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Abstract
Background: Load carriage is a common task in military contexts. This study analysed the in�uence of carrying different equipment during an
obstacle course on perception and attention performance in soldiers belonging to the Spanish infantry.

Methods: Forty-six soldiers were evaluated before and after having completed a 1-km obstacle course carrying the combat equipment and carrying
no additional load (control). The determination test was used to measure the stress tolerance and reaction abilities, while the divided attention test
measured the alertness, vigilance and divided attention.

Results: A signi�cant decrease was observed in the reaction time after the course compared to the pre-course in the control and combat conditions.
In contrast, the correct and incorrect responses and number of reactions increased from the pre to post-obstacle test in the control and combat
conditions.

Conclusion: Soldiers improved their arousal after having completed a moderate intensity obstacle test, answering more quickly than on a pre-
obstacle test.

Introduction
The challenging nature of military duties requires personnel to operate at a high level in situations that require physical and cognitive challenges.
Related to the cognitive performance, to be successful in missions or military duties, combatants need to maintain surveillance and selective
attention during the task to achieve the set objective (Idiazábal Alecha et al., 2018). The strain-induced decrements in cognitive performance could
produce fatal negative consequences in military contexts (Eddy et al., 2015) where the lives of soldiers are sometimes committed.

The effect of physical exercise on cognitive performance in military personnel has been analysed under combat simulations (Delgado-Moreno
et al., 2019) and combined with sleep restriction or food deprivation (Lieberman et al., 2006). The results indicated that the simulation of combat
situations produced an increase of somatic anxiety and had a negative effect on the working memory; the elements related to sight were the most
remembered in soldiers after the mission (Delgado-Moreno et al., 2019).

In studies carried out with non-military personnel, the results indicated that physical activity seems to have a positive in�uence on attentional
performance, decreasing the reaction time after practicing moderate physical activity (Rogerson & Barton, 2015) and during 20 minutes of cycling
at different intensities (Davranche et al., 2015). The study by Davranche et al., (2015) concluded that cognitive control seems to be a robust
cognitive function not affected by exercise constraints. The positive answer after physical activity could be explained by arousal theories, wherein
physical exercise is accompanied by an increase in arousal working as an inverted-U (Kahneman, 1973; Yerkes & Dodson, 1908). Thus, as
physiological arousal increases, performance increases towards an optimal performance point at moderate levels of arousal, although if that
arousal continues to increase, a detriment to performance will appear (Yerkes & Dodson, 1908).

In addition to physical exercise, among the physical tasks that soldiers complete daily are activities in which they have to carry an extra load,
including carrying protective ensembles (e.g., body armour, helmet) or combat speci�c equipment (e.g., weapon, ammunition, power sources, radio)
(Carlton & Orr, 2014; Johnson et al., 1995). The effect of load carriage on attention performance has been analysed in a previous study where
soldiers walked 2 hours on a treadmill carrying 40 kg while completing two cognitive tasks (auditory go/no go task and a visual target detection
task) (Eddy et al., 2015). This study concluded that cognitive performance, especially executive control and response inhibition, was negatively
affected by load carriage during prolonged exercise. In spite of the determinant role that load carriage seems to have in attention performance, no
additional studies have been carried out.

In the military �eld, obstacle courses have been widely used in previous studies as a basis for a representation of the battle�eld because of their
basic and main military instructions (Dias et al., 2005). However, the combined effect of load and fatigue on soldiers’ arousal after the completion
of an obstacle course is still unknown. Therefore, our study analysed the in�uence of an obstacle course, together with the in�uence of carrying
combat equipment, on perception and attention performance combined with the analysis of heart rate and performance in soldiers belonging to the
Spanish infantry.

Methods
Participants

Forty-six male soldiers participated in this study. The average (standard deviation) age was 26.1 (4.5) years, height was 1.75 (0.62) m and weight
was 80 (10.6) kg. All participants were volunteers and belonged to the Spanish infantry. They completed an informed consent form before their
inclusion in the study. They did not have recent orthopaedic trauma, neurologic problems, or had any restrictions in relation to walking or load
carriage. The Ethics Committee of the University of Granada approved this study.

Protocol
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Each soldier was heighted and weighted with a scale and measuring rod (SECA769, Hamburg, Germany). From this point on, in each of the 2
experimental sessions, the participants completed the following three phases in a continuous way. The �rst phase was the application of two
cognitive tests for attention analysis. The second phase was to complete, as fast as possible, an obstacle course that they used for training their
combat skills in the military headquarters. The third and last phase was, again, the application of the cognitive test that was performed in the �rst
phase.

In the control condition, soldiers completed the obstacle course wearing military socks and boots, a camou�age uniform, and light body armour. In
the combat condition, soldiers had to wear the same equipment as the control condition, as well as a helmet, body armour with ammunition clip,
battle ri�e (HK-42) with 5 empty chargers, combat gloves, and joint protectors. They also carried a battle backpack containing spare clothes, a rigid
1-litre bottle of water, an American blanket, individual medical kit, and various survival accessories. The approximate weight of the equipment in
the combat condition was 19 kg. Each experimental session was completed on different test days, and at least 48 hours of rest were allowed
between conditions. Each soldier carried out each condition following a randomized order.

During the obstacle course, a Tomtom Runner 3 (TomTom international, Amsterdam, Holland) was used to measure the obstacle course
competition time in minutes. A Zephyr BioHarness system at 100 Hz (Zephyr Technology, Auckland, New Zealand) was placed in the thorax of
each participant to obtain the mean heart rate (HR) during the obstacle course with the software OmniSense 5.1 (Zephyr Tech. Corp., MD, USA). 

Cognitive tests: the Determination Test (DT) and the Divided Attention Test (WAFG)

The DT is a complex, multi-stimuli reaction test involving the presentation of both coloured stimuli and acoustic signals. The respondent reacts by
pressing the appropriate buttons on the response panel that assessed the divided attention (Gurd et al., 2010). The DT is used to measure reactive
stress tolerance and the associated ability to react (Schuhfried, 2017). Stress tolerance refers to the individual’s ability to resist the effect of the
stimuli; that is, their ability to use modes of behaviour that enable them to cope as effectively as possible with the situation (Brickenkamp et al.,
1986). The stress element of the DT arises from the need to sustain continuous, rapid and varying responses to rapidly changing stimuli
(Schuhfried, 2017).  

The DT form chosen was the “Rostock Form” that included colours and tones. The respondent’s task was to react as quickly as possible to visual
or acoustic stimuli. There were 5 visual stimulus colours (white, yellow, red, green and blue), which appeared in an upper and a lower row. The
reaction buttons assigned to these �ve colours were arranged on the response panel in such a way that the respondent could use both hands.
There were 2 additional acoustic stimuli (high and low tone) assigned to the “sound” buttons in the middle of the panel. The visual stimuli were
presented on the screen and the acoustic stimuli via headphones. Each stimulus appeared when a correct response was made to the current one,
so the speed of the stimulus presentation was determined by the respondent. The administration time was approximately 8 minutes.

In addition, after the DT, the divided attention of the perception functions were measured using the WAFG test. This test is based on the paradigm
of Zomeren and Brouwer (1994), where according to this model, the central factors of attention include the distinguishing of intensity and
selectivity aspects. The intensity aspect of attention integrated alertness and vigilance, while the selectivity aspect included the focused-selective
and divided attention.

In the short form of the WAFG Test, the respondent received stimulus on a visual and auditory channel presented in a cross-modal way. They had
to respond if the signal on the visual stimulus channel became brighter twice in succession or if that on the auditory stimulus channel became
quieter twice in succession. For that, 85 stimuli (visual and auditory) were presented. The easy short form of the WAFG test was chosen, which
takes approximately 8 minutes. The stimuli were presented for 1500 ms, while a change took place after 500 ms. There was an interstimulus
interval of 1000 ms between stimuli.

Both tests were completed in a warm, quiet and light room before and after the obstacle course. The participants were comfortably seated, and the
computer´s screen was adapted to each subject’s eye level. In the test that required sound, the volume of the headphones was chosen by each
participant. The instructions were provided at the start of the test and followed independently by the respondent on the screen. The 2 tests included
a training mode before starting, completing a familiarization trial before the data collection. The researcher was not required to provide any further
explanation. The variables analysed are presented in Table 1.

The Obstacle Course

The obstacle course was approximately 1 km from the start to the �nish and returned with an altitude slope of 50 meters. The course included the
following 6 obstacles:

1. Cargo net climb: soldiers climbed up and over a 4.5 meter vertical cargo net.

2. Balance log: soldiers had to traverse a balance log without touching the ground with their feet.

3. Low crawling: soldiers low-crawled across 15 meters underneath a barbed wire obstacle located 0.5 meters over the ground.
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4. Steel wire balance: soldiers maintained their balance crossing 7 meters of steel wire. The steel wire was placed 2 meters above the ground.
Soldiers had another steel wire at the height of their head to pass the obstacle.

5. Underground tunnel: soldiers crawled through a 10-metre-long tunnel.

�. Climbing with cord: taking advantage of a natural slope of the terrain, a rope was attached. Soldiers had to climb up the 15-metre slope using
that rope. The slope had a gradient of approximately 50º.

Soldiers completed the obstacle course under control and combat conditions as quickly as they could. Before the data collection, each soldier
completed the course once by walking to ensure that the itinerary of the course was clear.

Statistical Analysis

SPSS software v.24 (IBM SPSS, Armonk, NY) was used for the data analysis. The variables of the 2 attentional tests were analysed with a repeated
measured two-way ANOVA (equipment and fatigue). Tukey’s post hoc test was used whenever signi�cant differences were found. The
Kolmogorov–Smirnov test was used to test data normality, and Levene’s test was used to test the homogeneity of variance. Mauchly’s test was
used to assess sphericity. In addition, a dependent-samples Student’s t test was used to analyse differences between the control and combat
conditions in the obstacle course time and mean HR. The level of signi�cance was set at p<0.05.

Results
From the ANOVA results of the WAFG test variables, non-signi�cant differences were found for the effect of equipment, fatigue or their interaction
(Table 2). On the other hand, the DT test showed a signi�cant effect of fatigue for all the variables analysed (p<0.001) (Table 2). Non-signi�cant
differences were found for the equipment effect (control vs. combat) and for the interaction between equipment and fatigue (Table 2).

In the post-hoc comparisons of the DT variables, a signi�cant decrease in median reaction times after the obstacle course (lower values indicated
better results) compared to pre-obstacle course in the control and combat conditions was observed. In contrast, the correct and incorrect responses
and number of reactions increased from pre to post-obstacle course in the control and combat conditions.

With respect to the time to complete the obstacle course and the mean HR, both showed signi�cant differences between control and combat
conditions (Figure 1).

Discussion
In a military context, strain-induced decrements in cognitive performance could have fatal consequences (Eddy et al., 2015). This study evaluated
the effect of fatigue during a 1-km obstacle course and load carriage on perception and attention performance, a very common and useful task for
combat simulation in soldiers. In our study, the results indicated that the physical effort and not the increased load produced a higher arousal
response in soldiers, positively in�uencing the stress tolerance and the reaction ability, while the alertness and vigilance was not affected by the
load carriage of the exercise fatigue.

In relation to the effect of equipment carriage and fatigue, although soldiers increased their physiological response, increasing the mean HR and
needing a longer time to complete the test, the results of the WAFG test indicated that the alertness and vigilance were not compromised after an
obstacle exercise carrying the military equipment. In contrast, in the study of Eddy et al. (2015), false alarms and reaction time increased after
prolonged exercise when soldiers carried 40 kg compared to the unloaded condition. The lack of differences in stress tolerance, ability to react,
alertness and vigilance in the combat condition found in our study could be due to the differences in the physical activity duration and load. In fact,
in the study of Eddy et al. (2015), soldiers were walking for 2 hours, while in our study the activity was shorter (1 km) and the weight of the combat
equipment was lower (approximately 20 kg vs. 40 kg).

The results of the DT test indicated that after the completion of the obstacle exercise, the reaction time decreased compared to the pre-obstacle
test (lower values indicated better results), together with a higher number of reactions and correct and incorrect responses. That improvement in
reaction time is supported by Davranche et al. (2015), where the reaction time was faster after 15 minutes of cycling. With respect to the correct
and incorrect responses, in concordance with the results found in our study, the numbers of false alarms resulted also increased after 65 minutes
of walking (Eddy et al., 2015).

The faster answering capacity (decreasing the reaction time), together with the increase in reactions and incorrect reactions after fatigue, seemed
to be related to an increase of the soldiers´ arousal, decreasing the stress tolerance and increasing the reaction ability. Those results could support
the conclusions of McMorris et al. (2011), where a dissociated effect after moderate intensity exercise was found: on the one hand, the brain
seems to increase the concentrations of the neurotransmitters norepinephrine and dopamine, which would decrease the reaction time and increase
the number of responses; on the other hand, that would produce a negative effect on accuracy. In this way, Yanagisawa et al. (2010), found an
interaction between accuracy of processes and speed. Although the decrease in accuracy is not necessarily due to an increase of speed, McMorris
et al. (2008) found this relationship during intermediate intensity exercise.
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Limitations of this study are that only males were evaluated, and the obstacle course was not carried out under real combat situations where
soldiers could have highly compromised their attention or stress. Future studies could relate the physiological stress component with the variables
of the attentional tests.

Conclusions
Completing a moderate intensity obstacle test improved the soldiers´ arousal, and they were able to answer question more quickly (decreasing their
reaction times). Although their accuracy also decreased, alertness and vigilance were not in�uenced. With respect to the combat equipment
carriage, a non-negative effect on perception and attention was observed in the soldiers’ performance.

Lay Summary

Completing a moderate intensity obstacle test increased the soldiers´ arousal, decreasing their accuracy. So, for tasks where soldiers need to
maintain the attention performance, such as checking point or similar, to practice moderate intensity activity previous to that, is not recommended.
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Tables
Table 1. Variables analysed in the Determination Test (DT) and the divided attention and perception test (WAFG). *Variables obtained for visual
and acoustic stimulus. 

Test Variable Description

DT Median Reaction Time Median of time between the stimulus appears and press the button (s)

Correct Reactions The number of accurate reactions

Incorrect Reactions Each inappropriate reaction to a stimulus

Reactions The total number of correct and incorrect responses

     

WAFG
Test

Mean Reaction Time* Mean of the individual reaction times (ms)

Dispersion of Reaction
Time*

The exponent of the standard deviation of reaction times (ms)                                                           
                       

Number of missed
reactions*

Number of stimuli with no response within 1500 ms   

Number of false alarms Number of reactions not preceded by a stimulus        

         

  

Table 2. Mean (standard deviation) of the WAFG variables including in the crossmodal, visual and acoustic stimulus. Besides, the ANOVA results (F
value and p value) as equipment and fatigue effects and its interaction. RT: Reaction time. 
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      Control Condition Combat Condition ANOVA Results

      Pre-
course

Post-
course

Pre-
course

Post-
course

Equipment Fatigue Interaction

      Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

F Sig. F Sig. F Sig.

WAFG
TEST

Crossmodal  

Mean RT
(s)

479.2
(110.8)

455.2
(112.5)

472.3
(116.9)

463.3
(118.5)

0.03 0.85 2.22 0.14 1.19 0.28  

Dispersion
RT (ms)

1.4
(0.1)

1.4 (0.1) 1.4 (0.1) 1.4
(0.1)

0.03 0.86 2.29 0.14 2.75 0.11  

No.
missed
reactions

2.3
(2.4)

3.2 (3.1) 3.2 (3.5) 3.1 (3) 1.08 0.30 1.49 0.23 3.01 0.09  

No. false
alarms

3.8
(6.1)

4.4 (7.3) 4.6 (7.1) 4.4
(6.5)

0.58 0.45 0.70 0.42 1.89 0.18  

                         

Visual Mean RT
(s)

453.1
(128.3)

447.9
(123.1)

449.6
(106.8)

442
(131.5)

0.08 0.78 0.10 0.75 0.02 0.89  

Dispersion
RT (ms)

1.3
(0.1)

1.3 (0.8) 1.3 (0.1) 1.4
(0.2)

0.47 0.50 2.36 0.13 0.11 0.72  

No.
missed
reactions

0.9
(1.4)

1.1 (1.8) 1.2 (1.6) 1.1
(1.3)

0.89 0.35 0.02 0.97 0.78 0.38  

                         

Acoustic Mean RT
(s)

511.6
(108.8)

465.9
(113.4)

507.1
(154.8)

492.2
(134.5)

0.81 0.37 3.58 0.06 2.41 0.13  

Dispersion
RT (ms)

1.4
(0.2)

1.4 (0.2) 1.4 (0.2) 1.4
(0.2)

1.37 0.25 1.59 0.25 2.09 0.16  

No.
missed
reactions

1.4
(1.6)

2.1 (1.8) 1.9 (2.3) 1.9
(2.2)

0.72 0.40 2.92 0.10 3.48 0.08  

                         

DT TEST  

Median
RT (s)

0.70
(0.1)

0.64
(0.1)

0.71 (0.1) 0.64
(0.1)

0.22 0.64 336.9 <0.001 2.20 0.15  

No.
Correct
reactions

332.5
(34.5)

361.7
(36.9)

327.4
(28.3)

360.8
(32.9)

0.72 0.40 223.6 <0.001 1.50 0.23  

No.
Incorrect
reactions

6.5
(5.8)

9.3 (8.9) 6.33 (4.8) 9.67
(7.1)

0.02 0.89 22.53 <0.001 0.29 0.60  

No.
Reactions

339.1
(36.1)

370.8
(39.1)

333.8
(29.6)

370.5
(34.5)

0.52 0.47 242.1 <0.001 1.79 0.19  
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Figure 1

Mean and standard deviation (as error bars) of competition obstacle course time (seconds) and heart rate (bpm) between control (white color) and
combat condition (grey color).


