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Abstract 

The psychomotor vigilance test (PVT) is a widely-used, minimally invasive, inexpensive, portable, and easy to administer behavio-
ral measure of vigilance that is sensitive to sleep loss. We conducted analyses to determine the relative sensitivity of the PVT vs. 
the multiple sleep latency test (MSLT) and the maintenance of wakefulness test (MWT) during acute total sleep deprivation (TSD) 
and multiple days of sleep restriction (SR) in studies of healthy adults. Twenty-four studies met the criteria for inclusion. Since 
sleepiness countermeasures were administered in some of these studies, the relative sensitivity of the three measures to these 
interventions was also assessed. The difference in weighted effect size (eta-squared) was computed for each pair of sleepiness 
measures based on available raw test data (such as average PVT reaction time). Analyses revealed that the sleep measures were 
differentially sensitive to various types of sleep loss over time, with MSLT and MWT more sensitive to TSD than the PVT. However, 
sensitivity to SR was comparable for all three measures. The PVT and MSLT were found to be differentially sensitive to the admin-
istration of sleepiness countermeasures (drugs, sleep loss, etc.), but PVT and MWT were found to be comparably sensitive to these 
interventions. These findings suggest the potential utility of the PVT as a component of next-generation fatigue risk management 
systems.

Key words: Psychomotor Vigilance Test; Multiple Sleep Latency Test; Maintenance of Wakefulness Test; objective sleepiness; 
meta-analysis; relative sensitivity

Statement of Significance

The potential utility of the PVT as a component of a comprehensive fatigue risk management system depends, in part, on its sensi-

tivity to sleep loss. In the present analyses, it was found that the MSLT and MWT are more sensitive to total sleep deprivation than 

the PVT, but that sensitivity to multiple nights of sleep restriction (a common problem in operational environments) was compara-

ble for all three measures. It was also found that the PVT and MWT were comparably sensitive to sleepiness interventions (e.g. caf-

feine). These findings suggest the potential utility of the PVT as a component of next-generation fatigue risk management systems.

Introduction

Sleepiness in the operational environment constitutes a threat 

to operator performance [1–3] and safety [4, 5] in the short term, 

and operator health [6–8] in the longer term. Sleep disorders such 

as obstructive sleep apnea (OSA) have a high incidence among 

working-age adults with a worldwide estimate of 936 million peo-

ple aged 30–69 years [9], and the danger to public safety posed by 

operators with OSA-associated chronic sleepiness is well known 

[10]. Of course, sleepiness constitutes a danger in operational 

environments regardless of the cause of that sleepiness, and 

regardless of whether it is chronic or acute sleepiness. Because 

sleepiness resulting from random, situational causes (working 

a double shift, jet lag, etc.) is a universal experience, there is a 

longstanding and ongoing need to accurately identify individual 

operators who are significantly, even if only transiently, impaired 

due to sleepiness.
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Prior to the introduction of the psychomotor vigilance test 

(PVT) by Dinges and Powell [11], those of us engaged in efforts to 

understand, measure, and mitigate the effects of inadequate sleep 

in the operational environment were in a quandary: Recognizing 

that it is impossible to manage, much less investigate, that which 

cannot be measured (G. Belenky, personal communication), the 

problem was that there existed no standard, sensitive, and logis-

tically feasible way to objectively assess and quantify sleepiness 

in the operational environment.

Although the easiest way to assess sleepiness is to simply ask 

operators to rate their current level of sleepiness on a validated 

subjective rating scale (e.g. the Stanford Sleepiness Scale [12] or 

the Karolinska Sleepiness Scale [13], it has been found that the 

sensitivity (and thus the accuracy and operational utility) of sub-

jective sleepiness scales wane under conditions of chronic sleep 

restriction [14, 15]. Over time, operators can become subjectively 

inured to a chronically elevated level of sleepiness [14]. In addi-

tion, for a variety of reasons, operators may not be willing to accu-

rately report their subjective sleepiness level [16, 17]. Therefore, 

while self reports of excessive sleepiness should always be taken 

seriously in the operational environment, subjective ratings that 

fall within the normal range cannot always be trusted to reflect 

objective reality. Therefore, objective measurement of sleepiness 

is a de facto requirement.

Since its introduction in 1977, the “gold standard” for objec-

tively measuring sleepiness has been the multiple sleep latency 

test (MSLT) [18]. In this test, the latency to initiate sleep during 

multiple naps administered across the day under sleep-condu-

cive conditions is assessed. Later, because of possible floor effect 

with the MSLT, the maintenance of wakefulness test (MWT) was 

introduced [19]. The MWT is similar to the MSLT, except that the 

individual being tested is instructed to remain awake (i.e. resist 

sleepiness)—typically while reclining in a comfortable chair in 

a dimly lit room for 20–40  min. Recognizing that the ability to 

resist sleep onset is more relevant to operational performance 

than the ability to initiate sleep—and consistent with the finding 

that the MWT is sometimes more sensitive to improvements in 

alertness following treatment of a sleep disorder [20]—it has been 

suggested that the MWT should be used to test and verify that an 

individual’s sleepiness level is not so high that his/her ability to 

function safely in operational environments is impacted [20, 21]. 

Although it has been argued that this is not an appropriate use of 

the MWT [22], it is currently one of the (several) measures used by 

the US Air Force [23] and US Navy [24] to recertify pilots who have 

been diagnosed with, and are being treated for, obstructive sleep 

apnea. Likewise, although it “remains controversial” the FAA has 

also sometimes requested MWT testing in commercial pilots [25].

The American Academy of Sleep Medicine (AASM) does not 

currently endorse using the MWT to help determine whether 

operators can safely perform their duties, taking the position 

that more research on the relationship between MWT results and 

actual operational performance is needed [26]. Indeed, the debate 

regarding whether or not the MWT should be used to inform 

decisions regarding the ability of individuals to function safely 

in operational environments reflects, in part, differing opinions 

regarding the extent to which the relevant scientific literature 

justifies this use of the MWT (see [21, 22]). Unfortunately for those 

presently tasked with determining whether pilots (or other oper-

ators) with sleep apnea are too sleepy to return to duty despite 

being treated with continuous positive airway pressure, the AASM 

does not currently endorse any measure for such an assessment. 

And for those presently charged with determining whether a 

sleep apneic pilot being treated with CPAP should be allowed to 

resume flying, waiting for more research is not an option.

There have long been, and continue to be, many efforts to 

develop new measures of sleepiness, however none have been suf-

ficiently validated as stand-alone predictors of operational per-

formance and safety (for a review see Baiardi and Mondini [27]). 

Given this state of the science (i.e. a dearth of good options), and 

given that there is some scientific literature that supports using it 

for this purpose, it is not surprising that MWT data continue to be 

utilized to inform return-to-duty decisions, and can currently be 

considered a “less-than-gold standard” for this purpose.

However, measurement of SOL requires polysomnography and 

continuous monitoring by technical personnel who are proficient 

at identifying polysomnographic indicators of sleep onset in real 

time. This, along with the fact that these assessments are often, 

but not always, performed in conjunction with a prior full night 

of polysomnography [28], renders their widespread use to screen 

for sleepiness in operational environments both logistically and 

financially infeasible. Such assessments are therefore typically 

performed only when a sleep disorder has been identified or is 

suspected. And, obviously, another limitation is that MWT find-

ings do not provide insight into the operationally meaningful day-

to-day (or hour-to-hour) transient variations in sleepiness that 

can result from the occasional poor night of sleep (e.g. due to the 

need to care for a sick child). MWT findings only allow inferences 

about chronic (i.e. trait-like) sleepiness. Therefore, as stated in the 

AASM position paper [26]: “Ultimately, more time-efficient and 

cost-effective tests are needed to assess sleepiness and wakeful-

ness. Especially valuable would be the development of fast and 

reliable field tests for sleepiness and alertness.”

Although it is not a measure of sleepiness per se, the PVT may 

fill this gap. It is relatively inexpensive, portable, minimally inva-

sive (especially the 3-min version of the PVT [29]), objective, and 

highly sensitive to sleep loss [30]. And, although it does not gen-

erally correlate well with other performance measures [31], it is 

nonetheless an excellent tool for reflecting the effects of sleepi-

ness on operational performance, for the following reasons:

Like the MWT, the PVT reflects the ability to sustain wakeful-

ness (i.e. fight sleepiness). However, an added advantage (in terms 

of relevance to operational performance) is that it also reflects 

the extent to which an individual is able to perform a task while 

fighting sleepiness. The ability to maintain focus and engage in 

the performance of a task while resisting sleep is essentially what 

is required in many operational scenarios.

In addition, although virtually all operational tasks require 

some measure of sustained attention, few tasks require the same 

level of continuous, focused attention that the PVT requires. 

For example, it has been shown that experienced adult drivers 

take their eyes off the road to check the rearview mirror more 

often than inexperienced teen drivers—a practice that actually 

enhances situation awareness and safety [32]. In contrast, in order 

to maintain normal performance on the PVT (i.e. keep response 

times shorter than 0.5  s) it is necessary to continuously moni-

tor the screen. The ability to continuously concentrate (maintain 

focus) for an extended period is especially sensitive to the det-

rimental effects of sleep loss [33]. This may be why PVT perfor-

mance is more sensitive to sleep loss than most other behavioral 

measures [30], and why it is therefore logically a good potential 

predictor of sleep loss-induced performance deficits in a variety 

of operational environments. Pizza et al. [34] have shown that 

the driving performance (on a driving simulator) of sleep apneics 

accurately reflects sleepiness as measured by both the MSLT and 
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MWT, but especially by the MWT (as would be expected based 

on the previous discussion in which it was pointed out that the 

MWT is more closely aligned with operational task performance 

than the MSLT, because the former requires “fighting sleepi-

ness” whereas the latter involves “surrendering to sleepiness”). 

Because performance on the PVT, like driving performance (or 

any other operationally-relevant task) requires that the effects 

of sleepiness be resisted, it is reasonable to hypothesize that PVT 

performance more closely reflects SOL on the MWT than on the 

MSLT. Consistent with this hypothesis, the primary objective of 

the present study was to determine the relative effect size of the 

PVT vs. the MSLT and MWT during sleep loss and in response to 

various experimental manipulations (see Tables 1, 2 and 3).

Methods

We identified studies in the literature in which both the PVT and 

a sleep latency test (MWT or MSLT) were administered to healthy 

adult participants, and for each study, computed the difference in 

effect sizes between the pairs of tests. The goal of the analysis was 

to determine whether the difference in effect size computed from 

two of these measures obtained in the same study, when averaged 

across all studies in the review, differed significantly from zero. 

Significant effect size differences would indicate that the PVT and 

sleep latency test were differentially sensitive to study manipu-

lations. The following sections describe the methodologies used 

for acquiring the articles and for comparing effect sizes of test 

outcomes. This review followed the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) statement 

guidelines (see Supplementary Table SM 1 for PRISMA checklist). 

The review protocol was not registered.

Search strategy and selection
Article citations were generated via PubMed using keywords that 

directly contained the names of PVT and sleep latency tests: 

(“maintenance wakefulness test” OR “MWT” OR “sleep latency test” 

OR “MSLT” OR “objective sleepiness” OR “psychomotor vigilance”) AND 

“sleep”. The following criteria were used for selecting the arti-

cles: (1) peer-reviewed article published in English, (2) all par-

ticipants were healthy adults (age >  18 years), (3) participants’ 

sleep (including short naps) was monitored in a sleep laboratory 

at one point throughout the course of the study, and (4) both PVT 

and MWT (or PVT and MSLT) were performed and test results 

(means and SD) were reported. Abstracts, reviews, book chap-

ters, and case reports were excluded and no limit on publication 

time was imposed. The search was performed between March 23, 

2021 and February 23, 2022 and generated 1900 citations. One 

reviewer screened the titles and abstracts of all articles against 

the inclusion criteria. If the abstracts contained insufficient infor-

mation to determine eligibility, the reviewer performed full-text 

screening. For each article that was selected from the screening, 

a second reviewer verified the eligibility by performing another 

round of full-text screening. Any differences in the reviewers’ 

decisions were resolved by a third reviewer. All reviewers worked 

independently. After article screening, a total of 18 articles were 

selected for the review.

In addition to the search performed using test-specific key-

words, we also utilized an additional database that contained a 

large corpus of studies where sleep manipulations (sleep depri-

vation, sleep restriction, nap) were performed in healthy adult 

participants. The additional database was compiled by enter-

ing the following keywords on PubMed: “sleep loss” OR “sleep 

deprivation” OR “sleep restriction” OR (“nap” AND (“performance” OR 

“emotion”)). We supplemented the original search with data from 

the additional database because studies are only identified on 

PubMed if the matching keywords are contained in the title or 

the abstract. As there are many studies where the PVT/MWT/

MSLT are mentioned only in the paper’s body, a large number of 

studies were potentially missed in the original search. An article 

search for the additional database was carried out between June 

2020 and February 2022 and generated 15 600 citations. To create 

the additional database, 12 research assistants performed full-

text screening based on the following criteria: (1) the publication 

was peer-reviewed and published in English, (2) all participants 

were healthy adults, (3) participants’ sleep was monitored in the 

sleep research laboratory. For each article, at least two research 

assistants read through the entire article and verified whether all 

inclusion criteria were met. Any conflicts were resolved by a third 

reviewer. The screening process resulted in 1286 publications in 

the additional database. In addition to screening, the research 

assistants also extracted a variety of types of information from 

each paper, some of which were not relevant to the purpose of 

the current review (authors, publication year, PMID, number of 

participants, age, types of sleep manipulations, types of tests or 

interventions performed, screening methods, participants eligi-

bility). Data concerning whether the PVT, MWT, and MSLT were 

performed were also collected in the additional database and 

were used as a basis for selecting articles for the present review. 

Figure 1 depicts the selection process.

Of 1286 studies in the additional database, nine studies were 

found in which both the PVT and a sleep latency test (MWT or 

MSLT) were performed and raw test outcomes (means and SD) 

were available. Together with the original search results, 27 stud-

ies were selected for the review.

Post-hoc study screening
To ensure that the study data were obtained under comparable 

conditions, we imposed additional screening criteria to studies in 

our database. For the first analysis of the review, studies were fur-

ther screened according to whether the PVT and MWT/MSLT data 

were obtained at similar times of day, and whether all subjects 

within a study contributed to all of the extracted datasets. For 

example, Vgontzas et al. [59] reported that their PVT results were 

based on a subset of 18 participants, whereas the MSLT results 

were based on the entire sample of 25 subjects, data from this 

study were therefore excluded from the analyses. In addition, we 

verified that all studies selected for the review involved independ-

ent samples of participants. As a result of this post-hoc screening, 

three studies were excluded from the review [59–61], resulting in 

24 studies in the final analysis (see Figure 1 and Tables 1 and 2).

In the second analysis of the review, studies were further 

screened and selected for the analysis if (1) either sleep restric-

tion or total sleep deprivation was performed, and (2) the average 

test scores (and SD) for PVT and MWT and/or MSLT were avail-

able for different days or at different times-of-day during sleep 

loss. Of 24 studies selected for the review, 13 met both criteria and 

were included in the final analysis (see Table 3).

Data extraction
The following types of information were extracted from each 

study: (1) publication information (authors, publication year, 

PMID); (2) participants’ characteristics (age, N); (3) study design; 

(4) primary study intervention and experimental conditions; (5) 

type, length and days of sleep loss (if any); (6) MWT/MSLT sleep 

onset latency data (means and SD); and (7) raw outcome of PVT 
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(means and SD of speed and number of lapses). As raw test out-

comes for PVT, MWT, and MSLT were frequently published only 

in the visual form (i.e. in a plot or a graph), an online webtool 

(WebPlotDigitizer V.4.5; https://automeris.io/WebPlotDigitizer/) 

[62] was used to extract means and SD of test results from the 

papers not reporting raw test outcomes in numeric form. The 

use of web-based tools to estimate data from graphs is common 

for systematic reviews [63, 64], and is recommended for research 

based on evidence concerning the reliability and validity of the 

extracted data [65]. One reviewer extracted each item of data 

from the paper. The accuracy of the extracted data was veri-

fied by a second reviewer. Any conflicts were resolved by a third 

reviewer.

Effect size computation
The present analyses were performed to determine whether 

the difference in effect size of two measures obtained from the 

same study, when averaged across all studies in the review, was 

significantly different from zero. We first computed the effect 

sizes (eta-squared;η2) of each test administered in the study (PVT 

and MWT or PVT and MSLT) using raw test data. For the PVT, 

raw test data corresponded to means and standard deviation (SD) 

of one or several outcome metrics (lapse, mean RT, median RT, 

mean 1/RT, fastest 10% RT, slowest 10% RT, PVT error) chosen for 

the study. For the MWT or MSLT, raw test data corresponded to 

means and SD of sleep onset latency. R package “rpsychi” was 

used to compute effect size estimates [66]. The effect size com-

putation involved running a one-way ANOVA model to analyze 

the effect of the study interventions on each test outcome. Eta-

squared was computed as the proportion of the effect’s sum of 

square to the total sum of square based on the output informa-

tion reported in ANOVA.

η
2
=

SS Ef fect

SS Total

The calculated effect size in each study reflects the proportion 

of variance in the data that is explained with the membership of 

Table 1. Table displaying characteristics of all studies where both PVT and MWT were performed

Study Study design Primary independent 

variable(s) 

Experimental condition  

(N per cond) 

Reported raw outcome

Sleep latency PVT 

Banks et al. [35] Between-subject Amount of recovery sleep 0 h-TIB (13);
2 h-TIB (27);
4 h-TIB (29);
6 h-TIB (25);
8 h-TIB (21);
10 h-TIB (27)

MWT latency to 
Microsleep

Lapse (>500 ms);
Fastest 10% RT

Doty et al. [36] Between Caffeine Caffeine 200 mg (24);
Placebo (24)

MWT latency to 
Stage 1

Lapse (>500 ms);
Speed (1/
RT × 1000)

Gasior et al. [37] Between Drugs (Lisdexamfetami-ne) LDX 20 mg (27);
LDX 50 mg (27);
LDX 70 mg (27);
Armodafinil 250 mg; (27);
Placebo (27)

MWT latency to 
Stage 1

Median RT (least 
SQRT transformed)

Goel et al. [38] Between Genotype (PER3) PER34/4 (52);
PER34/5 (63);
PER35/5 (14)

MWT latency to 
Microsleep

Lapse (>500 ms)

Goel et al. [39] Between Cognitive workload and 
Sleep restriction

Moderate WL + SR (18);
Moderate WL + NSR (11);
High WL + SR (18);
High WL + NSR (16)

MWT latency to 
Microsleep

Lapse;
Mean 1/RT

Rupp et al. [40] Between Sleep extension Extended (12);
Habitual (12)

MWT latency to 
Microsleep

Lapse (>500 ms);
Mean 1/RT

Rupp et al. [41] Between Social condition and 
personality type

Extravert/enriched (11);
Introvert/enriched (13);
Extravert/impoverished (12);
Introvert/impoverished (12)

MWT latency to 
Stage 1

Transformed lapse 
(>500 ms);
Mean 1/RT

Rupp et al. [42] Between Genotype (PRE3 and 
ADORA2A)

PER34/4 (7);
PER34/5 (10);
ADORA2AC/T (9);
ADORA2AT/T (9)

MWT latency to 
Stage 1

Lapse (>500 ms);
Mean 1/RT

Schweitzer et al. 
[43]

Between Nap and caffeine Nap (17);
Caffeine (17);
Nap and caffeine (17);
Placebo (16)

MWT latency to 
Stage 1

Lapse (>500 ms, 
SQRT transformed)

Wright et al. [44] Between Caffeine and Light Bright light caffeine (10);
Bright light placebo (10);
Dim light caffeine (9);
Dim light placebo (9)

MWT latency to 
Stage 1

Mean RT

Wright et al. [45] Between Menstrual phase Luteal (9);

Follicular (8);

Oral contraceptive (8)

MWT latency to 

Stage 2

Mean RT 

(difference from 

baseline)

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
le

e
p
a
d
v
a
n
c
e
s
/a

rtic
le

/3
/1

/z
p
a
c
0
3
4
/6

7
0
6
9
1
7
 b

y
  s

u
p
p
o
rt o

n
 0

8
 J

a
n
u
a
ry

 2
0
2
3

https://automeris.io/WebPlotDigitizer/


Chaisilprungraung et al. | 5

different groups defined by the study’s intervention. Eta-squared 

was preferred over standardized mean differences (Cohen’s d) 

because the primary independent variable of a study was often 

comprised of multiple experimental conditions (e.g. 3 h vs. 5 h 

vs. 7  h vs. 9  h-TIB for sleep dose [47]). Whereas η2and other 

effect sizes in the correlation family (ω2 , Pearson′
s r, etc.) allow 

for measuring the association strength among multiple experi-

mental conditions in the study, standardized mean differences 

(cohen’s d) allow for comparison of average means only between 

two conditions. In some studies where multiple independent var-

iables were present (e.g. light and caffeine), we constructed a sep-

arate ANOVA for each independent variable and reported all η2 

estimates for the study.

For the first analysis of the review, all raw data available in the 

article were used in the analysis except those data from base-

line or pretreatment days, because these data were neutral with 

respect to our primary hypothesis. Some studies also included 

a multiple night sleep-satiation phase prior to sleep loss (“sleep 

banking” studies) but there were too few of these studies to assess 

the effects of sleep satiation. In the second analysis, only data 

from control or placebo groups were used. This was in order to 

control for the effects of other manipulations (pharmacological 

or other interventions), and to ensure that the computed effect 

size most closely reflects the pure effect of sleep loss. For stud-

ies that included no control condition, data were selected from 

the experimental group that was hypothesized to most closely 

resemble the baseline condition.1

Table 2. Table displaying characteristics of all studies where both PVT and MSLT were performed

Study Study 

design 

Primary independent 

variable(s) 

Experimental condition (N per cond) Reported raw outcome

Sleep latency PVT 

Arnal et al. [46] Within-
subject

Sleep extension Sleep extension (14);
Habitual sleep (14)

MSLT latency to 
Stage1

Lapse (>500 ms);
Speed (1/RT × 1000)

Belenky et al. [47] Between Sleep dose 3 h-TIB (18);
5 h-TIB (16);
7 h-TIB (16);
9 h-TIB (16)

MSLT latency to 
Stage1

Lapse (>500 ms);
Speed (1/RT × 1000); 
Fastest 10% RT

Drake et al. [48] Within Sleep loss speed Control, 8 h-TIB (12);
Slow, 6 h-TIB (12);
Intermediate, 4 h-TIB (12),
Rapid, 0 h-TIB (12)

MSLT latency to 
Stage1

Lapse (>500 ms);
Median RT;

Franzen et al. [49] Between Total sleep 
deprivation

SD (15);
Non SD (13)

MSLT latency to 
Stage1

Lapse (>500 ms);
Mean RT

Guilleminault et 
al. [50]

Within Auditory stimulation Stim without arousal (6);
Stim with arousal (6)

MSLT (not 
reported)

Lapse (not reported);
Mean RT;

Ikeda et al. [51] Within Type of awakening Forced-awakening (11);
Self-awakening (11)

MSLT latency to 
Stage1

Lapse (>500 ms);
Mean RT;
Fastest 10% RT

Lamond et al. 
[52]

Between Combination of TSD 
and recovery

24 h SD + 9 h REC (10); 24 h SD+6 h REC 
(10); 48 h SD + 9h REC (10)

MSLT latency to 
Stage1

Lapse (>500 ms);
Speed (1/RT × 1000); 
Fastest 10% RT

McBean et al. [53] Within Sleep fragmentation Baseline in-lab (11);
Post-fragmentation (11)

MSLT latency to 
Stage1

Lapse (not reported);
Mean RT;
Slowest 10% RT

Pejovic et al. [54] Within Period during sleep 
restriction

Baseline (30);
Restriction (30);
Recovery (30)

MSLT latency to 
Stage1

Lapse (not reported);
Median RT;
Fastest 10% RT;
Slowest 10% RT

Roehrs et al. [55] Mixed Sleep restriction and 
ethanol

Ethanol 0.0 g/kg (20);
Ethanol 0.3 g/kg (20);
Ethanol 0.6 g/kg (20);
Ethanol 0.9 g/kg (20);
8 h-TIB (12);
6 h-TIB (12);
4 h-TIB (12);
0 h-TIB (12)

MSLT latency to 
Stage1

Lapse (not reported); 
fastest 10% RT

Sauvet et al. [56] Within Exercise training Pretraining (16);
Posttraining (16)

MSLT latency to 
Stage1

Speed (1/RT × 1000);
Errors (“RT <80 ms 
of >500 ms”)

Walsh et al. [57] Between Modafinil Modafinil (16);
Placebo (16)

MSLT latency to 
Stage1

Lapse (>500 ms)

Walsh et al. [58] Between Gaboxadol Gaboxadol (20);

Placebo (21)

MSLT latency Mean RT;

Slowest 10% RT

1 In particular, data for the Wright and Badia study [45] were selected 
from the ‘follicular group’ as it was hypothesized that the performance 
of this group was not affected by increased alertness due to rising body 
temperature (unlike the luteal and the oral contraceptive group). Similarly, 
PER3 4/5 and ADORA2AT/T groups were included from the Rupp et al. study 
[40] because these genotypes were hypothesized to be less resilient to sleep 
restriction.
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Difference in weighted effect size ( ∆ ESw)

To compare the sensitivity of test outcomes, we computed the differ-

ence in weighted effect size for each pair of test measures (PVT lapse 

vs. MWT sleep latency, PVT RT vs. MWT latency, PVT lapse vs. MSLT 

latency, PVT RT vs. MSLT latency). The weighting was performed to 

account for the variability in sample size and study design. Because 

the studies in our review recruited different numbers of participants 

and administered different numbers of experimental conditions, 

the η2estimate was weighed by N per condition. N per condition was 

derived by dividing the total number of subjects by the number of 

experimental conditions in between-subjects studies. For studies 

with a repeated-measures design, N per condition is the same as 

the total N. To preserve the original scaling, N per condition was fur-

ther normalized to the scale of 0–1, with values closer to 1 denoting 

a higher sample size per experimental condition. The difference 

in weighted effect size ( ∆ ESw) was derived by subtracting the 

weighted effect size of the sleep latency test from the weighted effect 

size of the corresponding PVT in the study. The formula for comput-

ing ∆ ESwfor each study can be summarized as follow:

∆ESw =

Ä

η2PVT − η2MWT,MSLT

ä

×N/conditionscaled

All analyses and effect size computations were performed using R 

[67].

Risk of bias analysis
Two reviewers independently assessed the risk of bias using a 

revised Cochrane Risk of Bias assessment tool for randomized 

controlled trials (RCTs) [68]. The risk of bias was assessed at the 

level of individual studies within five domains: randomization 

process; deviations from the intended interventions; missing out-

come data; measurement of the outcome; and selection of the 

reported result. Each domain was classified as low, some concerns, 

or high risk of bias based on the judgment of the reviewer and 

an overall risk of bias for each study was determined. Reviewer 

classifications were compared and discrepancies were resolved 

in agreement.

Results

Effects of primary independent variables
Of 24 studies included in the final analysis of the review, 11 

studies utilized both PVT and MWT and 13 utilized both PVT 

and MSLT (see study characteristics in Tables 1 and 2). Studies 

utilizing data from PVT lapse (defined as RT > 500 ms; 18 of 24 

studies, 75.0%) constitute the majority in our review. The sec-

ond most common PVT metric was speed (mean 1/RT × 1000; 10 

studies, 41.7%), followed by mean RT (6 studies, 25.0%), fastest 

Table 3. Table displaying characteristics of all studies included for sleep loss effect size analysis

Study Study design Primary independent variable(s) Experimental 

condition

(N per cond) 

Reported raw outcome

Sleep 

latency 

PVT 

Doty et al. 
[36]

Sleep restriction (5 
nights; 5 h-TIB)

SR1, SR2, SR3, SR4, SR5 Placebo (24) MWT 
Stage1

Lapse (>500 ms);
Speed (1/RT × 1000)

Goel et al. 
[39]

Sleep restriction 
(5 nights; 4 h-TIB)

SR1, SR4, SR5* Moderate 
WL + SR (18)

MWT 
microsleep

Lapse;
Mean 1/RT

Rupp et al. 
[42]

Sleep restriction 
(7 nights; 3 h-TIB)

SR1, SR2, SR3, SR4, SR5, SR6, SR7 PER34/5 (10) and 
ADORA2AT/T (9)

MWT 
Stage1

Lapse (>500 ms);
Mean 1/RT

Rupp et al. 
[40]

Sleep restriction 
(7 nights; 3 h-TIB)

SR1, SR2, SR3, SR4, SR5, SR6, SR7 Habitual (12) MWT 
microsleep

Lapse (>500 ms);
Mean 1/RT

Rupp et al. 
[41]

Total sleep 
deprivation (36 h)

2200, 0000, 0200, 0400, 0600, 0800, 
1000, 1200, 1400, 1600

Introvert/
impoverished 
(12)

MWT 
Stage1

Transformed lapse (>500 ms);
Mean 1/RT

Wright and 
Badia [45]

Total sleep 
deprivation (24 h)

2130, 0030, 0330, 0630† Follicular (8) MWT 
Stage2

Mean RT (difference from baseline)

Wright et al. 
[44]

Total sleep 
deprivation 
(45.5 h)

Night1: 2130, 0030, 0330, 0630 and 
night2: 2130, 0030, 0330, 0630†

Dim light 
placebo (9)

MWT 
Stage1

Mean RT

Drake et al. 
[48]

Sleep restriction 
(4n, 6 h-TIB)

SR1, SR2, SR3, SR4 Slow, 6h-TIB 
(12)§

MSLT 
Stage1

Lapse (>500 ms);
Median RT;

Ikeda et al. 
[51]

Sleep restriction 
(4n, 5 h-TIB)

1000, 1100, 1200, 1300, 1400, 1500, 
1600

Self-awakening 
(11)

MSLT 
Stage1

Lapse (>500 ms);
Mean RT;
Fastest 10% RT

Walsh et al. 
[58]

Sleep restriction 
(4n, 5 h-TIB)

SR3, SR4£ Placebo (21) MSLT Mean RT;
Slowest 10% RT

Belenky et 
al. [47]

Sleep restriction 
(7n, 3,5-TIB)

SR1, SR2, SR4, SR4, SR5, SR6, SR7 3h-TIB (18) and
5h-TIB (16)

MSLT 
Stage1

Lapse (>500 ms);
Speed (1/RT × 1000); Fastest 10% RT

Arnal et al. 
[46]

Total sleep 
deprivation (33h)

0000, 0300, 0600, 0930, 1300, 1600 Habitual (14) MSLT 
Stage1

Lapse (>500 ms);
Speed (1/RT × 1000)

Sauvet et al. 

[56]
Total sleep 

deprivation (33 h)

0200, 0600, 0930, 1300, 1600 Pre-training (16) MSLT 

Stage1

Speed (1/RT × 1000);

Errors (“RT <80 ms of >500 ms”)

“MWT raw data not available for Day 2 and 3 (and was thus excluded from the analysis).
† For both studies, MWT (but not PVT) was also conducted at 0915 h.
§ Data from intermediate (4 h-TIB) and rapid (0 h-TIB) groups were not included due to limited time points available for PVT/MSLT.
£ Raw data not available for SR1 and SR2.”
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10% RT (6 studies, 25.0%), median RT (3 studies, 12.5%), slowest 

10% RT (3 studies, 12.5%), and PVT error (defined in the paper 

as “RT < 80 ms of > 500 ms”; 1 study, 4.2%). Table 4 below shows 

the weighted effect size 
(

η
2
)

 for each test outcome, as well as 

the difference in weighted effect size calculated for each pair 

PVT vs. sleep latency test (for unweighted effect size data, see 

Supplementary Table SM 2).

To determine the relative sensitivity of PVT vs. sleep latency 

tests, we performed one-sample t-tests to analyze whether the 

average effect size difference 
Ä

∆ ESw

ä

 was significantly different 

from zero. Due to the variety of PVT metrics available and the 

limited number of studies in our review, the analysis grouped 

together PVT data according to whether the metric corresponded 

to number of lapse or was derived from reaction time (i.e. mean 

RT, mean 1/RT, fastest 10% RT, slowest 10% RT, median RT; hence-

forth: “RT-based PVT”) to increase the power of the analysis. For 

this analysis, data from PVT error was excluded because it fit nei-

ther category and was available in only one study.

Figure 2 shows the bar plot of ∆ ESw  across different pairs of 

test outcomes. On the x-axis are the various comparisons (PVT 

lapse vs. MWT sleep latency, RT-based PVT vs. MWT latency, PVT 

lapse vs. MSLT latency, RT-based PVT vs. MSLT latency). The y-axis 

represents the average weighted effect size difference, with pos-

itive values denoting greater effect sizes for the PVT, and nega-

tive values denoting greater effect sizes for the sleep latency test. 

Across studies, the average (SD) of the weighted effect size dif-

ference is 0.006 (0.012) for PVT lapse vs. MWT, −0.005 (0.038) for 

PVT RT vs. MWT, −0.023 (0.028) for PVT lapse vs. MSLT, and −0.024 

(0.029) for PVT RT vs. MSLT.

One-sample t-tests revealed that ∆ ESw  was not sig-

nificantly different from zero between PVT lapse vs. 

MWT(t (11) = 1.60, p = .1), or between PVT RT vs. 

MWT(t (12) = −0.49, p = .6). However, a significant differ-

ence in ∆ ESw  was found between PVT lapse and MSLT 

scores(t (10) = −2.77, p = .02), and between PVT RT and MSLT 

scores(t (20) = −3.79, p = .001). The finding therefore suggested 

that there was a greater similarity in outcome sensitivity 

between the PVT and MWT measures. The finding also revealed 

higher overall MSLT effect size compared to PVT, suggesting that 

the MSLT is more sensitive to study manipulations.

Effects of day or time-of-day during sleep loss
The present review included studies in which subjects were 

exposed to either total sleep deprivation or multiple nights of 

sleep restriction. A second set of analyses was performed to 

assess the relative effects of these procedures, and time of day 

effects during sleep loss—on MSLT, MWT, and PVT performance. 

It is well established that both the PVT and sleep latency tests 

are sensitive to sleep loss [69–72]. Less well understood, however, 

is whether, and the extent to which, different types of sleep loss 

differentially impact performance on the PVT, MWT, and MSLT—

information that could be useful for determining the condition(s) 

under which each of these measures may be most useful. To 

Figure 1. Flow chart illustrating the article selection process.
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Table 4. Table showing the weighted effect size calculated for each outcome and each study, and the weighted effect size difference 
( ∆ ESw) calculated between PVT and sleep latency test

Study Primary IV N per 

cond 

Sleep latency test PVT Weighted ES 

difference (PVT-

sleep latency) 
Type Weighted 

ES 

Outcome metric Weighted 

ES 

Banks et al. [35] Amount of recovery sleep 23.7 MWT 0.134 Lapse 0.129 −0.004

Fastest 10%RT 0.136 0.002

Doty et al. [36] Caffeine* 24 MWT 0.148 Lapse 0.145 −0.003

1/RT × 1000 0.008 0.005

Gasior et al. [37] Drugs (Lisdexamfetami-ne)* 27 MWT 0.148 Median RT 0.024 −0.124

Goel et al. [38] Genotype (PER3) 43 MWT 0.005 Lapse 0.010 0.005

Goel et al. [39] Sleep restriction 15.8 MWT 0.026 Lapse 0.014 −0.012

1/RT × 1000 0.007 −0.020

Cognitive workload 15.8 MWT 0.006 Lapse 0.001 −0.006

1/RT × 1000 0.006 −0.001

Rupp et al. [40] Sleep extension* 12 MWT 0.000 Lapse 0.004 0.004

1/RT × 1000 0.000 0.000

Rupp et al. [41] Personality type 12 MWT 0.000 Lapse 0.001 0.001

1/RT × 1000 0.001 0.001

Social condition 12 MWT 0.000 Lapse 0.002 0.002

1/RT × 1000 0.005 0.005

Rupp et al. [42] Genotype (ADORA2A) 9 MWT 0.000 Lapse 0.016 0.016

1/RT × 1000 0.018 0.018

Genotype (PER3) 8.5 MWT 0.000 Lapse 0.031 0.031

1/RT × 1000 0.048 0.048

Schweitzer et al. [43] Caffeine* 16.5 MWT 0.006 Lapse 0.021 0.015

Nap* 16.5 MWT 0.002 Lapse 0.023 0.021

Wright et al. [44] Caffeine* 9.5 MWT 0.016 Mean RT 0.010 −0.006

Light* 9.5 MWT 0.001 Mean RT 0.007 0.006

Wright and Badia [45] Menstrual phase 8.3 MWT 0.004 1/RT × 1000 0.002 −0.003

Arnal et al. [46] Sleep extension* 14 MSLT 0.014 Lapse 0.008 −0.006

1/RT × 1000 0.004 −0.010

Belenky et al. [47] Sleep dose 16.5 MSLT 0.042 Lapse 0.053 0.011

1/RT × 1000 0.012 −0.030

Fastest 10%RT 0.046 0.004

Drake et al. [48] Sleep loss speed 12 MSLT 0.032 Median RT 0.004 −0.028

Franzen et al. [49] Total sleep deprivation 14 MSLT 0.100 Lapse 0.041 −0.059

Mean RT 0.035 −0.065

Guilleminault et al. 
[50]

Auditory simulation 6 MSLT 0.000 Mean RT 0.000 0.000

Ikeda et al. [51] Type of awakening 11 MSLT 0.002 Lapse 0.003 0.002

Mean RT 0.004 0.002

Lamond et al. [52] Recovery sleep 10 MSLT 0.036 Lapse 0.000 −0.036

1/RT × 1000 0.004 −0.032

Fastest 10%RT 0.004 −0.032

Total sleep deprivation 10 MSLT 0.000 Lapse 0.002 0.002

1/RT × 1000 0.012 0.012

Fastest 10%RT 0.006 0.006

McBean et al. [53] Sleep fragmentation 11 MSLT 0.025 Lapse 0.004 −0.021

Mean RT 0.003 −0.022

Slowest 10%RT 0.000 −0.025
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assess this, we analyzed whether the average weighted effect size 

difference ( ∆ ESw) differed depending on whether total sleep 

deprivation (TSD) or chronic sleep restriction (SR) were performed 

in the study.

Of 13 studies included for the sleep loss analysis, seven studies 

utilized both PVT and MWT and six utilized both PVT and MSLT 

(see study characteristics in Table 3). Table 5 shows the weighted 

effect size for each dependent outcome, and the weighted 

effect size difference computed for each pair of outcomes (for 

numerical data corresponding to unweighted effect sizes, see 

Supplementary Tables SM 3).

A two-sample t-test was performed to determine whether the 

∆ ESw  differed across TSD vs. SR studies. Due to the small sam-

ple size available for this analysis (N = 28), the weighted effect 

size differences were averaged types of PVT metrics (lapse, speed, 

meanRT, etc.) and types of sleep latency test (MWT and MSLT). 

The test revealed a significant difference in ∆ ESw  between TSD 

vs. SR studies (t(8) = −3.55, p < .01, ∆ ESw  = −0.06 and 0.002 for 

TSD and SR studies respectively), suggesting that different types 

of sleep loss exerted differential impacts on the outcome sensitiv-

ity of PVT and sleep latency test (Figure 3).

One-sample t-tests were also performed to assess whether 

the ∆ ESw  significantly differed from zero. The tests revealed 

that the ∆ ESw  was not significantly different from zero for SR 

studies (t(19) = 0.36, p =  .7, ∆ ESw  = 0.002), suggesting that the 

PVT and sleep latency tests are equally sensitive to the effects of 

multiple days of sleep restriction. On the other hand, the ∆ ESw  

obtained from TSD studies were significantly different from zero 

(t(6) = −3.67, p = .01, ∆ ESw  = −0.06), suggesting that sleep latency 

tests are more sensitive than the PVT to acute total sleep depri-

vation (Figure 3).

We also tried repeating the same analyses on the data sepa-

rated by types of sleep latency test. The test revealed no signif-

icant difference for either MWT or MSLT for SR studies (PVT vs. 

MWT: t(7) = 1.36, p = .2, ∆ ESw  = 0.001; PVT vs. MSLT: t(11) = −0.36, 

p = .7, ∆ ESw  = −0.003). For TSD studies, the test revealed a trend 

towards significance for PVT vs. MSLTL (t(3) = −2.5, p = .09, ∆ ESw  

= −0.07) but a non-significance result for PVT vs. MWT (t(3) = −2.3, 

p = .1, ∆ ESw  = −0.03). It is noteworthy, however, that only four 

observations were available for analysis in the latter two tests, 

thus the absence of significance results was likely due to insuffi-

cient statistical power.

Risk of bias within studies
Supplementary Figure summarizes the risk of bias for all studies 

included. The proportion of studies with low risk of bias for each 

domain were as follows: randomization process (58%); deviations 

from the intended interventions (50%); missing outcome data 

(100%); measurement of the outcome (100%); and selection of 

the reported result (100%). Three studies [68, 69, 71] classified as 

high risk of bias for randomization were pre-post studies, where 

Study Primary IV N per 

cond 

Sleep latency test PVT Weighted ES 

difference (PVT-

sleep latency) 
Type Weighted 

ES 

Outcome metric Weighted 

ES 

Pejovic et al. [54] Sleep restriction 30 MSLT 0.096 Lapse 0.026 −0.070

Fastest 10%RT 0.024 −0.072

Slowest 10%RT 0.014 −0.082

Median RT 0.016 −0.080

Roehrs et al. [55] Ethanol 20 MSLT 0.068 Lapse 0.015 −0.053

Fastest 10%RT 0.041 −0.026

Amount of total sleep deprivation 12 MSLT 0.059 Lapse 0.034 −0.025

Fastest 10%RT 0.037 −0.022

Sauvet et al. [56] Exercise training* 16 MSLT 0.001 1/RT × 1000 0.012 0.012

Error 0.008 0.007

Walsh et al. [57] Modafinil* 16 MSLT 0.022 Lapse 0.022 −0.001

Walsh et al. [58] Gaboxadol 20.5 MSLT 0.008 Mean RT 0.000 −0.008

Slowest 10%RT 0.000 −0.008

*Sleepiness countermeasures.

Table 4. Continued

Figure 2. Bar plot showing the average weighted effect size difference 
Ä

∆ ESw

ä

 across studies for the PVT and sleep latency tests. Error bars 
indicate 95% confidence intervals for the mean. These findings suggest 
that in response to various study manipulations (drugs, sleep loss, etc.), 
the PVT and MWT’s effect sizes are not significantly different from one 
another (i.e. ∆ ESw  not significantly different from zero). However, the 
MSLT effect sizes were significantly larger than the PVT effect sizes 
(i.e. ∆ ESw  > 0), indicating that the MSLT is generally more sensitive to 
study manipulations.
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random sequence generation was not necessary. Additionally, two 

subcomponents of the deviations from the intended interven-

tions domain included blinding of the assigned intervention and 

appropriate analysis used to estimate the effect of assignment 

to intervention, which contributed to the three pre-post studies 

being classified as either high risk of bias or some concerns. For 

the 13 studies included in the second analysis, the proportion of 

studies classified as low risk of bias in each domain were: rand-

omization process (46%); deviations from the intended interven-

tions (77%); missing outcome data (100%); measurement of the 

outcome (100%); and selection of the reported result (100%).

General Discussion

The primary objective of this review was to compare the sen-

sitivity to sleep loss (as reflected by effect size analyses) of the 

PVT vs. the MWT and MSLT. To accomplish this, we assessed the 

extent to which the difference in effect sizes of two tests (the PVT 

and either the MSLT or the MWT) obtained in the same study, 

when averaged across all studies included in the review, were 

significantly different from zero. These analyses revealed that 

the relative sensitivity of the outcome measures varied as a func-

tion of the type of sleep loss, with measures of SOL (MSLT and 

MWT) more sensitive to acute total sleep deprivation than PVT 

measures. However, we also found that all of the measures were 

comparably (albeit somewhat less) sensitive to sleep restriction. 

These findings are consistent with those of Balkin et al. [30] who 

directly compared the sensitivities (using an effect size-derived 

statistic) of various tests of cognitive and psychomotor perfor-

mance (including simulated driving, Stanford Sleepiness Scale, 

serial addition/subtraction, Stroop task, etc.) and measures of 

sleepiness (MSLT and PVT) across seven days of sleep restriction. 

In that study, it was found that of all tests administered, the PVT 

and the MSLT showed the highest, and comparable, sensitivities 

to sleep loss (sensitivity index;2 0.954 for PVT and 0.961 for MSLT).

A secondary aim of the present study was to compare the 

sensitivities (again, as reflected by effect size) of the PVT, MSLT, 

Table 5. Table showing the weighted effect size calculated for each outcome and each study, and the weighted effect size difference 
( ∆ ESw) calculated between PVT and sleep latency test

Study Sleep loss type N per 

cond 

Sleep latency test PVT Weighted ES 

difference (PVT-

sleep latency) 
Type Weighted ES Outcome metric Weighted ES 

Doty et al. [36] Sleep restriction (5n, 4 h-TIB) 24 MWT 0.019 Lapse 0.014 −0.005

1/RT × 1000 0.041 0.022

Goel et al. [39] Sleep restriction (5n, 4 h-TIB) 18 MWT 0.038 Lapse 0.031 −0.008

1/RT × 1000 0.016 −0.022

Rupp et al. [40] Sleep restriction (7n, 3 h-TIB) 12 MWT 0.007 Lapse 0.055 0.047

1/RT × 1000 0.010 0.003

Rupp et al. [42] Sleep restriction (7n, 3 h-TIB) 9 MWT 0.001 Lapse 0.026 0.025

1/RT × 1000 0.025 0.024

Belenky et al. [47] Sleep restriction (7n, 3 h-TIB) 18 MSLT 0.032 Lapse 0.121 0.089

1/RT × 1000 0.007 −0.025

Fastest 10%RT 0.034 0.002

Sleep restriction (7n, 5 h-TIB) 16 MSLT 0.052 Lapse 0.016 −0.036

1/RT × 1000 0.024 −0.028

Fastest 10%RT 0.025 −0.028

Drake et al. [48] Sleep restriction (4n; 6 h-TIB) 12 MSLT 0.001 Median RT 0.001 0.000

Ikeda et al. [51] Sleep restriction (4n; 5 h-TIB) 11 MSLT 0.007 Lapse 0.008 0.001

Mean RT 0.009 0.002

Fastest 10%RT 0.002 −0.005

Walsh et al. [24] Sleep restriction (4n; 5 h-TIB) 21 MSLT 0.010 Mean RT 0.004 −0.006

Slowest 10%RT 0.003 −0.007

Rupp et al. [41] Total sleep deprivation (22 h) 12 MWT 0.079 Lapse 0.022 −0.057

1/RT × 1000 0.026 −0.053

Wright et al. [44] Total sleep deprivation (45.5 h) 9 MWT 0.036 Mean RT 0.017 −0.019

Wright et al. [45] Total sleep deprivation (24 h) 8 MWT 0.000 1/RT × 1000 0.000 0.000

Arnal et al. [46] Total sleep deprivation (24 h) 14 MSLT 0.120 Lapse 0.035 −0.086

1/RT × 1000 0.045 −0.076

Sauvet et al. [56] Total sleep deprivation (40 h) 16 MSLT 0.166 1/RT × 1000 0.036 −0.130

Error 0.173 0.007

2 Defined in that study as the ratio of effect size to the 95% confidence 
interval.
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and MWT to various experimental interventions (i.e. sleepi-

ness countermeasures like caffeine). These analyses revealed 

that the PVT and MWT (both of which involve resisting sleep-

iness) were more comparably sensitive to the administration 

of sleepiness countermeasures than were the PVT and MSLT. 

This may, at least in part, be because both the MWT and PVT 

require “resistance to sleepiness,” whereas the MSLT measures 

the effect of “withdrawal of resistance to sleepiness”. In other 

words, this finding suggests the possibility that the counter-

measures administered in the studies included in the present 

review differentially affect the ability to resist sleepiness vs. the 

ability to initiate sleep.

The implications of the present findings include the follow-

ing: The PVT and MWT are comparably sensitive to both sleep 

loss and to the application of sleepiness countermeasures, 

perhaps because both reflect the ability to resist the effects of 

sleepiness. Logically, the ability to resist sleepiness is important 

for maintaining performance and safety in operational environ-

ments. That being the case, it has been deemed necessary to 

assess this ability in some operators under some circumstances 

(e.g. sleep apneic military pilots who are being treated with con-

tinuous positive airway pressure). Despite some controversy 

regarding this use of the MWT [21, 22, 25], the MWT has, and 

continues to be, used for this purpose (albeit, not as the sole 

determinant, consistent with the recommendation by Littner 

et al. [28].

Regardless of the scientific concerns regarding the advisability 

of using the MWT to inform decisions regarding the likelihood 

that individuals can safely perform their duties in operational 

environments (based to a significant extent on an opinion that 

more validation studies are needed [22]), it is widely recognized 

that the MWT is generally not well-suited to this purpose for 

other, practical reasons [26]. First, the MWT is logistically cum-

bersome and expensive (requiring at least one whole day of test-

ing in a fully-equipped and staffed sleep laboratory or clinic). 

Second, when used to inform return-to-duty decisions, MWT 

findings (like MSLT findings) are presumed to reflect a relatively 

stable, trait-like characteristic of the individual being tested. 

But the extent to which findings from the MWT can or should 

be applied to predict operational performance over the ensuing 

weeks, months, or years is unknown. Third, because of its afore-

mentioned logistical requirements and expense, the large-scale 

studies that would be needed to validate the MWT as a predictor 

of safety within specific operational environments are difficult 

to conduct.

In sharp contrast, the PVT is portable and relatively easy to 

administer (with PVT apps for smartphones and other portable 

devices currently available [73–75]). Second, the PVT is only min-

imally invasive, with a 3-min version having been validated [73]. 

This means that it can be used to monitor state-like changes in 

sleepiness-mediated performance capability multiple times dur-

ing each work shift. Lastly, because of its logistical advantages 

and low cost, the ability to perform large-scale validation studies 

in operational environments is relatively enhanced.

As indicated by Ferris et al. [76]: “The Psychomotor Vigilance 

Test (PVT) is considered the gold standard for detecting sleep loss 

and circadian misalignment related changes in performance in 

laboratory and field settings.” It is therefore not surprising that 

PVT performance is the primary outcome variable upon which 

several currently-available mathematical performance predic-

tion models are based, such as the Unified Model of Performance 

[77]. One of the attributes of the PVT that makes it especially use-

ful to this modeling effort is its considerable sensitivity to sleep 

loss—a level of sensitivity that most likely exceeds that of most 

measures of actual operational performance. performance pre-

diction modeling is the likelihood that, for example, PVT speed 

(1/RT) has been found to be more sensitive to sleep restriction 

than measures of “lane deviation” or “lane position” on a driving 

simulator [30]. This constitutes a significant advantage of the PVT 

because in order for a measure to be a useful predictor of the 

deleterious effects of sleepiness on operational performance, it 

is logically necessary for that measure be more sensitive to sleep 

loss than the actual operational performance (and thus capable 

of revealing trends that provide an “early warning” of possible 

sleepiness-related deficits in operational performance).

The logistical considerations, combined with the present find-

ing that the PVT’s sensitivity to sleep restriction and sleepiness 

countermeasures is comparable to that of the MWT, suggest that 

the PVT has potential as an acceptable measure of operator abil-

ity to maintain vigilance and thus perform safely in operational 

environments.

Our analysis also revealed that, unlike either of the SOL tests, 

the PVT was differentially sensitive to total sleep deprivation vs. 

sleep restriction. No significant differences between the MWT 

and MSLT were observed, perhaps because of insufficient statisti-

cal power due to small sample size. Another reason might have to 

do with the fact that effect sizes 
(

η
2
)

 computed in the first anal-

ysis reflected variations in test scores across TIB groups, whereas 

the effect sizes computed in the second analysis reflected var-

iation in performance across days or times-of-day during sleep 

loss. It is possible that the day-to-day changes were too subtle 

for the effect size differences to be discernible. Nevertheless, the 

present findings do suggest that the outcomes from the PVT and 

sleep latency tests were more closely aligned during chronic sleep 

restriction than during acute total sleep deprivation (TSD).

Caveats to, and limitations of, the present review include the 

following: First, it should be noted that the calculated effect sizes 
(

η
2
)

 do not necessarily correspond to the reported outcomes of 

the selected studies (i.e. confirmation or rejection of the hypothe-

ses tested in these studies). This is because our analysis methods 

involved the recalculation of η2 from available raw PVT or sleep 

latency data. This recalculation necessitated assignment of a pri-

mary independent variable(s) for each study, and our assignments 

Figure 3. Bar plot showing the average weighted effect size difference 
Ä

∆ ESw

ä

 across studies of sleep restriction and total sleep deprivation. 
Error bars denote 95% confidence intervals for the mean. This finding 
suggests that test sensitivity varies as a function of sleep loss type 
(acute total sleep deprivation vs. sleep restriction), with acute TSD 
affecting sleep latency tests more severely than the PVT (t(9.3) = 3.06, 
p = 0.01), whereas SR affects all tests equally (i.e. showing relatively 
limited sensitivity).
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did not necessarily comport with the original aims of the study. 

For instance, the goal of the Doty et al. [36] study was to identify 

whether, and the extent to which, the rate at which performance 

decline during SR differs between caffeine vs. placebo groups. We 

defined the primary independent variable for that study simply 

as “caffeine” (this was done to ensure that the way effect sizes 

were computed was consistent across studies). Thus, the com-

puted effect sizes simply reflected variations in test scores across 

the caffeine vs. placebo conditions, and not whether any signif-

icant interaction between caffeine and days of SR was evident. 

Second, as previously mentioned, our review consisted of stud-

ies that differed considerably in experimental design and type of 

intervention applied. The heterogeneity of the dataset (I2 = 75.5% 

calculated for the SOL measure of Analysis 1), though necessary 

as a part of our research question, made it difficult to obtain a 

meaningful direct comparison of effect sizes 
(

η
2
)

. There are also 

suggestions that the calculated η2 is larger for within-subjects 

design than between-subjects design in studies where two groups 

of observations are positively correlated [78]. Our findings are 

therefore best interpreted as the differences in weighted effect size 

(( ∆ ESw), rather than η2, per se. Third, for many of the selected 

studies, raw test data for the PVT, MWT, MSLT were not availa-

ble (either as numerical values or in graphic form). This limited 

the sample size of our review and the scope of possible analy-

ses (number of publications excluded due to this problem = 16; 

37.2%), and suggests that the relevant body of research is some-

what underrepresented in our dataset. However, a strength of the 

present review is that it only included studies in which PVT and 

MSLT or MWT data were collected within subjects, thus reducing 

potential confounding due to individual differences in sleep need, 

study differences in the amount of induced sleep pressure, and 

test environments.

Conclusion

The present review of 24 studies reveals that the PVT is just as 

sensitive to sleep restriction as both the MWT and the MSLT. It 

was also found that the PVT and the MWT are comparably sensi-

tive to sleepiness countermeasures such as caffeine. On the basis 

of these findings, it is suggested that the PVT may constitute a 

sensitive and appropriate means of assessing and monitoring 

sleepiness-related variations in performance capacity—a capa-

bility that could improve performance and safety in a variety of 

operational environments. It is suggested that future research be 

focused on assessment of the predictive value of PVT measures 

for specific industries and occupations, and (depending on the 

findings from these studies) integration of the PVT into fatigue 

risk management systems.

Supplementary material

Supplementary material is available at SLEEP Advances online.
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