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ABSTRACT
Introduction: Military personnel must manage a multitude of competing physiological and cognitive stressors whilst maintaining high levels of performance. Quantifying the external workload and cognitive demands of tactical military field exercises closely simulating operational environments, will provide a better understanding of stressors placed on personnel to inform evidence-based interventions.

Methods: Thirty-one soldiers completing a dismounted 48-hr tactical field exercise, participated in the study. External workload was quantified using a wrist-worn tri-axial accelerometer, with cognitive function (Go-/No-Go, N-back, Psychomotor Vigilance Task [PVT]) and subjective workload ratings (NASA-TLX) assessed pre-, mid- and post-exercise. Physical activity was described using Euclidian Norm Minus One (mg), with Moderate Vigorous Physical Activity (MVPA) and Sedentary Light Physical Activity (SLPA) as ≥ or <113 mg, respectively. Changes in general cognitive performance (total accuracy-speed trade-off (ASTO) % change) and function outcome variables (overall mean reaction time, ASTO and number of correct and missed responses) were calculated for each assessment from pre-, to mid- and post-exercise.

Results: For the exercise duration (50:12 ± 02:06 hh:mm) participants spent more time completing SLPA compared to MVPA (1932±234 vs 1074±194 min; p<0.001), equating to 33% of the time spent completing MVPA. Overall cognitive performance decreased over the exercise (pre-to-post: -249). However, the largest decrement was observed pre-to-mid (-168). Perceived mental demand associated with the cognitive assessments significantly increased over the duration of the exercise (pre-: 33; mid-: 38 and post-: 51; χ2F(2) = 26.7, p = <0.001, W = 0.477) which could suggest that participants were able to attenuate a further declines in cognitive performance by investing more effort/ mental resources when completing assessments.

Conclusion: The study successfully quantified the physical activity, and subsequent impact on cognitive function, in soldiers completing a 48-hr tactical field exercise. Further research is needed to better understand how physiological stressors interact with cognitive function during military operations.


KEY MESSAGES
What is already known on this topic:
· Military personnel must manage competing physiological and cognitive stressors whilst maintaining performance. Broadly, the literature to date has shown a decline in cognitive performance associated with military tasks.
What this study adds:
· This study describes the external workload and cognitive performance of military-specific physical activity, using a scenario-based exercise designed specifically to replicate dismounted infantry operations.
How this study might affect research, practice or policy:
· This study adds to the literature base that cognitive performance decrement is associated with military operations and highlights the need for further research investigating performance optimisation and augmentation strategies.


INTRODUCTION
Military training and deployments impose a unique combination of physical and cognitive stressors on personnel; including high levels of physical fatigue, sleep restriction, and multifaceted cognitive challenges [1, 2, 3]. During exposure to these stressors, personnel must maintain high levels of physical and cognitive performance to ensure readiness and maintain operational effectiveness [4]. Failure to do so, may compromise personnel safety and mission outcome [5]. Therefore, when considering approaches to optimise soldier performance, it is of primary importance to understand how training and operational stressors influence their capacity to perform tasks.
Research examining the interaction between military-specific physical and cognitive performance has used a broad range of methodological approaches with varying degrees of external validity and experimental control [6]. Previous laboratory-based research has focused on examining the interaction between cognitive function and physical stress using a singular military task, typically load carriage [7, 8, 9]. Broadly, these investigations found cognitive functions (i.e. executive control and response inhibition) decreased as physiological exertion and external load mass increased. Field-based studies have expanded on this research by incorporating a wider range of common military tasks (e.g. casualty extraction and evacuation, and fire and manoeuvre) and utilised simulated military sustained operations and combat scenarios to induce and measure high levels of psychological and physiological stress (e.g. [10, 11, 12]). Largely, these investigations report a more extensive and rapid degradation in cognitive function (e.g. vigilance, reaction time, attention and memory and reasoning) compared to deteriorations in physical performance (e.g. heart rate increases). Furthermore, this disparity between physical and cognitive performance degradation has been reported as more pronounced during realistic operational scenarios [9]. However, a weakness in an applied, more externally valid approach is the difficulty in implementing experimental control and isolating individual stressors. Although this can be mediated through careful experimental design and manipulation of stressors (e.g. cognitive assessment selection, environmental conditions), laboratory and field-based research need to feed into each other and should be considered as complimentary in understanding holistic soldier performance [6].
To date, research has not been conducted examining external workload and the cognitive performance of military-specific physical activity, using a scenario-based exercise designed specifically to replicate dismounted infantry operations. Nor has research in this area been undertaken using UK military personnel. The aim of this study was to describe the external workload of Exercise Cambrian Patrol (Ex.CP), and the subsequent effects on indices of cognitive performance.  It was hypothesised that the likely reduced sleep opportunities, high physical activity and elevated mental demand associated with Ex.CP would result in a decrease in soldier’s cognitive performance.

METHODS
General Approach
The study followed a cohort design collecting data from 31 UK military personnel participating in Ex.CP, 2021. Ex.CP is the British Army’s premier patrolling event conducted over Sennybridge Training Area and Black Mountains, Wales, UK, with the aim to provide a challenging field exercise to enhance operational capability. Ex.CP tests the full range of conventional dismounted infantry skills, relevant to current operational deployments. Participants work in a team (herein termed ‘section’) of eight soldiers over a ~48-hour period, completing various scored physically and cognitively demanding dismounted military tasks set within a tactical mission scenario.
Participants
Thirty-one British Army male soldiers (mean ± SD: age 24.7 ± 4.3 y; stature 174.4 ± 9.0 cm; body mass 76.5 ± 9.1 kg), volunteered to participate in the study, all of which met Ex.CP’s participation requirements. After a brief describing the study requirements and methodologies, participants provided written informed consent. The study protocol was approved by the UK Ministry of Defence Research Ethics Committee (2024/MODREC/21). 
Measures
Data collection took place at four time points; (i) at participants’ home units 6-16 days prior to the start of Ex.CP (familiarisation), (ii) ~20 minutes (mins) prior to the start (pre-exercise), (iii) approximately halfway through (mid-exercise) and (iv) immediately after completion (post-exercise) of Ex.CP. For the familiarisation measures, participants were requested to be well rested on the day leading up to this data collection time point. Table 1 provides the timeline and an overview of measures taken during Ex.CP. Detailed cognitive assessment protocols are outlined subsequently.
Table 1 Timeline and overview of measures collected over Ex.CP
	Timepoint
	Measure
	Overview

	Familiarisation
	Participant information
	Basic demographic information questionnaire on a tablet device via Microsoft Power Apps (Microsoft, USA).

	
	Anthropometrics
	Stature and body mass were recorded to the nearest 0.01 m and 0.01 kg, respectively, with participants wearing issue Multi Terrain Pattern shirt and trousers, and boots removed.

	
	Cognitive assessments and NASA-TLX
	Cued Go-/No-Go, N-back, and Psychomotor Vigilance Task (PVT) and the NASA-TLX workload questionnaire [13] (completed seated on a laptop using Inquisit 6 Lab software (Version 6.5.2, Millisecond, USA).

	
	Sleepiness and Fatigue questionnaires
	Karolinska Sleepiness Scale [KSS] [14] and Samn-Perelli Fatigue Scale [SPS] [15], on a tablet device via Microsoft Power Apps (Microsoft, USA).

	Pre-exercise
	Equipment weighing
	Total external load mass (Bergan [including specialist issued patrol equipment e.g. stretcher, radio, etc.], webbing and weapon) recorded to the nearest 0.1 kg.

	
	Cognitive assessments and NASA-TLX
	As per familiarisation, completed in a space isolated from the field exercise at 0 hr. Assessment window for all sections was between 08:00-09:00 hrs.

	
	Sleepiness and Fatigue questionnaires
	As per familiarisation.

	
	Fitting wearables
	Participants donned two research grade accelerometers: a research grade tri-axial accelerometer (GENEActiv Original, Activinsights, UK) on their non-dominant wrist sampling at 50 Hz and an Axiamo PADIS (Axiamo GmbH, Switzerland) mounted on their hip to measure step count at 1-minute epochs.

	Mid-exercise
	Cognitive assessments and NASA-TLX
	As per familiarisation, but completed in designated tentage for research use, on a table, with chair isolated from the field exercise) at ~24 hr. Assessment window for all sections was between 06:00-12:00 hrs.


	
	Sleepiness and Fatigue questionnaires
	As per familiarisation.

	Post-exercise
	Cognitive assessments and NASA-TLX 
	As per familiarisation, in a space isolated from the field exercise at ~48hr. Assessment window for all sections was between 07:30-12:00 hrs.

	
	Sleepiness and Fatigue questionnaires
	As per familiarisation.

	
	Sleep duration and quality questionnaire
	Participants were asked to recall their sleep duration and quality over the past 48-hr.



Cued Go-/No-Go
The Cued Go/No-Go assessment [16] presented participants with a sequence of blue and green rectangles, in a horizontal and vertical orientation, in the middle of the laptop screen. Participants were instructed to respond, as quickly as possible, to a target stimulus (green rectangle in either orientation) using a space bar press. No response was required for a blue rectangle. A total of 100 trials were presented, at 750 millisecond (ms) intervals, where the ratio of vertical cue targets to non‐targets was 80:20, and 20:80 for horizontal cue targets. Mean response time, total correct responses and ASTOGNG ([mean response time ÷ total correct responses] +1) were recorded. 
N-back
The visual N-back working memory assessment [17] required participants to watch a series of capital letters (sized 20% of the screen in Arial font) appear on a screen and to identify whether the letter presented matched the letter they saw ‘‘2-back’’. Stimuli were presented in a random order in four blocks of 25, including 35 target stimuli and 65 non-target stimuli in total. Each letter was presented for 500 ms, followed by a 1000 ms blank screen. Participants were instructed to respond using the keyboard key “A” when the current letter matched the target letter. Mean response time, total correct responses and ASTONB ([mean response time ÷ total correct responses] +1) were recorded. 
PVT
A brief version (3 minutes) of the PVT [18] was used where participants monitored a red rectangular box and were required to respond as quickly as possible following the presentation of a yellow stimulus on screen by pressing the space bar. The inter-stimulus intervals varied randomly from 1-4 seconds. Mean response time, the number of lapses of attention (failure to respond in <355 ms), the number of responses made before stimulus presentation, and ASTOPVT (mean reaction time x [missed response + false response +1]) were recorded.
Data Analysis
Two participants withdrew from Ex.CP due to injury prior to reaching mid-exercise, therefore data from the remaining 29 were used for the data analysis. 
GENEActiv raw acceleration data were extracted as .bin files using the manufacturer’s proprietary software (GENEActiv PC software, version 3.3, Activinsights Limited, UK), and analysed using R (version 4.1.1) with the GGIR package (version 2.3-0) [19]. Physical activity was described using Euclidian Norm Minus One (mg), with Moderate Vigorous Physical Activity (MVPA) and Sedentary Light Physical Activity (SLPA) defined as ≥ or <113 mg, respectively. It is worth noting that a calculated ratio of 1 would mean an equal amount of MVPA and SLPA, <1 would be greater SLPA than MVPA and vice versa for a ratio of >1. SLPA is also inclusive of estimated sleep time, calculated using the Heuristic algorithm looking at Distribution of Change in Z Angles. This algorithm calculates sleep time from the vertical acceleration axis (Gz) angle of 5o and periods of sustained inactivity (time Gz remains at 5o) where the inactivity time thresholds (termed Sustained Inactivity Bouts (SIBs)) of 15 minutes was selected. All SIBs 15 min were summed to provide the total estimated sleep duration over Ex.CP. Accelerometer data from the Axiamo PADIS was also used to calculate estimated distance (km) covered during Ex.CP from participants’ step count.
Cognitive performance data were extracted in .csv format for analysis. To avoid drawing inferences from a single cognitive construct, a general cognition score was calculated by summing together ASTO% change from pre-to-mid, and pre-to-post exercise. This holistic approach to describing cognition was chosen to alleviate the challenges of drawing inferences from single assessment items to determine cognitive constructs [20, 21] and to provide military end-users with a singular, simple yet meaningful, measure of cognitive performance. Where participant’s data were missing, their remaining data for the cognitive specific assessment were removed across time points and calculations omitted for ASTO and general cognition scores. Perceived mental demand for each assessment, derived from the NASA-TLX questionnaire, was by summing together each of the assessment scores (3 x 0-100-point scales) to create a total score for each time point.
Statistical Analysis
Data are reported as mean ± standard deviation unless otherwise stated. Subjective ratings are presented as median (interquartile range [IQR]). Outliers were defined by an error rate >30% (2.5 standard deviations away from the mean for the assessment type) and therefore removed from cognitive assessments. Statistical analysis was conducted using JASP (version 0.11.1, University Amsterdam, Netherlands). Descriptive statistics were used to assess assumptions of the data; normality was confirmed using Shapiro-Wilk. It was expected that there would be a decline in cognitive performance during the exercise. Therefore, using a non-parametric approach, a Friedman’s test (χ2F) was employed to identify whether a main effect of time was present for cognitive measures; effect sizes were presented using Kendall’s W (W). Conover’s post hoc test (T) was used to compare assessment time points (pre. Vs. mid. Vs. post). As Ex.CP has minimal enforced rest, and is time-critical, it was of interest to see whether the proportion of SLPA and MVPA differed. Paired sample t-tests with Cohen’s D effect sizes (d) was used to compare the difference between MVPA and SLPA activity. 

RESULTS
Exercise Overview
Participants covered an estimated distance of 85.09 ±11.9 km, in a total time of 50:12 ± 02:06 hh:mm; whilst carrying a total external load mass of 43.6 ± 3.4 kg. (57.4 ± 8.5 % of individual body mass). 
Physical Activity
[bookmark: _Hlk149748394]Over the total duration of Ex.CP participants spent more time undertaking SLPA (vs. MVPA) (1932 ± 234 vs. 1074 ± 194 mins; p < 0.001, d = 0.677), resulting in a MVPA:SLPA ratio of 0.58 ± 0.18 (Figure 1). Participants spent 33% of time completing MVPA across Ex.CP. More time was spent undertaking SLPA during the second half of Ex.CP compared to the first, resulting in a decrease in the ratio (pre-to-mid: 0.68 ± 0.29; mid-to-post: 0.51± 0.15).  [image: C:\Users\MOD079\Downloads\53140624_File000000_1302580419.jpg]
Figure 1. Total MVPA and SLPA minutes from pre-to-mid, mid-to-post, and pre-to-post exercise.
Data are presented for individuals, with mean ± SD indicated with black line. Where: MVPA, Moderate Vigorous Physical Activity; SLPA, Sedentary Light Physical Activity; ENMO, Euclidean Norm Minus One. 
Sleep and Fatigue
[bookmark: _Hlk149751614][bookmark: _Hlk149751724][bookmark: _Hlk149751778][bookmark: _Hlk147832902]Participants subjectively reported minimal sleep (00:53 ± 00:47 hh:mm) and ‘very low’ sleep quality during Ex.CP. Total SIBs calculated by the GENEActiv accelerometer were 01:37± 00:41 hh:mm. Self-reported median levels of fatigue increased throughout Ex.CP., from “2- Very lively, responsive, but not at peak” [IQR: 1-4] to “5- Moderately tired, let down” [IQR: 3-6] and “6- Extremely tired, very difficult to concentrate” [IQR: 5-6] at pre-, mid- and post-exercise, respectively. Median ratings of sleepiness increased similarly across Ex.CP, from 3 “Alert” [IQR:3-5], to 6 “Some signs of sleepiness” [IQR: 5-8] and 8 “Sleepy, some effort to keep alert” [IQR: 7-8].

Cognitive Performance


External Workload and Cognitive Performance of a Scenario-Based Exercise
[bookmark: _Hlk149758947]Cognitive performance decreased throughout Ex.CP, with a main effect for time evident for each assessment across all parameters (Table 2). Post hoc comparisons provided evidence that cognitive performance declined from pre-to-mid and pre-to-post exercise but not mid-to-post. This overall decline in performance was summarised by general cognition scores of -168 at pre-to-mid, and -249 at pre-to-post, respectively (Figure 2). The composition of these scores identified that Cued-Go-No-Go results remained relatively stable and contributed the least to the decrement in performance over time (mid: -8, post: -12). The PVT and N-back results showed greater variability, and as such the decrease in performance observed across Ex.CP was larger. The PVT accounted for the largest proportion of performance decrement, but scores remained relatively constant from mid-to-post (mid -:116, post-: -120). The N-back assessment showed the largest decrease in performance across the exercise (mid-: -44, post-: -117), likely due to the perceived complexity of the task, compared to the other simpler assessments.
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Table 2 Cognitive performance scores for assessments and variables across time points 
	Assessment
	Variable
	N
	Pre-
	Mid-
	Post-
	Main effect
	Post-hoc comparison

	N-Back
	Mean response time (ms)
	21
	610 (537-696)
	576 (537-671)
	704 (622- 862)
	χ2F (2) = 6.083, p = 0.048,
W = 0.127
	Pre-Mid: T(46) = 1.443, p = 0.156
Pre-Post:  T(46) = 1.01, p = 0.318
Mid- Post: T(46) = 2.454, p = 0.018

	
	Correct responses (%)
	21
	19 (18-20)
	14 (10-18)
	15 (13-19)
	χ2F (2) = 7.525, p = 0.023,
W = 0.179
	Pre-Mid: T(40) = 2.691, p = 0.01
Pre-Post: T(40) = 1.821, p = 0.076
Mid- Post: T(40)  = 0.871, p = 0.389

	
	Accuracy Speed Trade-Off [ASTONB](Au)
	21
	38.31 (33.87-41.46)
	58.72 (38.05- 75.77)
	53.66 (43.06-78.06)
	χ2F (2) = 14.193, p = < 0.001,
W = 0.338
	Pre-Mid: T(40) = 3.338, p = 0.002
Pre-Post: T(40) = 3.183, p = 0.003
Mid- Post: T(40) = 0.155, p = 0.877

	Cued Go-No-Go
	Mean response time (ms)
	28
	290 (278- 301)
	311 (292-325)
	307 (289-318)
	χ2F (2) = 18.018, p = < 0.001,
W = 0.322

	Pre-Mid: T(54) = 4.114, p = < 0.001
Pre-Post: T(54) = 2.967, p = 0.004
Mid- Post: T(54) = 1.147, p = 0.257

	
	False responses
	28
	2 (0-3)
	3 (1-8)
	5 (2-8)
	χ2F (2) = 6.712, p = 0.035,
W = 0.12
	Pre-Mid: T(54) = 1.597, p = 0.116
Pre-Post: T(54) = 2.569, p = 0.013
Mid- Post: T(54) = 0.972, p = 0.335

	
	Accuracy Speed Trade-Off [ASTOGNG] (Au)
	28
	3.98 (3.87-4.09)
	4.19 (4.00-4.40)
	3.97 (4.19-4.50)
	χ2F (2) = 19.019, p = 0.003,
W = 0.352
	Pre-Mid: T(52) = 4.122, p = < 0.001
Pre-Post: T(52) = 3.298, p = < 0.001
Mid- Post: T(52) = 0.824, p = 0.634

	PVT
	Mean response time (ms)
	22
	308 (291-325)
	364 (337-409)
	388 (357-431)
	χ2F (2) = 15.909, p = < 0.001,
W = 0.362
	Pre-Mid: T(42) = 3.015, p = 0.004
Pre-Post:	 T(42) = 3.769, p = < 0.001
Mid- Post:  T(42) = 0.754, p = 0.455

	
	Missed responses
	22
	1 (0-1)
	2 (1-5)
	4 (2-6)
	χ2F (2) = 19.848, p = < 0.001,
W = 0.451
	Pre-Mid:  T(42) = 3.51, p = 0.001
Pre-Post:  T(42) = 4.148, p = < 0.001
Mid- Post:  T(42) = 0.638, p = 0.527

	
	Accuracy Speed Trade-Off [ASTOPVT] (Au)
	22
	866.16 (555.49-1442.91)
	1632 (1013.67-2457.46)
	2595.68 (1589.59-3967.43)
	χ2F (2) = 10.091, p = 0.006,
W = 0.229
	Pre-Mid:  T(42) = 1.809, p = 0.078
Pre-Post:  T(42) = 3.166, p = 0.003
Mid- Post: T(42)  = 1.357, p = 0.182


Data are reported as Median (IQR). Where: Au, arbitrary units. Note participant numbers for each assessment differ.

[image: C:\Users\MOD079\Downloads\53140624_File000001_1302643057.jpg]
Figure 2. (A) General cognition scores and (B) mental demand scores at pre-, mid- and post- exercise. 
Where: PVT, Psychomotor Vigilance Task; Au, Arbitrary units. 

NASA- TLX
[bookmark: _Int_8XNJH9BR][bookmark: _Hlk149760523]Participants’ perceived mental demand associated with the cognitive assessments significantly increased over Ex.CP (pre-: 33; mid-: 38 and post-: 51; χ2F(2) = 26.7, p = <0.001, W = 0.477). However, unlike cognitive performance, there was an increase in mid-to-post mental demand scores (pre-mid: T(54) = 2.484, p = 0.016; pre-post: T(54) = 5.169, p = < 0.001; mid-post: T(54) = 2.685, p = 0.01) compared to pre-to-mid, suggesting participants had to invest more effort in completing the mid-to-post assessments, in order to prevent a further significant decline in cognitive performance. 


DISCUSSION
The present study is the first to concurrently examine both physical and cognitive stressors in a scenario-based exercise constructed around a tactical mission profile through the quantification of external workload and cognitive performance. The main findings were that over the ~48 hr duration participants spent a higher proportion of time undertaking SLPA compared to MVPA. However, unlike most military or civilian free-living work environments the SLPA contained minimal sleep and MVPA still made up a relatively large proportion of total time (33%), demonstrating the demanding nature of the exercise. A decrease in general cognitive performance was also observed, although performance did not decline further after mid-exercise. This was possibly due to participants allocating increased effort and mental resources to successfully complete assessments. By examining both external workload and cognitive performance during a simulated operational environment, we have attempted to build upon previous laboratory and field-based research in this area (e.g. [7, 8, 22]).
Physical activity measured throughout Ex.CP resulted in participants spending ~67% of the time completing SLPA. This finding is consistent with previous data reported during operational military duties which have been characterised by prolonged, low intensity physical activity with short, intermittent bouts of higher intensity activities [3]. We also observed a decrease in the proportion of time participants spent completing MVPA vs. SLPA, resulting in a lower MVPA:SLPA ratio during the second half of Ex.CP. The decrease in physical activity observed was likely influenced by cumulative fatigue due to load carriage [23] and Ex.CP’s two-phase scenario design. For Phase 1 participants moved continuously over mountainous terrain carrying 44kg. Phase 2 (commencing after mid-exercise assessments) began with a short vehicle road move (enforced rest) after which it proceeded with quicker, but more intermittent, movement over flatter terrain, carrying 25kg. This design, along with the integrated military tasks (e.g. fire and movement or battlefield casualty drills), closely replicates the diverse activities undertaken on operations.
Participants’ self-reported sleep duration and SIBs calculated from accelerometer counts confirmed the minimal sleep across the 48-hr period. Variance between individuals was likely due to participants’ differing roles (e.g. some sleeping while others completed reconnaissance or planning tasks). The difference between calculated SIBs and self-reported sleep (SIBs +44 minutes) given the stop-start nature of tactical field exercises could either be the algorithm used for accelerometer data overestimating occurrence or participants failing to accurately recall their total micro sleeps (e.g. while waiting at check points). While both methods have their limitations, utilising them together during field data collection increases data confidence. 
The general cognition score (the sum of ASTO% change for all three assessments) over Ex.CP, decreased. This finding is in line with previous research in simulated military sustained operations and combat scenarios; which attributed changes in cognitive performance to fatigue, changes in mood, sustained physical activity and the influence of a multi-stressor environment [10, 22]. The largest decrement in general cognition was observed from pre-to-mid exercise (-168). Whilst general cognition continued to decline during the latter stages of Ex.CP (-249), it was to a lesser extent. Greater decrements were observed in the N-back assessment post-exercise, which ultimately drove the continued decline in general cognition. 
Sleep restriction and circadian rhythmicity both impact cognitive performance [24]. The reduction in attention and working memory due to acute sleep deprivation is well established [25]. Significant reductions in PVT performance have been observed [26] alongside reductions in performance on the N-back [27] during periods of acute sleep deprivation. The progressive decline in general cognition observed in the current study is likely due to the high-level of cumulative sleep restriction experienced by participants (1.5 hrs sleep over the 48- hour exercise). Because the cognitive tests all occurred at a similar time of day, it is likely the influence of circadian rhythm on performance would have been minimal. 
The slowed rate of degradation at the end of the exercise for PVT and Go-No-Go, despite greater levels of fatigue and mental demand, could be linked to greater motivation, sometimes referred to as the “end-spurt effect” whereby for a simpler task, participants exert more effort and motivation at the end of a task, reducing the gap to the ultimate goal (i.e. to rest/sleep) [28, 29]. This assertion has also been reported by Unsworth & Robison [30] where their cognitive-energetic model suggests intensity of attention may determine task success. For tasks such as N-back which had greater cognitive demand and involves working memory, it is possible that the effects of sleep restriction were too great for increased motivation to have beneficial effects. 
A limitation of the current study, due to participant’s availability and them being in diverse UK geographical locations, was our ability to only conduct a single ‘one-off’ familiarisation testing session prior to Ex.CP rather than extended baseline testing. Such baseline testing would provide greater confidence in the representativeness of pre-exercise measures helping to better describe performance or state changes observed across time points and facilitate a more detailed analysis of changes in cognitive performance. The researchers also had limited contact time with participants due to the requirement to integrate into an existing exercise. As such, fidelity of future research could be improved by increasing the number of assessment points and integrating them into the exercise scenario.  


CONCLUSION
The present study has described the external workload and cognitive demands of a tactical scenario-based field exercise. We have demonstrated that physical and cognitive stressors can be successfully measured concurrently using simple, and holistic measures of performance. As Ex.CP progressed, participants’ physical activity levels decreased, likely due to a combination of physical fatigue and the exercise design. Cognitive performance was reduced, likely due to sleep restriction and fatigue, with a lesser degree of decrement in general cognition from mid-to-post exercise, despite increases in mental demand and self-reported levels of sleepiness and fatigue. Collectively this investigation has demonstrated the possibility of collecting meaningful workload and cognitive measures during a military tactical scenario-based field exercise, which can be used to inform evidence-based interventions to benefit the military end-user. 
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