 (10%) 82 (8%) 103 (11%) 75 (10%) 33 (8%)

Social Vulnerability Index < .001
Low 1221 (30%) 303 (35%) 293 (27%) 308 (31%) 244 (34%) 73 (17%)
Low-oderate 1083 (27%) 231 (27%) 275 (26%) 265 (27%) 197 (27%) 115 (27%)
Moderate 772 (19%) 135 (16%) 200 (19%) 235 (24%) 119 (17%) 83 (20%)
Highest 992 (24%) 199 (23%) 307 (29%) 172 (18%) 161 (22%) 153 (36%)

School-type < .001
Public 3812 (94%) 789 (91%) 1014 (94%) 941 (96%) 689 (96%) 379 (89%)
Private 195 (5%) 76 (9%) 52 (5%) 31 (3%) 18 (3%) 18 (4%)
Other 61 (2%) 3 (< 1%) 9 (1%) 8 (1%) 14 (2%) 27 (6%)

Consistent space for schoolwork? 3472 (86%) 718 (84%) 915 (86%) 860 (88%) 626 (88%) 353 (84%) .043
Access to computer or tablet? 3952 (98%) 815 (96%) 1049 (98%) 967 (99%) 712 (100%) 409 (97%) < .001
Reliable internet? 3581 (89%) 755 (89%) 951 (89%) 870 (89%) 631 (88%) 374 (89%) .94
Report of ADHD 749 (18%) 165 (19%) 196 (18%) 158 (16%) 141 (20%) 89 (21%) .10
Report of autism 183 (5%) 42 (5%) 50 (5%) 39 (4%) 31 (4%) 21 (5%) .88
Report of an IEP .22

No 2546 (63%) 532 (61%) 699 (65%) 622 (63%) 444 (62%) 249 (59%)
Yes 634 (16%) 132 (15%) 164 (15%) 153 (16%) 121 (17%) 64 (15%)
Not sure 887 (22%) 203 (23%) 212 (20%) 205 (21%) 156 (22%) 111 (26%)

Report of a learning difference 200 (5%) 42 (5%) 44 (4%) 43 (4%) 39 (5%) 32 (8%) .075

Abbreviations: ADHD, attention-deficit/hyperactivity-disorder; Asynch, asynchronous; IEP, individualized education plan; N-b, nonbinary; Sync., synchronous.
Bold p-values indicate statistical significance at p < .001.

a Pearson’s chi-square test with simulated p-values (2000 replications).
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each of these items as covariates. One participant did not provide 
health data and is excluded.

Results

Demographics

Table 1 describes the characteristics of our analytic sample 
parsed by instructional approach (21.1% in-person; 26.4% hybrid; 
24.1% online/synchronous; 17.7% online/mixed; and 10.4% asyn
chronous/no-school). There was a relative balance of grade level and 
gender among instructional approaches. A significant effect of in
structional approach emerged in race/ethnicity (X2 = 218.59, p  <  
.001) with white participants being overrepresented in the in-person 
and hybrid groups relative to non-white peers. SVI distinguished 
instructional approach (X2 = 110.65, p  <  .001) with lower-risk teens 
disproportionately represented in the in-person group. While access 
to computers/tablets (X2 = 48.51, p  <  .001) and rates of private/ 
other types of school was higher for the online instruction groups 
(X2 = 126.37, p  <  .001), these may reflect demand characteristics of 
attending school online. Neither rates of self-reported ADHD, autism, 
nor IEPs/504s or LD differed across groups.

Sleep and perceived academic well-being: Effects of instructional 
approach

Instructional approach distinguished sleep and perceived aca
demic well-being (Table 2 and Appendix I [model outputs]). Sleep 
opportunity was progressively longer (F(4, 4053) = 158.05 p  <  .001; 
η2 = 0.14 [medium/large effect]) and WT later (F(4, 4053) = 415.51, 
p  <  .001; η2 = 0.29 [large effect]) for the hybrid, online and asyn
chronous/no-school groups compared to in-person instruction. Both 
variability (MSSD) in sleep opportunity (F(4, 4053) = 595.93, p  <  
.001; η2 = 0.37 [large effect]) and WT (F(4, 4053) = 749.22, p  <  .001; 
η2 = 0.43 [large effect]) differed between groups. As three groups 
have no variability (by definition) pair-wise comparisons revealed 
higher variability in the hybrid compared to the online/mixed group 
for both sleep opportunity (t(4053) = 10.56, p  <  .001), d = 0.55) and 
WT (t(4053) = 12.78, p  <  .001; d = 0.61 [small effect]).

PROMIS-rated sleep disturbances were in the mild/moderate 
range (e.g., t  >  60). A small main-effect of instruction group in
dicated subtly worse sleep disturbances in non-in-person groups (F 
(4, 4053) = 8.28, p  <  .001; η2 = 0.0081 [small effect]). An effect on 

PROMIS Sleep-Related Impairments did not reach our significance 
threshold (F(4, 4053) = 4.49, p = .0013; η2 = 0.0044 [small effect]).

Our perceived academic well-being variables differed across in
structional approaches. Online groups demonstrated nearly 3-point 
worse cognitive function than the in-person group (F(4, 4053) 
= 22.21, p  <  .001; η2 = 0.021 [small effect]). School connectedness 
was also diminished for online groups (F(4, 4053) = 12.79, p  <  .001; 
η2 = 0.012 [small effect]). Finally, while 65% of the overall sample 
rated school as more stressful compared to before the pandemic, 
school-related stress was most prominent in groups without con
sistent in-person instruction (X2 = 70.13, p  <  .001).

Associations among individual sleep and academic variables

We next turned to pairwise correlations between sleep and 
perceived academic well-being (Fig. 1). We identified moderate 
within-domain associations (Perceived academic well-being: Pear
son’s Rs: 0.23 to 0.33; sleep: Pearson’s Rs: 0.04 to 0.91). Between 
domains, later WTs, more variable sleep opportunity, and higher 
PROMIS-rated sleep disturbances and sleep-related impairments 
were associated with worse outcomes on at least 1 measure (Pear
son’s Rs: − 0.57 to − 0.07). Average sleep opportunity and WT MSSD 
lacked significant associations with any academic variable (Pearson’s 
Rs: − 0.06 to 0.04).

Fig. 1 makes evident overlapping associations between our 
variables. We therefore performed a CCA to reduce dimensionality 
and isolate orthogonal associations between sleep and perceived 
academic well-being. With no associations between average sleep 
opportunity or WT variability and any perceived academic well- 
being, these variables were excluded the CCA. The remaining vari
ables were sorted into two sets: sleep (WT, sleep opportunity 
variability, PROMIS sleep disturbances, and PROMIS sleep-related 
impairments) and perceived academic well-being (stress-free 
school, cognitive function, and school connectedness).

The CCA (Fig. 2) revealed 3 dimensions of association between 
sleep and perceived academic well-being. The first dimension ac
counted for 97.99% (λ[1-3] = 0.61, p  <  .001) of the overall associa
tion between sleep and perceived academic well-being. Fig. 2A
illustrates the significant positive correlation (r = 0.62, p  <  .001) 
between the first dimensions of sleep and perceived academic well- 
being. Examining the loadings of these canonical dimensions on 
individual items reveals that the first canonical sleep variable was 
negatively associated with scores for PROMIS sleep disturbance 

Table 2 
Sleep and perceived academic well-being outcomes 

Overall  
N = 4068

In-person  
N = 868

Hybrid  
N = 1075

Online/Sync.  
N = 980

Online/Mixed  
N = 721

Asynch./No school  
N = 424

p-valuea

Sleep opportunity
Mean (h) 8.2  ±  1.4 7.6  ±  1.2 8.0  ±  1.2 8.1  ±  1.3 8.5  ±  1.3 9.4  ±  1.8 < .001
MSSD (h) 0.5  ±  0.9 0  ±  0 1.2  ±  1.1 0  ±  0 0.9  ±  1.0 0  ±  0 < .001

Wake time
Mean (h) 7.5  ±  1.4 6.3  ±  0.7 7.4  ±  1.1 7.5  ±  1.1 8.2  ±  1.4 9.0  ±  2.0 < .001
MSSD (h) 0.6  ±  1.0 0  ±  0 1.5  ±  1.2 0  ±  0 1.0  ±  1.1 0  ±  0 < .001

PROMIS measures (t-scores)
Sleep disturbance 62  ±  9 61  ±  9 61  ±  10 62  ±  9 63  ±  9 64  ±  9 < .001
Sleep-related impairment 64  ±  10 63  ±  10 63  ±  10 65  ±  10 64  ±  9 63  ±  11 .001
Cognitive function 41  ±  8 43  ±  8 42  ±  7 40  ±  8 40  ±  7 40  ±  8 < .001

Hemmingway school connectedness 3.5  ±  0.6 3.6  ±  0.6 3.6  ±  0.6 3.5  ±  0.6 3.5  ±  0.6 3.4  ±  0.6 < .001
How stressful is school (vs. pre-COVID)?b < .001

A lot more 1730 (43%) 306 (35%) 460 (43%) 439 (45%) 316 (44%) 209 (49%)
A little more 888 (22%) 216 (25%) 274 (25%) 188 (19%) 138 (19%) 72 (17%)
About the same 594 (15%) 181 (21%) 133 (12%) 134 (14%) 95 (13%) 51 (12%)
A little less 483 (12%) 101 (12%) 117 (11%) 128 (13%) 100 (14%) 37 (9%)
A lot less 373 (9%) 64 (7%) 91 (9%) 91 (9%) 72 (10%) 55 (13%)

Abbreviations: ADHD, attention-deficit/hyperactivity-disorder; Asynch, asynchronous; IEP, individualized education plan; N-b, nonbinary; Sync., synchronous.
Bold p-values indicate statistical significance at p < .001.

a p-values from ANOVA or multinomial regression as appropriate.
b Presented as n (%); all other data as mean ± SD.
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(r = − 0.72) and sleep-related-impairments (r = − 0.94); we have la
beled this variable “Sleep quality and consequences.” The first ca
nonical perceived academic well-being correlated most strongly 
with PROMIS cognitive-function (r = 0.99); we labeled this variable 
“Sociocognitive functioning.” Taken together the canonical correla
tion reflects how less troublesome sleep is associated with better 
cognitive function in our sample.

The second canonical correlation (Fig. 2B) was also significant 
(r = 0.11, p  <  .001) yet accounted for only a small degree of additional 
variance (1.98%, p  <  .05, λ[2-3] = 0.99). The second canonical sleep 
variable was negatively correlated with WT and (r = − 0.90) posi
tively correlated with PROMIS sleep-related impairment (r = 0.25). 
We have labeled this variable “sleep timing” to reflect the strong 
association with early wake times. The second canonical academic 
variable positively correlated with school connectedness (r = 0.91); 
thus, we labeled this variable “connectedness.” The canonical cor
relation therefore reflects an association between early WTs and 
school connectedness which is orthogonal to the quality-by-cogni
tion association described above.

The third canonical correlation (Fig. 2C) was not itself significant 
(r = 0.020, p = .22) and contributed only 0.06% of the overall asso
ciation (λ[3-3] = 1.00, p  >  .05).

This CCA analysis suggests two frames through which sleep and 
perceived academic well-being are linked in our data: (1) a positive 
link between higher quality sleep and sociocognitive functioning; and 
(2) an association between appropriately earlier sleep timing and 
school connectedness. As earlier sleep times and higher quality sleep 
are also reflective of in-person school, these data indicate that sleep 
might be a mitigating or mediatory factor on the overall instruction- 
to-academic-well-being association: a possibility we explore below.

Fig. 1. Pairwise correlations between sleep and perceived academic well-being. 
Matrix of pairwise associations examined in analytic step 1. Color indicates the 
strength of Pearson’s R correlations (red: negative, blue: positive). A black “x” in
dicates associations that were not significant at the p  <  .001 level. 
Abbreviations: MSSD, mean successive squared differences; PROMIS Variables: COG, 
cognitive function t-score; SD, sleep disturbances t-score; Sleep Opp., sleep oppor
tunity; SRI, sleep-related impairments t-score; Stress Free sch., stress free school; WT, 
wake time

(caption on next page) 
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Sleep as a mediator of instructional approach and perceived academic 
well-being

A summary of our SEM illustrating the mediation of instructional 
approach and perceived academic well-being by sleep is illustrated in 
Fig. 3 (omitting covariate paths and collapsing across canonical di
mensions). Full model estimates are included in Appendix II.

Overall, the model fit well (RMSEA = 0.040; CFI = 0.99; TLI = 0.85, 
AIC = 65,255.87, adjusted-BIC = 65,556.67). Summing across all three 
canonical dimensions, and across instructional approaches (coded in 
reference to in-person) our model showed evidence of full mediation. We 
identified a significant effect by which instructional approach impacts 
perceived academic well-being through sleep (− 1.012; [− 1.25, − 0.78]). 
The direct effects of instructional approach were no longer significant 
(summed direct-effect: − 0.288; [− 0.78,0.20], p = .26). In summary, the 
less structured one’s instructional approach, the worse their overall 
sleep, and in turn, the worse their academic outcomes. This effect was 
strong, with sleep mediating 77.8% ([54.3%, 125.3%], p  <  .001) the overall 
impact of instructional approach on perceived academic well-being.

The above omnibus paths can be decomposed by each dimension. 
In short (Appendix II), the first canonical dimension (driven by 
PROMIS scores) showed evidence for partial complementary med
iation. That is, the indirect path of instructional approach to per
ceived academic well-being through sleep was significant (− 0.58; 
[− 0.75, − 0.40], p  <  .001), mediating 48.3% of the total effect 
([36.6%, 61.3%], p  <  .001) while the direct effect remained significant 
(− 0.62; [− 0.85, − 0.38], p  <  .001). In the second canonical dimen
sion, the indirect path through sleep (here driven mainly by WTs) 
was again significant (− 0.44; [− 0.59, − 0.29], p  <  .001), while the 
direct path was not (0.15 [− 0.18,0.48], p = .37). As the signs of these 
effects differ, the proportion of the total effect mediated by sleep is 
greater than one (1.51; [− 1.95, 9.81]; p = .96). Finally, in the third 
canonical dimension, there was no evidence of indirect effects of 
sleep or direct effects of instructional approach (p’s  >  .26).

Examining our covariates revealed a series of associations 
(Appendix II), including worse sleep in high-school, better sleep in 
males and worse sleep in nonbinary participants compared to fe
males, and worse sleep in Hispanic participants compared to white 
students. Likewise, for academic outcomes, we identified higher 
scores in high-school, worse scores for nonbinary and male parti
cipants relative to females, and lower scores in Hispanic adolescents 
compared to white students.

Sensitivity analyses: The impact of self-reported neurocognitive burden

We repeated our modeling to add ADHD, LD, IEP/504, and autism 
status as covariates, as each is known to negatively contribute to 
sleep and perceived academic well-being in adolescents. As before, 
the model fit well (RMSEA = 0.039; CFI = 0.99; TLI = 0.82, 
AIC = 652,041.97, adjusted-BIC = 65,436.74). Our core result re
mained. Once again, a significant overall indirect effect of sleep 
(− 0.99; [− 1.21, − 0.76], p  <  .001) was paired with a nonsignificant 
direct effect of instructional approach (− 0.32; [− 0.80,0.18], p = .21), 
providing evidence of mediation, with the indirect effect accounting 
for 75.8% of the overall influence of instructional approach ([53.4%, 
121.7%], p  <  .001). Reporting one of these conditions was uniformly 
associated with negative outcomes. Report of ADHD was negatively 
associated with scores on the first (− 0.30; [− 0.38, − 0.22], 
p  <  .001) and third (− 0.15; [− 0.23, − 0.073], p  <  .001) canonical 
sleep variables. Report of LD showed a similar negative association 
on the first canonical variable (− 0.30; [− 0.45, − 0.15], p  <  .001) and 
a response of “not sure” with respect to IEP/504 was associated with 
lower scores on the third (− 0.13; [− 0.21, − 0.058], p = .001). Similar 
patterns were found in the academic domain. Reports of ADHD 
(− 0.22; [− 0.29, − 0.16], p  <  .001) and LD (− 0.17; [− 0.28, − 0.054], 
p  <  .001) had a negative association with the first canonical aca
demic variable. A “not sure” IEP/504 response was associated with 
lower scores on the second dimension (− 0.21; [− 0.28, 
− 0.13], p  <  .001).

Discussion

We1 and others2-4 have reported that the change to online school 
during COVID-19 altered sleep patterns in adolescents. The current 
study findings highlight that varied instructional approaches were 
associated with adolescents’ perceived academic well-being in ad
dition to shifts in sleep. To that end, we report three main findings.

First, instructional approaches, other than fully in-person were 
associated with longer sleep opportunities and later WTs. However, 
they were also associated with more irregular and disturbed sleep. 
These nontraditional instructional approaches were associated with 
a loss of school connectedness, heightened school-related stress, and 
decreased cognitive function. Second, a strong association emerged 
between sleep and perceived academic well-being. Earlier morning 
WTs, less problematic sleep, and more regular sleep were associated 
with positive outcomes. Third, sleep mediated instructional ap
proach and academic outcomes. Less disrupted and more regular 
sleep explained the associations between in-person instruction and 
more favorable perceived academic well-being.

While earlier WTs appear contradictory to typical adolescent 
sleep recommendations,39 these data do not lend support for earlier 
school start times. Sleep—like so many adolescent behaviors—is ul
timately structured by school schedules. Importantly, earlier 
morning WTs and more regular sleep were most commonly a result 
of in-person instruction. Thus, educators may seek to balance both 
healthy school start times (allowing for sufficient sleep duration) 
and in-person instruction (promoting academic well-being). The 
social vulnerability index distinguished instructional approaches, 
with those at lowest risk also being the most likely to be in-person. 
We must broadly consider structural forces underlying education 
policy in the US and abroad. The current study adds to this discus
sion by showing the contributing role of sleep on academic well- 
being for teens at the height of pandemic uncertainty.

We1 and others2-4 have reported that the changes during the 
COVID-19 pandemic allowed for later wake times and increased 
sleep duration in adolescents. However, our results also indicate 
online instruction was associated with diminished academic well- 
being. A growing mental health crisis from social isolation40-43 joins 

Fig. 3. Overall schematic of structural equation model. A construct-reduced path 
diagram illustrating the overall results of the structural equation model collapsed 
across canonical dimensions, across levels of online instruction with covariate-paths 
masked. Solid paths indicate significance at the p < .001 whereas dotted paths indicate 
nonsignificance

Fig. 2. Canonical correlation analysis: scatter plots for all 3 cardinal dimensions 
(panels A-C). Each scatterplot illustrates the association between the canonical vari
ables identified for sleep (x-axis) and perceived academic well-being (y-axis). Each 
dimension is named based on its loadings on the underlying variables, as indicated by 
the red-blue grids underneath and to the left of the x- and y-axes, respectively. Linear 
regression lines with 95% confidence intervals are overlaid on each plot. 
Abbreviations: MSSD, mean successive squared differences; PROMIS Variables: COG, 
cognitive function t-score; SD, sleep disturbances t-score; Sleep Opp., sleep oppor
tunity; SRI, sleep-related impairments t-score; WT, wake time
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learning loss5-7,9,28 as significant concerns for school districts across 
the country.

These results join broader discussions of school start times to 
support developmentally appropriate sleep for adolescents.44 How
ever, online learning alone is not the solution. Rather, education 
leaders may be able to balance start times with protective aspects of 
in-person school,45 such as stress-free education and social con
nectedness. In the current study, sleep regularity and wake time 
were particularly linked to school connectedness. Both were sensi
tive to the dissolution of a typical 5-day in-person school week. 
Stable routines were associated with both sleep consistency and a 
positive relationship to school. However, these findings should be 
considered within the context of the shorter sleep duration pre
viously reported with unhealthy, early start times.1,46

While districts work to recover achievement, adolescents are 
struggling not only from learning loss but a sense of lost community 
and higher rates of depression and anxiety.40,41,43 Simultaneously, 
many parents are taking advantage of new options including per
manent asynchronous learning. In all cases, sleep must be con
sidered. Our sleep-mediated effects extended not only to cognitive 
function but to school connectedness,33,35,45,47,48 a key component of 
adolescent socioemotional development which supports healthy 
relationships and mental health and was lost during the pandemic.49

Sleep may not be the ultimate panacea but it can support resi
lience42 to otherwise deleterious effects when the standardized and 
social connected school environment is altered.

This study’s limitations are endogenous to its design. Data col
lection was observational and cross-sectional and therefore cannot 
rule out all response or sampling biases which may influence these 
effects. Moreover, while able to parse associations in bivariate and 
multivariate frameworks, the ultimate directionality of these effects 
is probably complex and could not be ascertained.

Data collection was limited to a single self-reporter, introducing 
some expected covariance between items (an issue addressed with 
data reduction through CCA). An additional drawback was the lack of 
academic performance measures (e.g., grades). We note that grades 
in isolation omit the contextual factors of perceived academic well- 
being examined here, notably a student’s orientation to their peers 
and their educational setting. Our recent parallel report indicated 
that healthy sleep and in-person education were also protective of 
depression and anxiety.50 Together these studies highlight the im
portance of considering broad contributions to academic well-being 
in students in the post-COVID era.

Regarding our operationalization of sleep, while our survey de
fined BT as trying to fall asleep rather than the time of getting into 
bed, we did not have access to sleep latency or wake after sleep 
onset. Thus, like in our original report1 we pose sleep opportunity as 
a mere proxy for duration, but one that may mask disrupted sleep 
continuity (e.g., sleep latency, shut-eye latency, wake after sleep 
onset, and so forth). Our measure of variability, MSSD, is an ap
proximation limited by the nature of our data collection which 
captured sleep related to specific instructional approaches rather 
than in reference to individual days of the week.

When considering our study’s representativeness, we are limited 
by a narrow selection of demographic variables.1 While no direct 
measure of socioeconomic status was included (with parents not 
assessed in the survey), zipcode data allowed us to compute the 
social vulnerability index (integrating factors such as transportation 
access, housing, and average regional income), with 43% of the 
sample carrying above moderate level scores. Ninety-four percent of 
students reported attending public school, slightly higher than a 
2019 National Center for Education Statistics estimate of 91%.51 With 
respect to race and ethnicity, despite our best recruitment efforts, 
our sample included fewer Black participants (4.1%) than the U.S. 
Census (14.4%). With respect to geographical representation, data 
was acquired from all 50 U.S. states and two overseas jurisdictions; 

thus, while representative of the broad U.S. population, these data 
lack international representation where other COVID-19 policies 
may have been in place. Finally, we note an intrinsic limitation to 
representativeness in our sample as each teen needed technological 
access and an active social media presence to engage with the 
survey. Taken together, these data may limit the generalizability of 
these findings to other similar samples. Ultimately, discussion across 
published datasets is warranted linking COVID-19′s impact on 
school, sleep, and learning with social determinants of health in
cluding race-ethnicity-linked disparities. By engaging in such com
parative literature, each study’s deficits in representativeness may 
be overcome.

Conclusions

As society emerges from the pandemic, the discussion on school 
schedules continues at local, state, and national levels. Findings from 
this study do not support earlier school start times, but rather the 
benefits of in-person instruction coupled with healthy sleep and 
age-appropriate start times. In cases where school starts earlier than 
developmentally appropriate, our findings indicate that sleep may 
ultimately protect adolescents when their school structure is dis
rupted. This work joins a broader literature on sleep and academic 
success, supporting policies for later, healthy, and developmentally 
appropriate school start times.39,46
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