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1. INTRODUCTION

Sleep loss and acute stress are common during military operations, resulting in 
impaired situational awareness and decision making. Performance deficits due to sleep 
loss are increasingly understood to be the result of changes in the ability to adjust 
attentional control in fast-paced, dynamically changing circumstances. In contrast, less 
is known about the effect of stress on cognition or its combined effect with sleep loss. 
Despite the fact sleep loss and stress often co-occur during military operations, their 
combined effect on cognition – and therefore how to protect against any adverse effects 
– remain under-investigated. In this research project, we seek to develop a framework
in which resilience to sleep loss and stress can be investigated separately and jointly. In
a laboratory-based study, healthy young adults are assigned to one of four conditions: a
sleep deprivation only condition, a stress only condition, a combined sleep deprivation
and stress condition, or a control (no sleep deprivation or stress) condition. To
investigate the separate and joint effects of sleep loss and stress on performance,
subjects are tested on tasks specifically developed for this study that assess their
vigilant attention, working memory, cognitive flexibility, and dynamic risk awareness.
These tasks are administered twice: once following a sham stress task (i.e., a non-
stressful variation on the stress task) while all subjects are at their well-rested baseline,
and again 24 h later, following either the stress task or the sham stress task while half
the subjects are assigned to a 39 h sleep deprivation condition and the other half are
assigned to a well-rested control condition. By providing a framework for systematic
investigation of the effect of sleep loss and stress on military operations, this research
project will enable the development of targeted interventions that increase resilience
against operational performance impairment. Further, this research project will help to
improve the safety and success of millions of Americans, including US military
personnel, who are frequently exposed to sleep loss and stress.
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2. KEYWORDS 
 
Sleep deprivation, stress, performance impairment, attentional control, cognitive 
flexibility, mission success, resilience 
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3. ACCOMPLISHMENTS

What were the major goals of the project? 

Specific Aim 1: Test the prediction of the Dynamic 
Attention Control (DAC) framework that sleep 
deprivation (SD) without stress induction spares working 
memory (WM) capacity, but compromises (a) the 
establishment of choice outcome associations and (b) 
the binding and interference management processes 
needed for cognitive flexibility (CF). 

Timeline Completed 

Study Preparations Months 
   Milestone(s) Achieved: Procedures documented and 

IRB/HRPO approvals obtained 1-3 1 Jul 2021 

Data Collection 
   Milestone(s) Achieved: Aim 1 data collection 

completed from 32 subjects (16 in a sleep deprivation 
condition and 16 in a no sleep deprivation and no 
stress condition) 

4-30

in progress 
(delay incurred 
by COVID-19 

laboratory 
closure) 

Data Analysis 
Milestone(s) Achieved: Aim 1 analyses completed 5-33 n/a 

Specific Aim 2: Test how the attentional control 
processes specified in the DAC framework are affected 
by stress induction without SD. 
Data Collection 
   Milestone(s) Achieved: Aim 2 data collection 

completed from 32 subjects (16 in a stress condition 
and 16 in a no sleep deprivation and no stress 
condition) 

4-30

in progress 
(delay incurred 
by COVID-19 

laboratory 
closure) 

Data Analysis 
Milestone(s) Achieved: Aim 2 analyses completed 5-33 n/a 

Specific Aim 3: Determine how the joint effects of 
acute stress and SD impact attentional control, CF, and 
risky decision making. 
Data Collection 
   Milestone(s) Achieved: Aim 3 data collection 

completed from 48 subjects (16 in a sleep deprivation 
condition; 16 in a stress condition; and 16 in a 
combined sleep deprivation and stress condition) 

4-30

in progress 
(delay incurred 
by COVID-19 

laboratory 
closure) 

Data Analysis 
Milestone(s) Achieved: Aim 3 analyses completed 5-33 n/a 
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Final Report Preparation 
Compilation of analyses from aims 1–3 and drafting of 
report and briefing 34-36 n/a 

   Presentation of study results to the DoD 36 n/a 
Milestone(s) Achieved: study completed 36 in progress 

What was accomplished under these goals? 

During Year 2, the major activities to be completed to achieve the goal milestones were: 

• Continued ethical review of the study procedures by the Washington State University
IRB and the DoD’s HRPO – completed.

• Development of standard operating procedures for the study, including procedures
for participant recruitment and screening, polysomnographic and actigraphic sleep
recordings, Holter heart monitor hook-up and recording, cognitive task training and
administration, saliva and blood collection and processing, skin conductance
response hook-up and recording, behavioral monitoring, study setup, and data
harvesting; and staff training (Aims 1-3) – completed.

• Finalizing procedures and staff training for conducting the stress task (and non-
stressful sham task) that is administered prior to the cognitive battery used to assess
elements of the DAC framework. To induce stress, we are using the Maastricht Acute
Stress Test (MAST). The MAST combines physiological, mental, and psychological
stress by having participants alternate between placing both their feet into ice cold
water (~2°C) and counting backward from 2043 by intervals of 17 for 45–90 s in the
presence of a stoically monitoring researcher. The MAST has been shown to elicit
increases in subjective, autonomic, and glucocorticoid stress responses. In order to
have a comparable control task from which to compare participants’ stress responses
to their own rested baseline as well as to those not in a stress condition, we also are
using the sham (non-stressful) version of the MAST. In this version, participants
alternate between putting their feet in lukewarm water (~35–37°C) and counting from
1 to 25 for 45–90 s. The sham MAST provides a comparable physical and
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psychological task without inducing subjective or objective stress responses. 
Because the stress response duration is limited (up to 60 min), the procedures for 
preparing and administering the stress and sham task, as well as the DAC cognitive 
task battery that immediately follows, have been well-tested to ensure they are 
conducted in a timely manner (Aims 1-3) – completed.  

• Development and testing of the standard test battery that is administered at regular
2–3 h intervals throughout the study. This battery consists of the Karolinska
Sleepiness Scale (KSS), the Positive and Negative Affect Schedule (PANAS), and
the Psychomotor Vigilance Test (PVT). The KSS measures subjective sleepiness,
with participants indicating their level of perceived sleepiness on a 1 (extremely alert)
to 9 (very sleepy) scale. The PANAS is a subjective mood scale, with participants
indicating the extent to which they are currently experiencing each of 10 positive and
10 negative emotions. The PVT is a serial reaction time task in which subjects
respond as quickly as possible to a stimulus presented at random inter-stimulus
intervals of 2–10 s. The PVT is a gold-standard measure of vigilant attention and is
particularly sensitive to sleep loss – completed.

• Development and testing of the remaining cognitive tasks that participants complete
during the study. These tasks include a sleep inertia test battery, which occurs
immediately upon awakening, a morning task battery, and two afternoon task
batteries. In the sleep inertia test battery, which assesses participants’ cognitive
abilities during the characteristic period of grogginess immediately after awakening,
participants complete the KSS before and after completing a shortened version of an
Operation Span task. These tests assess subjective sleepiness and the ability to hold
information in working memory while completing simple arithmetic problems. In the
morning task battery, participants complete a variant of the PVT. They also complete
an N-back task (Day 2), which requires them to remember stimuli shown either 1 or 2
trials previously; a memory task that assesses how well individuals implicitly or
explicitly remember information that they intentionally studied or were incidentally
exposed to (Day 3); and a memory-for-text task that assesses their memory for
longer narratives (Days 3 and 4). Broadly, this battery assesses the effect of sleep or
sleep deprivation on participants’ vigilant attention and memory. In the first afternoon
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task battery, participants complete the KSS, a mood scale, the PVT, and one of 
either the standard Digit Symbol Substitution Task (DSST), a memory version of the 
DSST, or a break of equivalent duration, before completing the PVT a second time. 
On the standard DSST, participants are shown symbols and must indicate, as quickly 
as possible, which digits they are associated with by using a digit-symbol pairing key 
presented at the top of the screen. On the memory version of the DSST, participants 
are shown symbols and must indicate its associated digit, but the full digit-symbol 
pairing key is not presented; rather, the associated digit-symbol pair is shown on the 
first presentation of the symbol and will not reappear unless the participant makes an 
error. This battery assesses features of the time-on-task effect on participants’ 
cognitive ability while either rested or sleep deprived. In the second afternoon task 
battery, participants complete a memory task that tests their ability to remember 
pieces of information together and another variant of the PVT. This battery assesses 
the effect of sleep or sleep deprivation on a different aspect of memory and vigilant 
attention. Participants also complete a procedural/declarative memory task, a 
standard vigilant attention task, a test of their fluid and crystallized intelligence, a 
social desirability scale, and a memory task testing their ability to remember pieces of 
information and the context in which the information was originally presented – 
completed.  

• A minor IRB amendment was submitted and approved to modify procedures as the
study preparations were adapted and finalized (Aims 1-3) – completed.

• In-laboratory “dry runs” were conducted, with laboratory staff acting as “study
participants” for portions of the study protocol, to practice the timing and execution of
study procedures (Aims 1-3) – completed.

• Dissemination of advertising materials and initialization of participant screening (Aims
1-3) – completed.

• Scheduling of initial study runs (Aims 1-3) – completed.
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• Two participants have completed data collection (Aims 1-3).

Summary of the laboratory study protocol: 
Carefully screened, healthy young adults are randomized to one of four conditions 
(target N = 16 in each condition): a sleep deprivation only condition; a stress only 
condition; a combined sleep deprivation and stress condition; or a control (no sleep 
deprivation and no stress) condition (see Table 1). Subjects are in the laboratory for four 
days/three nights continuously, under constant observation and physiological 
monitoring. In either of the two sleep deprivation conditions (sleep deprivation only or 
combined sleep deprivation and stress), subjects have one night with 9 h time in bed for 
baseline sleep, then undergo 39 h of total sleep deprivation (equivalent to missing one 
night of sleep), and finally are given one recovery night with 9 h time in bed for sleep. 
Those in the stress only or control conditions have 9 h in bed for sleep on all three 
nights. Subjects sleep is recorded polysomnographically and actigraphically during all 
scheduled sleep periods.  

Subjects are tested on a range of cognitive performance tasks at baseline, and 24 h 
later after sleep deprivation (or well-rested control). At baseline, all subjects complete 
the battery of tasks following a sham version of a stress test. Following the night of 
either sleep deprivation or rest, those in the two stress conditions (stress only or 
combined sleep deprivation and stress) complete the battery of tasks following a stress 
test. Those in the other two conditions again complete the battery following the sham 
version of the stress test. During the task battery, subjects’ skin conductance responses 
(SCR) are recorded using disposable self-adhesive electrodes attached to the non-
dominant hand on the intermediate phalange of the index and middle fingers. Saliva 
samples are collected approximately every 15 minutes from the beginning of the stress 
or sham stress test to the end of the task battery and approximately every 2-3 h 
throughout the study. Additionally, venous whole blood is collected from each subject 
after the completion of the battery. The cognitive tests and physiological measures 
obtained during the study will serve to test the prediction of the Dynamic Attention 
Control (DAC) framework that sleep deprivation without stress induction spares working 
memory capacity, but compromises (a) the establishment of choice outcome 
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associations and (b) the binding and interference management processes needed for 
cognitive flexibility; test how the attentional control processes specified in the DAC 
framework are affected by stress induction without sleep deprivation; and determine 
how the joint effects of acute stress and sleep deprivation impact attentional control, 
cognitive flexibility, and risky decision making. 

Table 1. Matrix of study conditions. 

Stated goals not met:  
Due to delays and laboratory closures caused by the COVID-19 pandemic in year 1, we 
began year 2 considerably behind schedule. During year 2, we were able to develop 
and test the study procedures, train staff, and begin recruitment for the study. While we 
are attempting to accelerate subject recruitment and have successfully begun data 
collection, with more participants scheduled for upcoming study runs occurring in year 
3, recruitment overall has been slow, limiting the number of participants who could be 
screened for eligibility in the study. Additionally, by necessity, availability of the 
laboratory has been shared with another DoD-funded in-laboratory study, which has 
also been delayed by the pandemic. Together, these pandemic-related constraints have 
left us behind schedule for studying subjects in the laboratory (Aims 1–3). We are 
carefully monitoring our funding and pacing expenditures in proportion to project effort, 
so that we can finish the project in the (likely) event that a 1-year no-cost extension may 
be needed.  

Sleep Deprivation?

Yes No

Stress?
Yes

No
N=16

Sleep Dep 
Only

N=16
Stress
Only

N=16
Sleep Dep 
+ Stress

N=16
Neither 
(control)
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What opportunities for training and professional development has the project 
provided? 

The project provides significant opportunities for postdoctoral and graduate education 
and professional development: 

• A former postdoctoral researcher in the Department of Psychology, now a Research
Assistant Professor in the Department of Translational Medicine and Physiology at
Washington State University, Courtney Kurinec, is intensively involved in this
project. She receives training in the management and development of sleep
deprivation studies; preparing reports for government stakeholders; grant writing;
programming of cognitive performance tasks in E-Prime software; and data
reduction and statistical analysis. She is involved in the project under the direct
mentorship of the PI and Co-PIs of the project. During Year 2, her work related to
this project has been presented at an international and a national conference on
sleep science.

• A Ph.D. student in the Experimental Psychology graduate program at Washington
State University, Amanda Hudson, has been involved in this project to develop and
program novel cognitive tasks to assess performance changes during sleep
deprivation and/or stress. She is currently receiving training in recording of sleep
(polysomnography); recording and processing of galvanic skin conductance;
developing and programming of cognitive performance tasks in E-Prime software;
and data reduction and statistical analysis. The graduate student is involved in the
project under the direct mentorship of one of the Co-PIs of the project, Dr. Kimberly
Honn, and training and experience has been gained on a daily basis. During Year 2,
the graduate student worked with the investigators to develop study procedures and
tasks for the study and presented her research related to this project at a national
sleep science conference.
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• A Ph.D. student in the Experimental Psychology graduate program at Washington
State University, Anthony Stenson, has been involved in the development of several
of the cognitive performance tests in this project. He is receiving training on the
programming of cognitive performance tasks in E-Prime software; data reduction
and statistical analysis; cognitive model development; and manuscript writing. The
graduate student is involved in the project under the direct mentorship of two Co-PIs
of the project, Drs. Paul Whitney and John Hinson. During Year 2, the graduate
student worked with the investigators to develop study procedures and tasks for the
study.

• A Ph.D. student in the Experimental Psychology graduate program at Washington
State University, Emily Moslener, has been involved in this project to develop and
program novel cognitive tasks to assess performance changes during sleep
deprivation and/or stress. She is receiving training in recording and processing of
galvanic skin conductance; developing and programming of cognitive performance
tasks in E-Prime software; and data reduction and statistical analysis. The graduate
student is involved in the project under the direct mentorship of one of the Co-PIs of
the project, Dr. Kimberly Honn, and training and experience has been gained on a
daily basis. During Year 2, the graduate student worked with the investigators to
develop study procedures and tasks for the study and presented her research
related to this project at a national sleep science conference.

• A Ph.D. student in the Experimental Psychology graduate program at Washington
State University, Kirsie Lundholm, has been involved in this project to help develop
the study procedures involved in the stress task and the associated saliva samples
and processing. She is receiving training in saliva sampling and processing; blood
sampling and processing; developing and programming of cognitive performance
tasks in E-Prime software; stress test implementation; protocol development; data
reduction; and statistical analysis. The graduate student is involved in the project
under the direct mentorship of one of the Co-PIs of the project, Dr. Kimberly Honn,
and training and experience has been gained on a daily basis. During Year 2, the
graduate student worked with the investigators to develop study procedures and
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tasks for the study and train research assistants on saliva collection and other task 
procedures. 

How were the results disseminated to communities of interest? 

The results were shared with relevant military and civilian communities through 
presentations at the 2022 World Sleep and SLEEP conferences as well as the US DoD-
initiated MQ Military Biomarker Symposium in Australia and a DARPA Forward 
conference. 

What do you plan to do during the next reporting period to accomplish the goals? 

Now that the study is actively collecting data, year 3 will be fully focused on subject 
recruitment, screening, and data collection in the laboratory experiment. Our goal is to 
have completed data collection by the end of Year 3. However, as noted above, 
pandemic-related delays may eventually necessitate a 1-year no-cost extension, and 
we are carefully monitoring our expenditures to make sure sufficient resources will be 
available to finish the project in that instance. That being said, we are increasing our 
study advertising efforts and continue working to accelerate the pace of subject 
recruitment. We have recently hired 4 additional full-time staff members to facilitate 
recruitment and screening.  

Some of the data collected during Year 3 of the study will be available for preliminary 
analyses, which will be used in training opportunities for graduate students and post-
baccalaureate students and presented at national conferences for dissemination. 
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4. IMPACT

What was the impact on the development of the principal discipline(s) of the 
project? 

During the pandemic-based period of laboratory closure, we performed analyses of 
archival data related to the project to keep the relevant science moving forward. In a 
paper published in the journal Clocks & Sleep and presented at the SLEEP 2022 
conference (Charlotte, NC), we showed that contrary to widespread belief, after 
controlling for a range of potential confounds there was no evidence for endogenous 
task-dependent differences in the optimal circadian timing of performance and 
alertness. This new information is relevant in military operations, in that scheduling 
different tasks at different times of day in the belief that each task has an optimal 
circadian timing may not have the desired effect. 

In a conference abstract presented at the SLEEP 2022 conference, we found that 
individual differences in fluid intelligence do not moderate sleep deprivation-induced 
deficits on the Digit Symbol Substitution Test. Relatedly, in a conference abstract 
presented at World Sleep 2022, we found that higher fluid intelligence benefitted speed 
of semantic decision processing even when subjects were sleep deprived, but higher 
fluid intelligence only benefitted performance on a cognitive flexibility task when 
subjects were rested. These findings are relevant to research efforts to identify pre-
existing individual differences that convey resilience to sleep loss.  

Our other conferences abstracts presented at SLEEP 2022 investigated the impact of 
sleep loss on other aspects of cognitive performance. First, we found that sleep 
deprivation exacerbated deficits on a continuous performance matching task that 
required subjects to indicate whether the displayed 3-digit number was identical to the 
one previously shown, especially when the displayed number had high stimulus overlap 
with the previous number. This work suggests that sleep loss may intensify the costs 
associated with managing stimulus conflict.  
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Second, we found that pairs of words that were unitized, or presented as a new 
compound word, were better remembered during sleep deprivation compared to pairs of 
words that were presented individually. This finding indicates that unitizing stimuli may 
mitigate the impairing effect of sleep deprivation on associative memory, which could 
ultimately lead to a novel countermeasure approach. 

Third, on a computerized shooting task where subjects were given hints of varying 
accuracy to facilitate their performance, sleep deprivation impaired performance; 
additionally, all subjects appeared to disregard the hints after they were no longer 100% 
predictive of the targets. This work indicates that even though sleep loss may worsen 
target accuracy, both rested and sleep deprived individuals ignore helpful background 
information if it is not completely reliable. If this generalizes to military operations (which 
we have yet to demonstrate), the implications would be significant. 

Finally, we found that subjects higher in social desirability report lower subjective 
sleepiness than those with average social desirability, even when both groups show 
similar levels of objective sleepiness. This finding suggests that a challenge for fatigue 
risk management is that individuals may underreport their sleepiness in order to appear 
more favorable to others. Potential implications for the DoD community are self-evident. 

What was the impact on other disciplines? 

Nothing to Report. 

What was the impact on technology transfer? 

Nothing to Report. 

What was the impact on society beyond science and technology? 

In both military and civilian environments, sleep loss and stress increase the chances of 
errors and accidents, increasing the likelihood of injury and death and undermining the 
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chances of mission success. Although there have been advances in understanding how 
sleep loss affects the mechanisms underlying effective performance, situational 
awareness, and decision making, it remains to be determined how stress impacts these 
abilities, as well as what the joint effects of stress and sleep loss may be. This project 
will provide a single framework for explaining the separate and joint effects of sleep loss 
and stress on decision making in dynamic environments, which will serve to guide the 
development of future countermeasures.   
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5. CHANGES/PROBLEMS

Changes in approach and reasons for change 

Nothing to Report. 

Actual or anticipated problems or delays and actions or plans to resolve them 

We have incurred considerable delays due to the COVID-19 pandemic, which forced us 
to shut down our laboratory from March 2020 until September 2021. Furthermore, 
availability of the laboratory has had to be shared with another DoD-funded in-
laboratory study, which has also been delayed by the pandemic. Consequently, we are 
behind schedule with regard to subject enrollment for the in-laboratory study of this 
project. Now that we have been able to reopen our laboratory and resume research 
activities, we have intensified our efforts to conduct this study. That said, it is anticipated 
that we will eventually need to request a 1-year no-cost extension to be able to fully 
meet our objectives.   

Changes that had a significant impact on expenditures 

Due to the impact of COVID-19 and the associated laboratory closure and study 
recruitment delays, we are behind schedule with regard to studying subjects in the 
laboratory. Expenditures are therefore lagging compared to the original budget. We 
expect that the difference will dissipate as we accelerate the pace of the study to 
complete data collection. We are however carefully monitoring our funding and pacing 
expenditures so as to be able to finish the project in the event a 1-year no-cost 
extension is needed. 

Significant changes in use or care of human subjects, vertebrate animals, 
biohazards, and/or select agents 

Nothing to Report. 
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Significant changes in use or care of human subjects 

Nothing to Report. 

Significant changes in use or care of vertebrate animals. 

Nothing to Report (Not Applicable). 

Significant changes in use of biohazards and/or select agents 

Nothing to Report (Not Applicable). 
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6. PRODUCTS

Publications, conference papers, and presentations 

Journal publications 

Muck R. A., Hudson A. N., Honn K. A., Gaddameedhi S., & Van Dongen H. P. A. 
Working around the clock: Is a person’s endogenous circadian timing for optimal 
neurobehavioral functioning inherently task-dependent? Clocks & Sleep, 2022; 4(1):23-
36, published. Acknowledgement of federal support: yes. 

Books or other non-periodical, one-time publications 

Ph.D. dissertations: 

Nothing to Report. 

Conference abstracts: 

Honn, K., Kurinec, C., Hinson, J., Whitney, P., & Van Dongen, H. Fluid intelligence does 
not mediate cognitive throughput deficits during total sleep deprivation. Sleep, 2022, 45 
(Supplement 1): A56, published. Acknowledgement of federal support: yes. 

Hudson, A., Hinson, J., Whitney, P., Lawrence-Sidebottom, D., Van Dongen, H., & 
Honn, K. Effects of total sleep deprivation on performance on a continuous performance 
matching task. Sleep, 2022, 45 (Supplement 1): A53, published. Acknowledgement of 
federal support: yes. 

Kurinec, C., Stenson, A., Hinson, J., Whitney, P., Honn, K., Van Dongen, H. Examining 
premorbid cognitive abilities to predict task-specific, inter-individual differences in 
resilience to total sleep deprivation. Sleep Medicine, 2022, 100, S31-S32, published. 
Acknowledgement of federal support: yes. 
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Kurinec, C., Whitney, P., Hinson, J., Satterfield, B., Honn, K., & Van Dongen, H. 
Unitization improves memory for associations during sleep deprivation. Sleep, 2022; 45 
(Supplement 1): A48, published. Acknowledgement of federal support: yes. 
 
Moslener, E., & Honn, K. Performance on a computerized threat elimination task in an 
animated environment during total sleep deprivation. Sleep, 2022, 45 (Supplement 1): 
A53, published. Acknowledgement of federal support: yes. 
 
Muck, R., Hudson, A., Honn, K., & Van Dongen, H. Is the timing of the endogenous 
circadian rhythm of neurobehavioral functioning inherently task-dependent? Sleep, 
2022, 45 (Supplement 1): A99, published. Acknowledgement of federal support: yes. 
 
Scott, J., Muck, R., Van Dongen, H., & Honn, K. Social desirability mediates self-
reported sleepiness during a laboratory total sleep deprivation study. Sleep, 2022, 45 
(Supplement 1): A131, published. Acknowledgement of federal support: yes. 
 
Other publications, conference papers, and presentations 
 
Invited lectures: 
 

Van Dongen, H. P. A. Impact of sleep deprivation on cognitive flexibility and emotional 
control. World Sleep 2022 conference (Rome, Italy). March 2022. 
 

Van Dongen, H. P. A. Concepts and strategies for addressing sleep, fatigue, and 
burnout. SLEEP 2022 conference (Charlotte, NC). June 2022. 
 

Van Dongen, H. P. A. Harnessing multi-modal functional measurements and biomarker 
assessments to predict the temporal dynamics of sleep loss-induced performance 
impairment. MQ Military Biomarker Symposium, Macquarie University (Sydney, 
Australia). June 2022. 



 22 

Van Dongen, H. P. A. Resilience to performance deficits from sleep loss: Grand 
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