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R E V I E W  A R T I C L E

     S
ustained military operations expose soldiers to extremely 

demanding situations and possibly severe environmental 

conditions without having the ability to fully recover until 

their task is fi nished.  6 , 31 , 59   During combat, high levels of physi-

cal and cognitive stress, arousal, danger, sleep deprivation, and 

stressful incidents  18 , 20   can be experienced. In addition, long 

periods of inactivity can also occur in between demanding 

and dangerous situations,  19 , 20   which makes it diffi  cult to remain 

alert. Th e experienced stress level can approach the limits of 

human capabilities.  26   

 Military sustained operations (SUSOPS) in this paper are 

defi ned as carrying out military work with no or limited rest/

sleep (less than 3 h uninterrupted sleep and not scheduled in 

advance) for a minimum of 36 h to a maximum of a soldier ’ s 

capabilities. As soon as rest and sleep are scheduled and a 

system shift  occurs, soldiers are not participating in military 

SUSOPS but in military continuous operations (CONOPS). 

Training courses teach soldiers what it feels like to encounter 

high stress levels during combat. In addition, soldiers are 

trained and familiarized with adequate coping strategies to mit-

igate the impact of sustained operations on performance,  32   

since it aff ects operational eff ectiveness.  11 , 20 , 51   

 Cognitive performance is a multidimensional construct 

since it cannot be captured by solely measuring memory or 

vigilance, as it consists of multiple modalities. Th erefore, it is 

diffi  cult to determine when cognition, as a whole, is aff ected. It 
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    INTRODUCTION:   Cognitive performance is crucial during military operations. It is suggested that impaired cognitive performance 

accounts for most of the accidents during training courses and actual battle. There is a need to defi ne when soldiers ’  

operational readiness becomes impaired. The objective of this systematic review was to investigate the eff ects of 

sustained military operations (SUSOPS) on vigilance, reaction time, working memory, and reasoning in order to select 

good indicators for performance impairment. 

   METHODS:   A systematic literature search was performed using publicly accessible databases (IngentaConnect, PubMed, Science 

Direct, and Defense Technical Information Center online) that were screened until July 2015. Keywords were military, 

sustained operations, (cognitive) performance, soldier, and training. 

   RESULTS:   Only 7 out of 589 studies met the inclusion criteria. Selected studies were diffi  cult to compare due to diff erent method-

ologies, cognitive tasks, and military courses. Vigilance, reaction time, and working memory were aff ected after only a 

few hours, showing severe impairment. They are linearly related to military stress up to 80 h of SUSOPS. These three 

indicators needed little recovery time to return to baseline levels. After more than 80 h of SUSOPS, no signifi cant 

impairments of those indicators were observed. Reasoning becomes impaired after high stress levels of relatively short 

duration and can remain aff ected after more than 80 h of SUSOPS. 

   DISCUSSION:   Vigilance, reaction time, and working memory are aff ected after only a few hours while little recovery time is needed. 

For reasoning to return to baseline values, longer recovery is needed than the time available during SUSOPS.   
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is even harder to determine the magnitude of the degradation 

for the various cognitive modalities due to the diff erent eff ects 

of stress on cognitive performance and the complexity by which 

the cognitive modalities are tested.  21   Furthermore, there are 

multiple factors that aff ect soldiers ’  operational readiness. It has 

been shown that total sleep time,  48   energy balance,  33 , 41 , 48   hydra-

tion status,  1   climate,  12   and physical  48   and mental stress  30   are 

infl uencing factors. Th e eff ects of decreased cognitive perfor-

mance should not be underestimated. Th omas and Russo  51   

reported that 80 – 85% of military accidents are due to decreased 

cognitive performance. In order to diminish accidents and to 

preserve cognitive functioning, research has been conducted to 

try to optimize soldiers ’  cognitive performance during military 

operations.  6 , 17 , 46 , 51   

 Cognitive performance was found to be aff ected in several 

ways during combat and training courses. Slower reaction 

times or reduced accuracy of the reactions given, poor logical 

reasoning, lack of concentration, poor memory, reduced con-

fi dence, and even hallucinations were described as the result 

of prolonged operational stress.  7 , 30   In order to attempt to 

mitigate these deleterious effects, several pharmacological 

interventions have been tested to counteract the deteriorat-

ing effects of fatigue on cognition.  8 , 13   In addition, SUSOPS 

and hormonal responses have been investigated in laboratory 

environments.  36 , 46   Despite these attempts to manage cogni-

tive performance, it remains diffi  cult to improve this perfor-

mance when the underlying processes are not clearly defi ned. 

Th e threshold that can be used to determine performance 

decrements in soldiers based on their cognitive performance 

is unknown. 

 Only a few fi eld studies have been conducted using mea-

sures of cognitive performance. Methodological and practi-

cal issues make it diffi  cult to measure in the fi eld  15 , 29 , 38   and 

to compare the gathered data. In addition, ecological validity 

is a major issue when conducting fi eld trials. Cognitive tasks 

used in the laboratory measure one specific cognitive pro-

cess, while in the fi eld all these separate modalities interact 

with each other. Simply summarizing test results of separate 

cognitive dimensions will not refl ect real-world performance 

and might actually be an underestimation of operational 

performance.  44   Thus, the paucity of available data warrants 

a better understanding of the infl uence of SUSOPS on cogni-

tive performance. 

 The aim of this article is to systematically review the 

results of (simulated) fi eld studies that investigated the eff ects 

of SUSOPS on diff erent cognitive modalities. Th e review will 

give insight in the time courses by which the cognitive modali-

ties are aff ected, together with the severity of the decrement. 

Th is, in turn, will indicate which modalities are good indicators 

of performance degradation and should be focused on to man-

age task planning. It is hypothesized that the selected modali-

ties deteriorate over time. Th e magnitude of the deterioration 

is expected to increase with exposure time. Whether the avail-

able data allow determination of the relationship of this 

increase (either linear, exponential, or cyclic) or the time con-

stant remains to be determined.  

 METHODS  

    Selection Criteria 

 A systematic literature review for relevant publications was 

performed using the following publicly accessible databases: 

IngentaConnect, PubMed, Science Direct, and Defense Tech-

nical Information Center (DTIC) online. Th e databases were 

screened until July 2015. Th e following keywords, as well as a 

combination of these terms, were used during the search: mili-

tary, sustained operations, (cognitive) performance, soldier, 

and training. Inclusion criteria had to meet our defi nition of 

SUSOPS, so they had to be military sustained operations, fi eld 

trials, or simulated fi eld trials, include male soldiers, the opera-

tion had to last for at least 36 h, and cognitive performance had 

to be investigated. 

 Studies were excluded when they did not meet the inclusion 

criteria, when the time needed for testing was more than 2 h/d 

(because the actual combat program will be aff ected too much), 

and when stress was limited to either physical or mental stress 

instead of the combination of both. Also, studies were excluded 

when soldiers received scheduled sleep for more than 3 unin-

terrupted hours per mission or when a shift  system was present; 

CONOPS were not included in this review. Studies that looked 

at soldier performance in protective clothing (influence on 

results), simulated laboratory trials trying to reproduce fi eld 

trial test results (controlled studies are not similar to fi eld stud-

ies), studies investigating solely female soldiers or (helicopter) 

pilots, and studies lacking statistical analysis were excluded as 

well. Aft er the screening on the aforementioned inclusion crite-

ria, 7 articles out of the 589 identifi ed records were selected. It 

has to be noted that the two selected articles by Lieberman  34 , 35   

both described the same 53-h military training course. In addi-

tion, Lieberman et al.  35   also described the 73 h of Hell Week 

from the Navy SEALs.     

 RESULTS 

     Table I   summarizes methodological information about the 

selected studies, showing similarities, but particularly the many 

methodological diff erences. All selected studies measured the 

eff ects of sustained operations on cognitive performance, but 

due to the multidimensional construct of cognition, many dif-

ferent aspects of cognition have been analyzed.     

 A summary and short explanation of the used cognitive 

tasks is presented in     Table II  . Cognitive aspects are divided 

into four diff erent modalities: vigilance, reaction time, working 

memory, and reasoning. Th ree of these modalities (reaction 

time, working memory, and reasoning) were selected from the 

six cognitive constructs used by Casler and Cook.  9   Vigilance 

was added since it is highly relevant to remain alert during mili-

tary tasks. In addition, vigilance is intuitively likely to be aff ected 

during SUSOPS, including the fact that vigilance will be a con-

founding variable in results from other modalities if the test 

duration exceeds 30 min.  37   Besides the fact that we ranked the 

outcomes of the selected studies per cognitive modality, study 
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results are also ranked from shortest duration of the opera-

tion to the longest SUSOPS. Th is particular order was chosen 

to allow us to identify a possible time constant of the perfor-

mance decrement.     

 Vigilance was measured in fi ve studies (    Table III  ). More-

over, Harris et al.  20   compared start task performance with end 

task performance, which also quantifi es vigilance. Th erefore, 

these outcomes were also included as vigilance performance. 

Vigilance decreased in four of the selected studies.     

 In the studies of Lieberman et al.,  34 , 35   the amount of 

errors made during the four choice reaction time task (FCRT 

task) was found to increase by 200% (from 12.5 at the start 

to 39.8 after the course  34  ) and 700% (no exact values were 

presented  35  ) comparing start and end task results, with reaction 

 Table I.        Description of the Selected Studies.  

  STUDY 

DURATION

WHEN 

COGNITIVE 

TESTING TEST TIMES

EXERCISES 

DURING STUDY

WATER 

AVAILABILITY

FOOD 

AVAILABILITY

AMOUNT 

OF SLEEP SOURCE  

  53 h Prefi eld/fi eld/

postfi eld

6 PM/12 PM/5 AM Continuously 

active, exercises 

simulate 

combat, 

traveling small 

boats, off -road 

hiking with 

heavy load 

carriage

Ad libitum Limited to 

1250 kcal 

during whole 

study

Unknown Lieberman et al.  34   

 73 h Prefi eld/postfi eld 5-6 PM/10:30 PM 

& 5 AM

Extremely 

demanding 

continuous 

activities on 

beach, in boats, 

or in surf. Severe 

cold stress. 

 . 50% subjects 

dropped out

Unknown Unknown 1 h Lieberman et al.  35   

 84 h 

laboratory-

based

Prefi eld/50 h/

postfi eld

6-11 AM 49 h military 

relevant fi eld 

exercises (e.g., 

battle drills, road 

marches, land 

navigation 

courses)

Ad libitum 1650 kcal/d 

(energy 

expenditure 

4500 kcal/d)

5  3  1 h and 

1  3  2 h

Castellani et al.  10   

 5 d 7 3  in 24 h 

(every 4 h)

1 st  at 8 AM Continuously 

physically active. 

(Intensity level 

 6  35% maximal 

oxygen uptake)

Ad libitum 1195 kcal/d 

(energy 

expenditure 

9560 kcal/d)

Estimated 1-3 h Opstad  42   

 3 3  a 5-d training 

course; the fi rst 

and second test 

week are 

reported

Monday, 

Wednesday, and 

Friday morning, 

Wednesday and 

Friday afternoon

Not reported Continuously 

physically active 

with military 

fi eld exercises 

(e.g., speed 

marches, 

obstacle courses, 

battle drills).

Ad libitum Unknown Estimated 5-7 h 

(the third 

week  . 3 h 

uninterrupted 

sleep was 

reported, not 

meeting the 

inclusion 

criteria)

Vrijkotte et al.  57   

 7 d Prefi eld/postfi eld 4 PM or morning 

before start/

4 PM

Survival training 

with many 

elements of 

military 

operations

Unknown Unknown Unknown 

( . 3 h 

uninterrupted 

sleep unlikely)

Harris et al.  20   

 9 d Days 4 to 9 Days 4 to 8, 

5-7 PM/Day 9, 

8 AM

Except for being 

inside 12 3  50 

min during fi rst 

4 d, subjects 

were outside 

conducting 

survival exercises 

in the cold

Melting snow Days 7 and 8 

limited food 

(total of 450 kcal)

Unknown 

( . 3 h 

uninterrupted 

sleep might 

have occurred)

Marrao et al.  39    
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times becoming 15%  35   to 20%  34   slower. In addition, correct 

responses during the visual vigilance task decreased almost 

25%, with 20% slower reaction times comparing prefi eld and 

postfi eld results.  34   

 Castellani et al.  10   reported a performance decline around 

60% for correct responses during the visual vigilance task, but 

no signifi cance was found in false alarms nor reaction times. 

Also, a 10% decrease was observed for correct responses during 

 Table II.        Overview of the Investigated Cognitive Performance Attributes, Outcome Variables, and Grouping of the Attributes.  

  TASK CONTENT OUTCOME VARIABLES (SOURCE)

COGNITIVE 

MODALITY  

  Code substitution From the ANAM.  47   A digit-symbol pair has to be compared to a 

key-symbol pair. Subjects had to respond whether the shown 

digit-symbol pair matched a key-symbol pair or not.

Reaction time and number of correct 

responses.  3  

Working memory 

 Digit symbol 

substitution

Originated from the  “ Otis Army Beta Battery. ”   58   Symbols have to be 

associated with other symbols according to a predefi ned  “ code. ” 

No outcome variables were defi ned.  42  Working memory 

 Four-choice reaction 

time

A series of visual stimuli were presented at one of four diff erent 

spatial locations on a computer screen.  14   Subjects had to indicate 

the correct spatial location of the stimuli by pressing one of four 

adjacent keys.

Number of correct and incorrect 

responses, reaction time, number 

of premature errors, and time-out 

errors.  10 , 34 , 35  

Reaction time 

 Grammatical 

reasoning

Sentences are claimed to describe the order of two letters (A and B). 

Subjects have to answer whether the description was true or false.  5  

Number of correct responses, number of 

incorrect responses, and reaction time.  34 , 35  

Reasoning 

 Grammatical 

transformation

Sentences are claimed to describe the order of two letters (A and B). 

Subjects have to answer whether the description was true or false.  5  

Number of correct responses normalized 

against baseline performance.  39  

Reasoning 

  “ Higher mental 

processes ” 

Sentences are claimed to describe the order of two letters (A and B). 

Subjects have to answer whether the description is true or false.  5  

No outcome variables were defi ned.  42  Reasoning 

 Logical reasoning From the ANAM.  47   Subjects had to respond whether a given 

statement matched the displayed two symbols or not.

Reaction time and number of correct 

responses.  20  

Reasoning 

 Matching to sample An 8  3  8 matrix of a red/green checkerboard was presented for 6 s 

followed by a variable delay interval. Then two matrices were 

presented: the original and one with the colors of the two squares 

reversed. Subjects had to select the original matrix.  49  

Number of correct responses and 

reaction time.  10 , 34 , 35  

Working memory 

 Memory task A Sternberg memory task  50   with a two-item and a six-item 

memory set.

Reaction time and number of correct 

responses.  20  

Working memory 

 Memory task 

(continuous 

performance task)

From the ANAM — the continuous performance task.  47   A character 

is presented as the target character. Diff erent characters are shown 

and the target character had to be detected.

Reaction time and number of correct 

responses.  20  

Working memory 

 N-back A target is the character X (for 0-back) or the same character that was 

presented one or two stimuli previously (1-back and 2-back).  43  

Reaction time and percentage correct 

responses.  57  

Working memory 

 Planning Plan the most effi  cient shopping routes using two carts to pick up 

highlighted items from a supermarket grid layout.  40  

Number of steps exceeding the perfect 

plan to complete the task.  39  

Reasoning 

 Repeated acquisition A sequence of 12 keystrokes was learned by the subjects. A rectangle 

outline was presented and correct responses fi lled part of the 

rectangle. When the rectangle was fi lled, a new empty rectangle 

was presented.  3  

Number of incorrect responses and 

time to complete the trial.  10 , 34 , 35  

Working memory 

 Scanning visual 

vigilance

Subjects have to scan a computer screen to detect an infrequent, 

diffi  cult-to-detect stimulus. The stimulus appears at random 

locations and intervals for 2 s. When a stimulus was detected, 

the keyboard space bar had to be pressed as rapidly as possible.  16  

Number of detected stimuli, reaction 

time, and number of incorrect 

responses.  34 , 35  

Vigilance 

 Simple reaction time From the ANAM.  47   Each time the symbol  ‘ * ’  is presented on the 

screen, the subjects had to respond as quickly as possible.

Reaction time and number of correct 

responses.  20  

Reaction time 

 Silent wrist watch Subjects had to respond to random vibrations of a silent wrist watch. 

A message accompanied the vibration and when the message 

 “ write ”  appeared, the time of the message had to be recorded.

Number of correct  “ write ”  responses.  43  Vigilance 

 Spatial processing From the ANAM.  47   A four-bar histogram was presented to memorize. 

Thereafter, a rotated four-bar histogram was presented and subjects 

had to respond whether the presented histogram was the same or 

not as the fi rst histogram shown (except for the rotation).

Reaction time and number of correct 

responses.  39  

Working memory 

 Tower of Hanoi Transform picture one into picture two by moving the disks in the 

presented amount of steps.

Completion time.  57  Reasoning 

 VigTrack Dual-task combining steering a disk to the red dot in the center of 

the screen with detecting the target fi gure presented within the 

red dot.  54  

Root mean square tracking error, 

percentage missed stimuli, reaction 

time.  57  

Vigilance 

 Visual vigilance Subjects had to respond as fast as possible to a changing and 

diffi  cult to detect stimulus that was presented at random intervals 

at diff erent places on the computer screen for a total of 2 s. When 

a stimulus was detected, the keyboard space bar had to be pressed 

as rapidly as possible.

Number of detected stimuli, reaction 

time, number of incorrect responses.  10  

Vigilance  
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the FCRT task and time-out errors signifi cantly increased as 

well, but reaction times did not diff er. Vrijkotte et al.  57   showed 

that the root mean square tracking error (the average distance 

of the disk compared to the target red dot) had doubled at day 

5 in week 1. In the second test week, vigilance was aff ected at 

the third day already and remained aff ected during the rest of 

the week. Th is same pattern was observed for the percentage 

missed stimuli and reaction times during the second test week, 

although reaction times were aff ected less severely. 

 In six of the seven tasks investigated by Harris et al.,  20   per-

formance (reaction time and/or correct responses) decreased. 

Within-task analysis revealed that accuracy during the spatial 

processing task decreased 5% aft er 7 d of military training. End 

task reaction times of the simple reaction time task, code sub-

stitution, logical reasoning, and continuous performance task 

decreased on average between 10 and 20% compared to start 

task performance. Accuracy of the two-item memory task 

improved by 2% while no diff erences were found for the six-

item memory task performance. In Marrao et al. ’ s study,  39   no 

signifi cant diff erences in vigilance were reported. 

 Simple reaction time was measured only in the study of 

Harris et al.  20   A 20-min subset of the ANAM was used, but 

exact task duration of the simple reaction time task was not 

reported. A signifi cant 5% increase in reaction time during the 

simple reaction time task was observed, while the number of 

correct responses remained unaff ected. 

 Five studies measured the eff ects of sustained operations on 

working memory (    Table IV  ). Aft er 73 h of Hell Week, comple-

tion of the repeated acquisition task took twice as much time 

compared to baseline performance, whereas reaction times 

during the matching-to-sample task increased by 25%.  34   Com-

pletion time on the same task after 53-h military training 

for Rangers increased by 40% and so did reaction times dur-

ing the matching-to-sample task.  35   Castellani et al.  10   found no 

 Table III.        Eff ects of Sustained Operations on Vigilance.  

  COURSE DURATION PARTICIPANTS TASK DURATION EFFECT ON PERFORMANCE* SOURCE  

  53 h 31 men FCRT; 5 min.  ↓  after 35 h: Lieberman et al.  34   

 VV; 20 min. FCRT: incorrect responses  P   ,  0.01& time-out errors  P   ,  0.05 

& reaction times  P   5  NS 

 VV: correct responses  P   ,  0.001, false alarms  P   ,  0.01, & reaction 

times  P   ,  0.01 

  ↓  after 53 h: 

 FCRT: incorrect responses  P   ,  0.001, time-out errors  P   ,  0.01, 

& reaction times  P   ,  0.001 

 VV: correct responses  P   ,  0.001, false alarms  P   ,  0.05, & reaction 

times  P   ,  0.001 

 73 h 16 men FCRT; 5 min.  ↓  after 73 h: Lieberman et al.  35   

 FCRT; incorrect responses  P   ,  0.001 & reaction times  P   ,  0.001 

 No other vigilance outcome measures were presented 

 84 h 13 men FCRT; 5 min.  ↓ /  –  after 50 h: Castellani et al.  10   

 VV; 20 min. FCRT: correct responses  P   ,  0.05, time-out errors  P   ,  0.05, 

& reaction times  P   5  NS 

 VV: correct responses  P   ,  0.001, false alarms  P   5  NS, & reaction 

times  P   5  NS 

  ↓  /  –  after 75 h: 

 FCRT: correct responses  P   ,  0.05, time-out errors  P   ,  0.05, 

& reaction times  P   5  NS 

 VV: correct responses  P   ,  0.001, false alarms  P   5  NS, & reaction 

times  P   5  NS 

 3 3  5 d 9 men VigTrack; 5 min.  ↓  Week 1, after 4 d: Vrijkotte et al.  57   

 VigTrack: RMS tracking error  P   ,  0.01, reaction times  P   ,  0.01, 

& percentage missed stimuli  P   ,  0.01 

  ↓  Week 2, after 3 d: 

 VigTrack: RMS tracking error  P   ,  0.01, reaction times  P   ,  0.01, 

& percentage missed stimuli  P   ,  0.01 

 7 d 35 men Not reported, but  , 20 min. 

in total since subsets of 

ANAM were used. ANAM 

takes 20 min.

 ↓  /  –  /  ↑  within task performance: Harris et al.  20   

 SRT: reaction time  P   5  0.05 

 CS: reaction time  P   ,  0.001 & correct responses  P   5  NS 

 SP: reaction time  P   5  NS & correct responses  P   ,  0.001 

 LR1: reaction time  P   ,  0.01& correct responses  P   ,  0.01 

 Two-item MT: reaction time  P   5  NS & correct responses  P   5  0.05 

 Six-item MT: reaction time  P   5  NS & correct responses  P   5  NS 

 CPT: reaction time  P   ,  0.01 & correct responses  P   5  NS 

 9 d 28 men SWW; 4 times 3 s  –  over 4 test days (course days 5 to 8) Marrao et al.  39   

 SWW: correct responses  P   5  NS  

   * ↓  Decrease in performance;  –  no change in performance;  ↑  increase in performance.  

  FCRT  5  four-choice reaction time, VV  5  visual vigilance, MS  5  matching to sample, SRT  5  simple reaction time, CS  5  code substitution, SP  5  spatial processing, LR1  5  logical reasoning, 

MT  5  memory task, CPT  5  continuous performance task, SWW  5  silent wrist watch, RMS  5  root mean square tracking error, NS  5  not signifi cant.   
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diff erences in working memory performance aft er 84 h of mili-

tary work, with exception of the number of time-out errors dur-

ing the matching to sample task, which was three times higher. 

Opstad  42   took the results of the working memory and reason-

ing tasks together and reported a 40% performance reduction.     

 Vrijkotte et al.  57   found a decrement of 25% in the percentage 

correct responses during the two-back task comparing the test 

results of the fi ft h day with test results earlier in week 1. Reac-

tion times did not diff er signifi cantly. Th e second week, on the 

other hand, showed a more than 40% reduction of correct 

responses comparing day 1 with day 3 and a major reduction of 

70% comparing day 1 to the fi nal day of the week, although the 

aft ernoon sessions showed 20% recovery compared to day 1. 

Reaction times during week 3 became extremely fast (up to 375 

ms) on the morning of the fi nal day, which is beyond normal 

physiological response times. Performance on the two mem-

ory tasks and the code substitution task remained unaff ected 

in the study of Harris et al.  20   Nevertheless, performance of 

the continuous performance task improved by 5% and the 

spatial processing task performance improved by 2% aft er 7 d 

of military training. 

 Reasoning was measured in four of the selected studies 

(    Table V  ). Aft er 35 h of military operations, Lieberman et al.  34   

found a signifi cant decrement of almost 7% in grammatical rea-

soning which continued to decline up to 15% aft er 53 h of 

SUSOPS, during which errors almost doubled from 4.2 to 7.8 

errors. No diff erences were found for reaction time. In Opstad ’ s 

study,  42   the results of the reasoning and pattern recognition 

tasks were taken together. Average performance decreased by 

20% aft er 16 h of military training and up to 55% for between 

72 and 96 h of SUSOPS compared to baseline. Vrijkotte et al.  57   

found completion time for the Tower of Hanoi to be increased 

by 30% at day 5 in week 1. Again, performance in week 3 

showed the most decrement, with reductions up to 130% on 

day 3 and even 260% on day 5. In Marrao et al. ’ s study,  39   gram-

matical transformation improved by 9% during the fi ft h test 

day, but no diff erences were found during the planning task.       

 DISCUSSION 

 It was expected that all cognitive modalities would deteriorate 

over time and that the magnitude of the deterioration would 

increase with the duration of the sustained operation, whether 

in a linear fashion or not, without reaching a steady state per-

formance or a fatiguing point and despite the diff erent goals for 

the selected training courses. Th is review showed that vigilance, 

reaction time, and working memory were aff ected during rela-

tively short military operations (up to 80 h) with high exercise 

intensity, being sensitive for physical and mental stress with-

out recovery time. Thereafter, a breaking point is observed 

with inconsistent performances (improvement, decrements, 

and stable performance). Reasoning seems to be sensible to 

diff erent stress levels and related to a diff erent time course 

 Table IV.        Eff ects of Sustained Operations on Working Memory.  

  COURSE DURATION PARTICIPANTS TASK DURATION EFFECT ON PERFORMANCE* SOURCE  

  53 h 31 men RA; 10 min.  ↓  after 35 h: Lieberman et al.  34   

 MS; 5 min. RA: incorrect responses  P   ,  0.01& time to complete  P   ,  0.01 

 MS: correct responses  P   ,  0.01& time-out errors  P   ,  0.05 

& reaction times  P   ,  0.001 

  ↓  after 53 h: 

 RA: incorrect responses  P   ,  0.01 & time to complete  P   ,  0.001 

 MS: correct responses  P   ,  0.001, time-out errors  P   ,  0.01, 

& reaction times  P   ,  0.05 

 73 h 16 men RA; 10 min.  ↓  after 73 h: RA: time to complete  P   ,  0.001 Lieberman et al.  35   

 MS; 5 min. MS: reaction times  P   ,  0.001 

 84 h 13 men RA; 10 min.  –  after 50 h: RA: incorrect responses  P   5  NS & time to complete 

 P   5  NS; MS: correct responses  P   5  NS, reaction times  P   5  NS, 

& time-out errors  P   ,  0.05

Castellani et al.  10   

 MS;  6  7 min.  –  after 75 h: RA: incorrect responses  P   5  NS & time to complete 

 P   5  NS; MS: correct responses  P   5  NS, reaction times  P   5  NS, 

& time-out errors  P   ,  0.05 

 5 d 18 men HMS/DSS; not reported  ↓  after the course: Mean HMS/DSS: performance  P   ,  0.001 Opstad  42   

 3 3  5 d 9 men N-back; 5 min.  ↓  / –  Week 1, after 4 d: 2-back: % correct responses  P   ,  0.01 

& reaction times  P   5  NS

Vrijkotte et al.  57   

   ↓  Week 2, after 3 d:   2-back ; % correct responses  P   ,  0.01 

& reaction times  P   ,  0.05 

 7 d 35 men Not reported, but  , 20 min. 

in total since subsets of 

ANAM were used. ANAM 

takes 20 min.

 ↑ / –  post training: Harris et al.  20   

 Two-item MT: correct responses  P   5  NS 

 Six-item MT: correct responses  P   5  NS 

 CPT: correct responses  P   ,  0.05 

 CS: correct responses  P   5  NS 

 SP: correct responses  P   ,  0.05  

   * ↓  Decrease in performance;  –  no change in performance;  ↑  increase in performance.  

  RA  5  repeated acquisition, MS  5  matching to sample, Mean HMS/DSS  5  mean higher mental processes/digit symbol substitution, MT  5  memory task, CPT  5  continuous performance 

task, CS  5  code substitution, SP  5  spatial processing, NS  5  not signifi cant.   

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



724  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 87, No. 8 August 2016

MILITARY OPS & COGNITION — Vrijkotte  et al. 

compared to vigilance, reaction time, and working memory. 

Reasoning is affected during short and intensive training 

courses as well as aft er 7 d of military training.  20   Recovery of 

this modality is not as quick as the previously discussed cog-

nitive modalities and it has to be kept in mind that complex 

cognitive task results might be infl uenced by motivation and 

eff ort. Harris et al.  20   showed that actual cognitive impairment 

can be masked due to the mobilization of resources (motivation 

and eff ort), which is absent in simple cognitive tasks.  10 , 20   In 

addition, Vrijkotte et al.  57   showed that reasoning performance 

can be restored to normal values within 12 h. Th is might be due 

to the changes in course intensity. 

 Quick recovery of vigilance, reaction time, and working 

memory is possible when short naps are taken or when sol-

diers are able to get some rest,  56   which confi rms laboratory 

studies investigating the dose-response eff ect between sleep 

deprivation and cognitive performance, and the restorative 

eff ect of even short periods of sleep.  55   A total of 4 h/d of sleep 

for 6 d (thus 24 h of sleep in a period of 152 h) should be ade-

quate to maintain cognitive performance  25   or to restore cog-

nition aft er being awake for 90 h.  24   Th ese results confi rm the 

relationship between stress and the simpler constructs of cogni-

tive performance. 

 A linear relationship might exist between high stress levels 

and an impaired vigilance, reaction time, and working memory, 

which is valid for training courses up to 80 h.  34 , 35   Belenky et al.  6   

concluded that cognitive decline starts to show aft er 18 h of sus-

tained work. Each 24 h, cognitive performance deteriorates by 

at least 25%, which results in a 75% deterioration of cognitive 

performance aft er 72 h sustained work, which is in line with our 

80-h threshold. Despite the large performance drop aft er 72 h, 

Belenky et al.  6   stated that soldiers can remain operationally 

ready for 2 to 3 d without sleep. Th is is supported by Ainsworth 

and Bishop,  4   who found that tank crews showed little deteriora-

tion in performance aft er 48 h without sleep. On the contrary, 

Haslam  23   stated that soldiers lose their eff ectiveness aft er 48 to 

72 h without sleep and one night in the fi eld without sleep will 

already reduce cognitive performance. Again, these discrepan-

cies, along with the small number of studies that actually met 

our inclusion criteria, warrants more thorough investigation of 

cognitive performance in operational settings to allow for the 

determination of an actual operational threshold. In our review 

we found inconsistent results in simple cognitive performance 

during SUSOPS lasting longer than 80 h. Th is fi nding might be 

true, but the amount of sleep, caloric consumption,  24 , 41 , 48   and 

diff erences in military tasks that were performed and environ-

mental circumstances might account for dissimilar fi ndings in 

diff erent studies. 

 Incidents that occur during combat and training courses are 

likely to be the result of aff ected cognitive performance,  35   aris-

ing all of a sudden.  19 , 35   Th is abrupt strike can have devastating 

consequences which should be prevented. Th ere is no model or 

equation to predict the level of cognitive decrement as a func-

tion of stress. Apart from the obvious caveat of interindividual 

diff erences, which are a common denominator in all human 

performance research, the development of such a model would 

be very complex due to two key elements that need to be 

included in this formula: time and intensity. Soldiers ’  sustain-

ability is not just the simple product of time and intensity, it 

is a process during which time and intensity continuously 

aff ect each other. Th is interaction, in turn, aff ects the recovery 

or impairment of cognitive modalities. Th erefore, determining 

whether a soldier is still operationally  “ ready ”  is very complex 

and an issue researchers are trying to clarify. Our reviewed 

studies show that the amount of cognitive decline is very depen-

dent on the circumstances and the stress experienced by the 

soldier. Th erefore, adjustments need to be made according to 

the circumstances and it needs to be questioned whether a cog-

nitive decline of around 75%, as reported by Belenky et al.,  6   is 

acceptable for operational readiness. 

 Th ere appears to be an inconsistency in the use of the tax-

onomy of cognitive aspects. Due to the multiple variable out-

comes of tasks, many inconsistencies in the denomination 

of cognitive modalities were found. Th is was summarized in 

 Table II . For example, several studies mentioned measur-

ing pattern recognition while they were actually investigating 

working memory  20 , 23 , 42   or reasoning.  39   More specifi cally, Ops-

tad  42   called the  ‘ digit symbol substitution task ’  a pattern rec-

ognition task, whereas this task is known to tap into working 

memory because working memory is used to keep the  “ code ”  

of symbol pairs available and to create the right substitu-

tion according to these pairs. In addition, many tasks measure 

 Table V.        Eff ects of Sustained Operations on Reasoning.  

  COURSE DURATION PARTICIPANTS TASK DURATION EFFECT ON PERFORMANCE* SOURCE  

  53 h 31 men GR; 5 min.  ↓  after 35 h: GR: correct responses  P   ,  0.05, incorrect responses 

 P   5  NS, no responses  P   5  NS, & reaction times  P   5  NS

Lieberman et al.  34   

  ↓  after 53 h: GR: correct responses  P   ,  0.001, incorrect responses 

 P   ,  0.001, no responses  P   5  NS, & reaction times  P   5  NS 

 5 d 18 men HMS/DSS; none reported  ↓  after the course: Mean HMS/DSS: performance  P   ,  0.001 Opstad  42   

 3 3  5 d 9 men Tower of Hanoi; 5 min.  ↓  Week 1, after 4 d: 2-back: completion time  P   ,  0.01 Vrijkotte et al.  57   

  ↓  Week 2, mornings of days 3 and 5: 2-back: completion time 

 P   ,  0.01 

 9 d 28 men GT; 2 min.  ↑  test day 5: GT: correct responses  P   ,  0.05 Marrao et al.  39   

 P; 5 min.  –  over all test days: P: number of steps taken to complete task 

 P   5  NS  

   * ↓  Decrease in performance;  –  no change in performance;  ↑  increase in performance.  

  GR  5  grammatical reasoning, Mean HMS/DSS  5  mean higher mental processes/digit symbol substitution, LR1  5  logical reasoning, GT  5  grammatical transformation, P  5  planning, NS 

 5  not signifi cant.   
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additional cognitive aspects besides the main aspect which the 

task was designed to evaluate, but it appears that authors fi nd 

it diffi  cult to separate diff erent outcome measures, probably 

because cognition works in an integrated fashion as a whole. 

For example, the reaction times measured during memory, rea-

soning, or recognition tasks are presented as part of the main 

task, while in fact reaction time is a diff erent cognitive con-

struct,  20   which, if not investigated separately to ensure it is not 

aff ected, may confound results from these modalities. Th e same 

applies to vigilance, as we discussed earlier with the compari-

son of performance at the beginning and at the end of a task. 

Th e problem of the interpretation of the task results is closely 

related. Th ere are authors who report the outcome variables 

separately, while Opstad  42   reports multiple performance vari-

ables or tasks. Combined task results need diff erent interpreta-

tion compared to single outcome variables. 

 When attempting to measure performance, there is always 

the tradeoff  between ecological validity and standardization. 

Th e more standardized the training courses, the better results 

can be compared with other studies. However, more stan-

dardization will negatively aff ect the replication of the real 

battlefi eld. Soldiers are more likely to experience higher stress 

levels during real fi eld operations compared to simulated oper-

ations.  34 , 35   Although military teachers strive to expose their 

pupils to situations as realistic as possible, training sessions will 

always be limited. In addition, every course has its own pro-

gram and purpose, infl uencing the duration and the physical 

and mental stress of training courses.  27 , 52 , 53   Since physiological 

stress is probably related to cognitive performance on various 

tasks, we advise collecting physiological data in order to quan-

tify and relate physiological data with cognitive parameters. 

 For each cognitive modality, multiple tests have been devel-

oped and there is no consensus about the tasks being used. In 

1989, a NATO RTO workgroup developed the AGARD test 

battery.  2   Unfortunately, researchers did not collectively adopt 

and use the test battery, but continued to use their own set of 

tasks and tests. Th is holds true for the use of questionnaires, 

diaries, and other measurements as well. Due to the lack of gold 

standard measurements in the fi eld of cognition, outcome vari-

ables are still slightly diff erent, even when stemming from tests 

aimed at investigating the same constructs. Furthermore, with 

regard to protocol, test times are not consistent, which makes 

circadian and ultradian rhythms confounding variables in the 

data.  28 , 56   Limited duration of cognitive tasks might cover up 

diff erences in cognitive performance when solely comparing 

average task scores. It is recommended to test for within-task 

performance deteriorations. Also, test frequency varies, with 

too many test sessions leading to learning eff ects. In addition, 

the number of participants in the selected studies is low, leading 

to limited statistical power.  10   

 Uncontrollable factors also infl uence task results. Leader-

ship style, group cohesion, and other psychological issues 

are of importance for cognitive performance.  22 , 23 , 45   Haslam  23   

reported that platoon commanders were responsible for 52% 

of the soldiers who completed the course due to their enthusi-

asm and spirit. In addition, experienced soldiers were found to 

have lower anxiety scores and better cognitive performance.  35   

According to Haslam,  23   experienced soldiers might better pace 

the course, but it remains unclear whether this is the case in the 

real battlefi eld. 

 From the few studies that met our stringent inclusion and 

exclusion criteria, we can conclude that cognitive performance 

is severely aff ected during SUSOPS. Th e modalities that were 

investigated can be divided into two groups with their own 

time constraints of decrement and recovery. Results of the 

selected studies indicate that vigilance, reaction time, and 

working memory are aff ected most during episodes of rela-

tively short duration and high intensity exercise. Deteriorations 

of these modalities during courses longer than 80 h were 

limited; therefore, it is likely that these cognitive constructs 

recover quickly when stress is reduced. On the contrary, logical 

reasoning is aff ected during short durations of high intensity 

exercise, but remains aff ected during prolonged military opera-

tions. Th ese fi ndings lead us to believe that reasoning is a cogni-

tive construct that needs a relatively long recovery time to 

restore to baseline functions. Considering the implications for 

decision making in the battlefi eld, the means to counteract this 

decrement would warrant further investigation.     

 ACKNOWLEDGMENTS 

 B. Roelands is a post-doctoral fellow of the Fund for Scientifi c Research 

Flanders (FWO). 

  Authors and affiliations:  Susan Vrijkotte, M.Sc., Bart Roelands, Prof. 

Dr., Romain Meeusen, Prof. Dr., and Nathalie Pattyn, Prof. Dr., Department of 

Human Physiology & Sports Medicine, Vrije Universiteit Brussel, Brussels; 

Romain Meeusen, Prof. Dr., School of Public Health, Tropical Medicine and 

Rehabilitation Sciences, James Cook University, Queensland, Australia; and 

Nathalie Pattyn, Prof. Dr., VIPER, Royal Military Academy, Brussels, and Depart-

ment of Biological Psychology, Vrije Universiteit Brussel, Brussels, Belgium.  

  REFERENCES 

   1.       Adam   GE,     Carter   3rd   R,     Cheuvront   SN,     Merullo   DJ,     Castellani   JW,    et al.   

 Hydration eff ects on cognitive performance during military tasks in 

temperate and cold environments .  Physiol Behav.   2008 ;  93 ( 4 – 5 ): 748  –  756 .  

   2.     Aerospace Medical Panel Working Group 12, North Atlantic Treaty 

Organization Advisory Group for Aerospace Research and Development . 

Human performance assessment methods. Nueilly-sur-Seine (France): 

NATO Advisory Group for Aerospace Research & Development;  1989 . 

Report No: AGARDograph-AG-308.  

   3.       Ahlers   ST,     Th omas   JR,     Schrot   J,     Shurtleff    D   .  Tyrosine and glucose 

modulation of cognitive defi cits resulting from cold stress . In:    Mariott 

  BM   , editor.  Food components to enhance performance: an evaluation 

of potential performance-enhancing food components for operational 

rations.   Washington (DC) :  National Academy Press ;  1994 : 301  –  320 .  

   4.       Ainsworth   LL,     Bishop   HP   . Th e eff ects of a 48-hour period of sustained fi eld 

activity on tank crew performance. Alexandria (VA): Human Resources 

Research Organization;  1971 . Report No: HumRRO-TR-71-16.  

   5.       Baddely   AD   .  A 3 min reasoning test based on grammatical transformation . 

 Psychon Sci.   1968 ;  10 ( 10 ): 341  –  342 .  

   6.       Belenky   GL,     Krueger   GP,     Balkin   TJ,     Headley   DB,     Solick   RE   . Eff ects of 

continuous operations (CONOPS) on soldier and unit performance: 

review of the literature and strategies for sustaining the soldier in 

OR

OR

OR

OR

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



726  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 87, No. 8 August 2016

MILITARY OPS & COGNITION — Vrijkotte  et al. 

CONOPS. Fort Detrick (MD): Walter Reed Army Institute of Research 

Division of Neuropsychiatry;  1987 . Report No: WRAIR-BB-87-1.  

   7.       Bonnet   MH   .  Sleep deprivation . In:    Kryger   M,     Roth   T,     Dement   W   , editors. 

 Principles and practices of sleep medicine.   Philadelphia (PA) :  Saunders 

Company ;  2000 : 53  –  68 .  

   8.       Buguet   A,     Moroz   DE,     Radomski   MW   .  Modafi nil — medical considerations 

for use in sustained operations .  Aviat Space Environ Med.   2003 ;  74 ( 6, Pt. 

1 ): 659  –  663 .  

   9.       Casler   JG,     Cook   JR   .  Cognitive performance in space and analogous 

environments .  Int J Cogn Ergon.   1999 ;  3 ( 4 ): 351  –  372 .  

   10.       Castellani   JW,     Nindl   BC,     Lieberman   HR,     Montain   SJ   . Decrements in 

human performance during 72–84 hours of sustained operations. Natick 

(MA): U.S. Army Research Institute of Environmental Medicine;  2006 .  

   11.       Cosenzo   KA,     Fatkin   LT,     Patton   DJ   . Ready or not: enhancing operational 

eff ectiveness through use of readiness measures. Aviat Space Environ 

Med. 2007; 78(5, Suppl.): B96 – B106.  

   12.       Cowings   P,     Toscano   W,     DeRoshia   C,     Taylor   B,     Hines   A,     Dodds   A   . 

 Converging indicators for assessing individual diff erences in adaptation 

to extreme environments .  Aviat Space Environ Med.   2007 ;  78 ( 5, Suppl. ):

 B195  –  B215 .  

   13.       Doan   BK,     Caldwell   JA,     Hursch   SR,     Whitmore   JN,     O ’ Donnell   RD, 

    Russo   MB   .  Assessing psychoactive pharmaceuticals and transitioning 

pharmacological fatigue countermeasures into operational environments . 

 Aviat Space Environ Med.   2005 ;  76 ( 7 ): C34  –  C38 .  

   14.       Dollins   AB,     Lynch   HJ,     Wurtman   RJ,     Deng   MH,     Kischka   KU,    et al.    Eff ect 

of pharmacological daytime doses of melatonin on human mood and 

performance .  Psychopharmacology (Berl).   1993 ;  112 : 490  –  496 .  

   15.       Englund   CE,     Ryman   DH,     Naitoh   P,     Hodgdon   JA   .  Cognitive performance 

during successive sustained physical work episodes.  San Diego (CA): 

Naval Health Research Center;  1984 . Report No: 84-31 AD-A148 061.  

   16.       Fine   BJ,     Kobrick   JL,     Lieberman   HR,     Marlowe   B,     Riley   RH,     Th arion   WJ   . 

 Eff ects of caff eine or diphenhydramine on visual vigilance .  Psychophar-

macology (Berl).   1994 ;  114 ( 2 ): 233  –  238 .  

   17.       Fogt   DL,     Cooper   PJ,     Freeman   CN,     Kalns   JE,     Cooke   WH   .  Heart rate 

variability to assess combat readiness .  Mil Med.   2009 ;  174 ( 5 ): 491  –  495 .  

   18.       Hancock   PA,     Hoff man   JE   .  Stress and cognitive workload. Tactical display 

for soldiers: human factors considerations.   Washington (DC) :  National 

Academy Press ;  1997 .  

   19.       Hancock   PA,     Krueger   GP   . Hours of boredom, moments of terror: temporal 

desynchrony in military and security force operations, Washington (DC): 

Center for Technology and National Security Policy, National Defense 

University;  2010 . Report No: 78.  

   20.       Harris   WC,     Hancock   PA,     Harris   SC   .  Information processing changes 

following extended stress .  Mil Psychol.   2005 ;  17 ( 2 ): 115  –  28 .  

   21.       Harris   WC,     Ross   KG,     Hancock   PA   .  Changes in soldier ’ s information 

processing capability under stress . In:    Hancock   PA,     Szalma   JL   , editors. 

 Performance under stress.   Aldershot (UK) :  Ashgate Publishing ;  2008 :

 101  –  114 .  

   22.       Harville   D,     Harrison   R,     Scott   C   .  Th e fatigue equivalent of job experience 

and performance in sustained operations.   Brooks City-Base  ( TX) :  Human 

Eff ectiveness Directorate ;  2006 .  

   23.       Haslam   DR   .  Th e military performance of soldiers in sustained operations . 

 Aviat Space Environ Med.   1984 ;  55 ( 3 ): 216  –  221 .  

   24.       Haslam   DR   .  Sleep deprivation and naps .  Behav Res Methods Instrum 

Comput.   1985 ;  17 ( 1 ): 46  –  54 .  

   25.       Haslam   DR   .  Sustained operations and military performance .  Behav Res 

Methods Instrum Comput.   1985 ;  17 ( 1 ): 90  –  95 .  

   26.       Johnson   RF,     Merullo   DJ,     Montain   SJ,     Castellani   JW   . Markmanship during 

simulated sustained operations. Proceedings of the Human Factors and 

Ergonomics Society 45 th  Annual Meeting; Oct. 8–12, 2001; Minneapolis, 

MN. Santa Monica (CA): HFES;  2001 ; 45: 1382  –  1385 .  

   27.       Kashihara   K,     Maruyama   T,     Murota   M,     Nakahara   Y   .  Positive eff ects of 

acute and moderate physical exercise on cognitive function .  J Physiol 

Anthropol.   2009 ;  28 ( 4 ): 155  –  164 .  

   28.       Kelly   TL   . Circadian rhythms: importance for models of cognitive 

performance. San Diego (CA): Naval Health Research Center;  1996 . 

Report No: 96-1.  

   29.       Knapik   J,     Staab   J,     Bahrke   M,     Reynolds   K,     Vogel   J   .  Soldier performance 

and mood states following a strenuous road march .  Mil Med.   1991 ; 

 156 ( 4 ): 197  –  200 .  

   30.       Krueger   GP   .  Contemporary and future battlefi elds: soldier stresses and 

performance . In:    Hancock   PA,     Szalma   JL   , editors.  Performance under 

stress.   Aldershot (UK) :  Ashgate Publishing ;  2008 : 19  –  44 .  

   31.       Krueger   GP   .  Sustained work, fatigue, sleep loss and performance: A 

review of the issues .  Work Stress.   1989 ;  3 ( 2 ): 129  –  141 .  

   32.       Lazarus   RS,     Folkman   S   .  Stress, appraisal, and coping.   New York (NY) : 

 Springer Publishing Company ;  1984 .  

   33.       Lieberman   HR   .  Nutrition, brain function and cognitive performance . 

 Appetite.   2003 ;  40 : 245  –  254 .  

   34.       Lieberman   HR,     Bathalon   GP,     Falco   CM,     Kramer   FM,     Morgan   3 rd    CA, 

    Niro   P   .  Severe decrements in cognition function and mood induced 

by sleep loss, heat, dehydration, and undernutrition during simulated 

combat .  Biol Psychiatry.   2005 ;  57 ( 4 ): 422  –  429 .  

   35.       Lieberman   HR,     Bathalon   GP,     Falco   CM,     Morgan   3 rd    CA,     Niro   PJ,     Th arion 

  WJ   .  Th e fog of war: decrements in cognitive performance and mood 

associated with combat-like stress .  Aviat Space Environ Med.   2005 ; 

 76 ( 7, Suppl. ): C7  –  C14 .  

   36.       Lieberman   HR,     Niro   P,     Th arion   WJ,     Nindl   BC,     Castellani   JW,     Montain 

  SJ   .  Cognition during sustained operations: comparison of a laboratory 

simulation to field studies .  Aviat Space Environ Med.   2006 ;  77 ( 9 ):

 929  –  935 .  

   37.       Mackworth   NH   .  Th e breakdown of vigilance during prolonged visual 

search .  Q J Exp Psychol.   1948 ;  1 ( 1 ): 6  –  21 .  

   38.       Mahoney   CR,     Hirsch   E,     Hasselquist   L,     Lesher   LL,     Lieberman   HR   .  Th e 

eff ects of movement and physical exertion on soldier vigilance .  Aviat 

Space Environ Med.   2007 ;  78 ( 5 ): B51  –  B57 .  

   39.       Marrao   C,     Tikuisis   P,     Keefe   AA,     Gil   V,     Giesbrecht   GG   .  Physical and 

cognitive performance during long-term cold weather operations .  Aviat 

Space Environ Med.   2005 ;  76 ( 8 ): 744  –  752 .  

   40.       McCann   C,     Pointing   T   . Th e eff ect of alerting drugs on planning 

performance during sustained operations. Proceedings of the 37 th  Annual 

Conference of the International Military Testing Association; Oct. 16–

19, 1995; Toronto, Ontario, Canada. Toronto (Canada): International 

Military Testing Association;  1995 : 91  –  96 . Report No: DCIEM-95-P-42.  

   41.       Montain   SJ,     Young   AJ   .  Diet and physical performance .  Appetite.   2003 ; 

 40 : 255  –  267 .  

   42.       Opstad   K   .  Circadian rhythm of hormones is extinguished during 

prolonged physical stress, sleep and energy defi ciency in young men .  Eur 

J Endocrinol.   1994 ;  131 ( 1 ): 56  –  66 .  

   43.       Owen   AM,     McMillan   KM,     Laird   AR,     Bullmore   E   .  N-back working 

memory paradigm: a meta-analysis of normative functional neuroimaging 

studies .  Hum Brain Mapp.   2005 ;  25 ( 1 ): 46  –  59 .  

   44.       Pattyn   N   . Psychophysiological measures of cognitive performance in 

operational conditions: applications to aviation and space environments. 

[Dissertation.] Brussels: Vrije Universiteit Brussels;  2007 .  

   45.       Peterson   SJ,     Walumbwa   FO,     Avolio   BJ,     Hannah   ST   .  Th e relationship 

between authentic leadership and follower job performance: the 

mediating role of follower positivity in extreme contexts .  Leadersh Q. 

  2012 ;  23 : 502  –  516 . Retracted: Leadersh Q. 2014; 25(6):1183 – 1184.  

   46.       Pilcher   JJ,     Band   D,     Odle-Dusseau   HN,     Muth   ER   .  Human performance 

under sustained operations and acute sleep deprivation conditions: 

towards a model of controlled attention .  Aviat Space Environ Med.   2007 ; 

 78 ( 5, Suppl. ): B15  –  B24 .  

   47.       Reeves   DL,     Winter   KP,     La Cour   SJ,     Raynsford   KM,     Vogel   K   . Th e UTC-

PAB/AGARD stress battery: user ’ s manual and system documentation. 

Pensacola (FL): Naval Aerospace Medical Research Laboratory;  1991 . 

Report No: 91-3.  

   48.       Rognum   TO,     Vartdal   F,     Rodahl   K,     Opstad   PK,     Knudsen-Baas   O,    et al.   

 Physical and mental performance of soldiers on high- and low-energy 

diets during prolonged heavy exercise combined with sleep deprivation . 

 Ergonomics.   1986 ;  29 ( 7 ): 859  –  867 .  

   49.       Shurtleff    D,     Th omas   JR,     Schrot   J,     Kowalski   K,     Harford   R   .  Tyrosine 

reverses a cold-induced working memory defi cit in humans .  Pharmacol 

Biochem Behav.   1994 ;  47 ( 4 ): 935  –  941 .  

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 87, No. 8 August 2016  727

MILITARY OPS & COGNITION — Vrijkotte  et al. 

   50.       Sternberg   S   .  Memory-scanning: mental processes revealed by reaction 

time experiments .  Am Sci.   1969 ;  57 ( 4 ): 421  –  457 .  

   51.       Th omas   ML,     Russo   MB   .  Neurocognitive monitors: toward the prevention 

of cognitive performance decrements and catastrophic failures in the 

operational environment .  Aviat Space Environ Med.   2007 ;  78 ( 5, Suppl. ): 

B144  –  B152 .  

   52.       Tomporowski   PD   .  Eff ects of acute bouts of exercise on cognition .  Acta 

Psychol (Amst).   2003 ;  112 ( 3 ): 297  –  324 .  

   53.       Tomporowski   PD,     Ellis   NR,     Stephens   R   .  Th e immediate eff ects of 

strenuous exercise in free-recall memory .  Ergonomics.   1987 ;  30 ( 1 ): 121  –

  129 .  

   54.       Valk   PJ,     Simons   RM,     Struyvenberg   PA,     Kruit   H,     Van Berge Henegouwen 

  MT   .  Effects of a single dose of loratadine on flying ability under 

conditions of simulated cabin pressure .  Am J Rhinol.   1997 ;  11 ( 1 ):

 27  –  33 .  

   55.       Van Dongen   HP,     Caldwell   JA,     Caldwell   JL   .  Investigating systematic 

individual diff erences in sleep-deprived performance on a high-fi delity 

fl ight simulator .  Behav Res Methods.   2006 ;  38 ( 2 ): 333  –  343 .  

   56.       Van Dongen   HPA,     Dinges   SF   .  Sleep, circadian rhythms, and psychomotor 

vigilance .  Clin Sports Med.   2005 ;  24 ( 2 ): 237  –  249 .  

   57.       Vrijkotte   S,     Valk   PJL,     Raymann   REM,     Simons   M,     Veenstra   BJ   .  Measuring 

physicalstrain and cognitive performance in the fi eld during an Air 

Mobile Brigade training course.  Soesterberg (Netherlands): TNO Defence, 

Security and Safety, Department of Human Performance;  2010 . Report 

No: TNO-DV 2010 A249.  

   58.       Wechsler   D   .  Adult intelligence scale. Complete material and manual.   New 

York (NY) :  Psychological Corp ;  1955 .  

   59.       Wheeler   D   .  Warfi ghter endurance management during continuous fl ight 

and ground operations.   Brooks Air Force Base (TX) :  U.S. Air Force 

School of Aerospace Medicine ;  2002 .      

OR

OR

OR

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access


