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ABSTRACT

Multifaceted stress factors related to infantry combat vehicle (ICV) operation may be considered as major a
source of cognitive workload, which may significantly impact the performance of infantry soldiers. The available
literature on the effect of ICV’s operational environment on soldier’s cognitive workload is scanty or mostly
unreported. The present study was designed to observe the effect of ICV operation on the 1) cognitive workload
ii) cognitive performance and iii) to study the association between cognitive workload and performance. Thirty
soldiers [mean(SD)- age: 31.86(2.9) years, weight: 74.40(7.7) kg, and height: 171.33(3.42) cm] volunteered for this
study. Their heart rate (HR), heart rate variability (HRV) and respiratory frequency (RF) were recorded at three time
points 00th-05th, 25th-30th and 55th-60th minute during the ICV operation. ‘A’ letter cancellation task (ALCT) was
conducted to assess cognitive performance, before and after ICV operation. The internal temperature and relative
humidity (RH) of ICV were assessed at same three time-points. Repeated measure ANOVA and Wilcoxon signed
ranks test were conducted to observe significant changes in HR, HRV, RF, and cognitive performance. Association
between HRV and ALCT was assessed using Pearson’s bivariate correlation. Changes were considered significant
when p-value was < 0.05. Significant increase in the HR and RF were observed along with significant decrease in
both time and frequency domain of HRV after ICV operation. Similarly, ALCT showed a significant increase in the
total and net score, and an increased error score in post-ICV operation. A strong positive correlation was observed
between the ICV operation run-trial time and the increasing compartmental temperature (r=0.99) and RH (r=0.89).
HRV components showed a negative correlation with ALCT measures. One hour of ICV operation resulted in
increased cognitive workload and a significant decrease in the cognitive task performance. Internal temperature and

RH of ICV are potential physical stress factors affecting the soldier’s workload and performance.

Keywords: Infantry combat vehicle; Heart rate; Heart rate variability; Cognitive workload; Cognitive

performance

1. INTRODUCTION
1.1 Multiple Stress Factors of ICV Operation
Infantry combat vehicle (ICV) is a tracked armoured
vehicle used in tactical command and control from within the
confines of the vehicle for mobile operations. ICV operation
accommodates infantry soldiers seated at various positions
within the confines of the vehicle therefore, exposing the
soldiers to multiple stress factors. Broadly, these factors are
identified as vehicular vibration, noise, and thermal stress. The
ICV operates over a range of hostile terrain conditions such
as desert and jungles, either in training or real time combat
situations. The confined internal environment of the ICV is
subjected to increasing temperature and relative humidity
(RH) along with restricted air circulation. Especially in a
desert condition the ambient temperature generally exceeds
50 °C causing an increase in the ICV’s compartmental
temperature and RH and also the ICV’s metal body absorbs
and transfers heat to the internal compartment rapidly.
Furthermore, poor air circulation further traps the heat within
the internal compartment. Moreover, the soldiers’ within
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the ICV dissipate heat generated due to metabolic activities,
therefore contributing to the thermal load within the confines
of the ICV!. In addition, soldiers are required to sit within the
constrained space with limited movement and postural fixity,
which increases musculoskeletal load?. The heavy structure of
the ICV maneuver over an undulated terrain causes excessive
vibration and noise, which transmits and propagates to the
soldiers who are in direct contact with the ICV. Vibration
transmitted to human body further impacts neuromuscular
transmission®. Moreover, under such circumstance, the soldiers
are expected to stay combat-ready to take correct decision
towards the successful accomplishment of the mission. Thus,
the entire scenario may impose significant cognitive workload
on the soldiers (Fig. 1).

12 Heart Rate Variability as the Predictor of

Cognitive Workload

Over the decades the empirical data has established
the fact that heart rate variability (HRV) can traditionally be
used as one of the important physiological measure to predict
cognitive workload*. In presence of stress, fear, or an emergency
situation sympathetic nervous system (SNS) activation will
bring about changes in the domains of HRV and respiratory
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frequency (RF)*°. Previous studies have showed significant
relationship between HRV and cognitive workload during the
performance of various defence related tasks either in simulated
or real time scenarios. Alaimo’, et al., found that the “take off”
maneuver imposed a higher cognitive workload in the pilots,
while there was a decrease in their RMSSD-SDNN and SD1
values during the first 120 sec of a simulated flying task when
compared to the “approach and landing” task. There are other
studies reflecting the benefit of assessing various measures of
HRYV, both time and frequency domain towards the assessment
of pilot’s cognitive workload®®. Similarly, HRV can also be
used to study the cognitive workload of operators of various
land driven combat vehicles considering the multitasking
activities they are mostly subjected to, during various combat
operations. It has been observed that the military performance
inside a stressful and complex environment of a combat vehicle
resulted in the increase of HR and RF along with an associated
decrease in HRV, which is a clear indicator of increasing
cognitive workload®'°.

1.3 Genesis of Cognitive Workload in Military

Environment

Cognitive workload is built up due to the interaction
between the operator and the task, where the demand of the
task exceeds the expected outcome or performance'. The
interaction between the stress factors with the physiological
and cognitive processing may either enhance or reduce the
performance with relevance to a situation by affecting their
sensory processing, vigilance, focus of attention on key aspects
within the environment, motor speed, and rapid decision-
making processes that allows a soldier to accomplish their
goal'>"®. Soldiers, as military personnel, facing traditional
challenges of warfare, have a constant requirement to adopt
various strategies to make accurate decisions during combat
exercise. Thus, it can be postulated that a strategic mission
involving ICV operation can always be a significant source
of cognitive workload, under which, the balance between the
sensory processing and decision-making may get disrupted.
The process of decision-making is a complex cognitive
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Figure 1. Multiple stress factors i.e. vehicular vibration, noise,
and thermal environment during ICV operation resulted
in vagal withdrawal followed by an increased SNS
activity. Consequently, the HRV decreased indicating
that the soldiers were subjected to an increased
cognitive workload, which may cause a decline in
their performance.

phenomenon which requires the functional involvement of
various parts of the brain'4. Since, decision-making includes
variety of different cognitive processes, it cannot be assumed
as a singular process'>. Among various cognitive processes
of human reasoning and decision-making, “attention, speed
of processing, reaction time and accuracy” are of paramount
importance!'®.

1.4 Letter Cancellation Task as a Measure of

Cognitive Performance

Letter cancellation task (LCT) is a simple paper-pencil
based method that can be applied under various field situations
to assess specific brain functionalities like selective and
sustained attention; visuo-spatial scanning; activation and
inhibition of responses (involves the visual selectivity and
repeated motor response) to evaluate the influence of various
physical stress factors!’2°.

1.5 The Present study

In context to military state, various defence organisations
have documented the effect of ICV operation on the soldier’s
health and performance?®-?*. In the majority of these studies data
collected was limited to the exposure of the participants attwo
time points only i.e. before and after the ICV operation. Till
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Table 1. Descriptive statistics of the ICV compartmental temperature (°C) and relative humidity (%); and infantry soldiers’ HR,
RF and HRYV indices during the ICV operation. All values are presented in the form of mean (SEM). p < 0.05 is considered

significant.

Before run trial

During run trial

Temperature (°C) 34.24 (1.84) Time (min) 00" —05% 25t 30 55t 60t
Ambient o eV o
Parameters RH (%) 62.2 (10.66)  compartmental Temperature (°C) 35(0.85) 37.02(0.59) 39.70 (0.53)
Parameters
RH (%) 70 (3.43) 80.75(4.73)  89.5 (4.08)
Mean HR (beats/min) ~ 81.08 (1.19) 93.50 (1.82) 102.37 (1.80)
Mean RF (breaths/min) 16.26 (0.17) 24.64 (0.18) 24.58 (0.14)

Mean RR (ms)

749.94(10.56) 646.78 (11.91) 596.77 (10.61)

Time domain ~ SDNN (ms) 55.34 (4.09) 25.80 (2.04) 46.52 (4.74)
RMSSD (ms) 29.70 (3.28) 12.65 (1.48) 15.83 (2.31)
LF (msz) 823.6 (99.4) 214.4 (28.9) 483.7 (145.6)

Frequency 2

domain HF (ms~) 348.4 (72.7) 64.6 (20.6) 99.2 (33.1)
LF/HF 4.8 (0.6) 7.7 (0.9) 1.7 (1.0)

date, there is a dearth of literature on evaluating the effect of ICV
operation on cognitive workload and cognitive performance.
On the other hand, available data shows a majority of the results
interpreted on the basis of subjective evaluation is mostly
under simulated conditions. Thus, there is a need to explore
the objective data on the effect of real-time ICV operation
on cognitive workload and cognitive performance in order to
establish a practical estimation on the combat vehicular stress.

In view of the above, the present study was undertaken to
explore and assess the effect of ICV operation on the changes
observed in the i) cardiorespiratory responses i.e. respiratory
frequency (RF), heart rate (HR) and heart rate variability
(HRV), which in turn can predict cognitive workload; ii)
changes in cognitive performance at the domain of executive
functioning; and iii) study the association between cognitive
workload and performance by correlating different measures
of HRV with task performance.

2. MATERIALS AND METHODS
2.1 Study Participants

Thirty (30) healthy male Indian infantry soldiers with
a minimum of 5 years of experience and the knowledge
of operating an ICV under different conditions served as
participants. They were asked to abstain from smoking, alcohol
and caffeine intake for 24 h before the commencement of
the study. The demographic details of the participants are as
follows in the form of mean (SD); range- age: 31 (2.9);
26-33 years, weight: 74.40(7.7); 66.20 —80. 25 kg, and
height: 171.33(3.42); 163.25 cm — 180.27 cm. The participants
were asked to restrain from performing any strenuous
activity over the period of 24 h before their participation in
the study. However, they were allowed to carry on with their

basic activities that would not significantly modulate their
physiological responses.

2.2 Ethics Statement

The study protocol was approved by the Institutional
Ethics Committee for the use of humans as experimental
subjects. The experiment also conforms to the principles
outlined by the declaration of Helsinki protocol, 1985. Before
the commencement of the experiment, the participants signed
an informed consent form and were permitted to withdraw
from the study at any given point of time.

23 Equipment
2.3.1 Infantry Combat Vehicle

An existing ICV was used for the present study. All the
experiments were conducted in the afternoon time period from
13:00 to 14:00, on a rough terrain characterised by dry soil with
occasional undulations. The speed of the ICV was maintained
at 35 km/h —40 km/h. During its operation, the hatch of the ICV
was closed.

2.3.2 Ambient Parameters

The ambient temperature and RH was recorded at five
different locations of the ICV run-track within the radius of
5 km using a digital hygrometer (HTC, India). The average
ambient temperature (°C) and RH (%) were calculated
(Table 1).

2.3.3 Infantry Combat Vehicle Compartmental
Parameters
The compartmental temperature (°C) and RH (%) (Table
1) inside the ICV were recorded using a digital hygrometer at
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Sth _ 30th

three time points (i) oth _ osth min and

min, (ii) 2
(iii) 55t - 60t min of the trial.
234 Recording of Heart Rate, Respiratory Frequency
and Heart Rate Variability

The sensors (BH-3) of the physiological status monitoring
system (Zephyr bio-harness, M/s Medtronic, USA), were
accurately placed at the soldiers’ chest region via bio-harness
for continuous monitoring of their vital parameters. Followed
by this a recording software “OmniSense live™” was run
during the trial to ensure proper data acquisition from the
sensors. Subsequently, the data was downloaded for further
analysis using OmniSense Analysis™ software. For HR and
RF analysis, a Microsoft excel file containing the HR and RF
changes per sec, for one-hour trial was exported and processed.
For analysis of HRV, raw .CSV* file was exported from
OmniSense Analysis software to Kubios (version 2.0, 2008,
Finland) software. The RR interval files of each subject were
pre-processed using auto-artefacts correction feature in the
Kubios software. The RR values with a minimum length of 5
min were considered at three time points i.e. (i) initial 5 min of
the ICV operation from 0" -05" min, (ii) during ICV operation
from 25% - 30" min and (iii) just before the termination of the
ICV operation from 55% - 60" min, were taken for analysis.

23.5 ‘A’ letter Cancellation Task

A modified version of the letter cancellation task (LCT)
protocol developed by Talland®, was used to measure the
sustained and selective visuospatial attention, and cognitive
workload. The soldiers were provided with an LCT sheet having

21 arrays of letters (target letter-A and non-target letters). They
were instructed to strikeout as many target letter ‘A’ as possible
from the set of randomly interspersed alphabets in the specified
time of 5 min. A sample of ‘A’ letter cancellation (ALCT)
sheet along with a processed ALCT sheet is presented in
Fig. 2.

Each letter of the ALCT was scored as 1. The total
number of letters stricken out (letter ‘A’ and wrong letters) was
calculated to obtain the total score. The wrong letters stricken
out were counted as error score. The net score was calculated
by subtracting the error score from the total score. The total
score, net score, and error score were further processed for
statistical analysis.

24 Procedure

The study was carried out for the duration for one hour
during an afternoon period. Before the commencement of the
ICV operation (pre- ALCT), ALCT was conducted. Participants
were given three trial sessions in order to get habituated before
they performed the final ALCT. Followed by this, the soldiers
were instructed to take their respective position inside the ICV
along with their necessary safety gears as per the standard
norms of the ICV operation. Subsequently, the ICV was
operated on an already determined run-track. On completion
of one hour ICV operation trial, participants were required to
immediately take another ALCT (post- ALCT) to assess their
cognitive performance.

2.5 Statistical Analysis
Statistical analysis was carried out using SPSS statistical
software, version 21.0 (IBM, uSA). Changes were considered
significant when p value was less

' Letter Cancellation TaskiSet-1)

IIHHIING"-:I‘AI.H-'«.'.AL"Z')A'.'

LARPIANIABFSAMRITOADPAKIAUCITORASAWITEMUSAK
LMAZOSTAUVRAMFDALOAKGHAFAZXACAYABANAMASADATA

HFAJHGAIFAXIHAWAEARSATR
AAPIANIABFSAMRIEFEQADFR

FDLMAPOSTAUVRAMEDALOARGHAFHINAC
FAIHGAIFAKIHAWAEARSATAAYTRAUYAILT
APIANGTAFARHUHATUAADATASSAR
GHAHIXAGIKIYALPOIMAIHGRTYAX))
NHGALHGIAHLYUAEWQDXZVANH

FDAECMEHGLAIKAITUBD

‘A" Letter Cancellation Tasi(Set-1)

t lllGFBIAI!NII.DPMDP(liAr':':\(::,:r:,m:. LOPOTYALE \ OIKFRGFIFRGANYGAUYTRAFGH
v s
MO AFAG FAFRGAIHY GAUYTAFGHIAKINGGE HIHARGUTULDSANE | MNEH HEORECNKHGLEICATY

than 0.05 (p <0.05).

2.5.1 Respiratory Frequency,
Heart Rate and Heart Rate
Variability
The RF, HR, and HRV
i parameters of both time and
it frequency domain (FFT spectrum)
were analysed using one- way
repeated measure ANOVA to
confirm the significant changes
o o between the different time points
SR i (0™ - 05%, 25" - 30 and 55 - 60

TS B de minute) of the ICV operation.
DATASSAAHTUKAHGTAK g »
R 2.5.2 ‘A’ Letter Cancellation
g = " Task

The Shapiro-Wilk test of
normality showed that the ‘A’
letter cancellation task data was
not normally distributed. Hence,

ALCT sample

Processed ALCT sample

nonparametric Wilcoxon signed
ranks test was performed to analyse

Figure 2. ‘A’ letter cancellation task (ALCT) sample, No of rows: 21, No of letters per line:
53 & 56 (Alternate), Total ‘A’ letters: 296, Time: Lower limit: At maximum speed,

pre-post changes in the data within
the same group.

as early as possible; Upper limit - Not exceeding 5 minutes.
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Figure 4. (a) Effect of compartmental temperature (°C) on Heart rate (HR, bpm: beats per min), (b) Effect of compartmental RH

(%) on Heart rate (HR, bpm: beats per min), (c) Effect of compartmental temperature (°C) on respiratory Frequency (RF:
breaths per min), and (d) Effect of compartmental relative humidity (RH, %) on respiratory Frequency (RF: breaths per
min).

181



MALHARLI, et al.: DEF. LIFE SCI. J., VOL. 6, NO. 2, APRIL 2021, DOI : 10.14429/dlsj.6.16818

2.5.3 Correlation between ALCT and HRV Parameters

A Dbivariate Pearson’s product moment correlation
coefficient (r) was conducted to study the association between
the individual ALCT and HRV parameters of the soldiers.

3. RESULTS
3.1 Temperature and Relative Humidity

The average ambient temperature and RH were observed to
be 34.24 °C and 62.2 per cent respectively. The compartmental
temperature and RH recorded at 0% - 05, 25% - 30" and 55%
- 60" min. of the ICV operation gradually increased showing
a strong positive correlation of 1=0.99, R>=0.99 and r=0.89,
R?=0.79 respectively with time. [Table 1; Fig. 3(a) and 3(b)].

3.2 Heart Rate and Respiratory Frequency

The HR was found to increase gradually with the ICV
operation time. The increase in HR strongly correlated with
the increasing compartmental temperature (°C) (r=0.98) and
RH (%) (r=0.93). Further, the positive slope obtained in the
regression analysis demonstrated a proportionate increase in
HR along with the compartmental temperature (°C) (R2 =0.97)
and RH (%) (R? =0.87) (Fig. 4 (a) and 4 (b). RF response to
the ICV operation also showed a positive correlation with
compartmental temperature (°C) (r=0.81, R*=0.67) and RH
(%) (r=0.99, R?>=0.99) (Fig. 4 (c) and 4 (d).

The results of one-way repeated measure ANOVA showed
a statistically significant increase in both HR [F , . = 3455.15,
p=0.000] and RF [F , ; . ;= 67.41, p=0.000] during the ICV
operation. The Post-hoc bonferroni pairwise comparison for
HR revealed significant increase (p= 0.000) in all individual
pairs of time interval, however for RF significant increase
(p=0.000) was observed at 0% - 05" and 25% - 30" min. time
interval only (Table 2).

3.3 Heart Rate Variability
The results of one way repeated measure ANOVArevealed

Table 2.

measures with different time points of the ICV operation.

an overall significant change in HRV (time and frequency
domain — FFT parameters) across all the three time points
(Table 2). The time domain factors i.e. mean RR, SDNN,
and RMSSD showed a significant change of (F , ;= 194.44, p=
0.000),(F , 55, = 36.32, p= 0.000), and (F , ;= 42.03, p= 0.000)
respectively. However, for SDNN and RMSSD, pairwise
comparison showed a significant decrease from oth to 30th
minute (p=0.000) of the ICV operation (Table 2). In contrast,
from 30" to 60™ minute of the ICV operation, SDNN showed
a significant increase (p=0.000), while RMSSD showed a non-
significant increase (p=0.131).

In case of frequency domain, the FFT spectrum analysis
components of ALCT performed post-ICV operation mostly
showed a negative correlation. The strength of the correlation
ranged from low to moderate. The results are represented in
Table 4.

34 ‘A’ Letter Cancellation Task

ALCT conducted post-ICV operation results showed 7.35
per cent, 7.17 per cent and 29.23 per cent increase in the total
score, net score, and error score respectively compared to pre-
operation condition (Table 3). Table 3 representing the Wilcoxon
Signed Rank test comparing pre and post ALCT values showed
a significant increase in both total score (p=0.005) and net
score (p=0.005), post-ICV operation. Also, error score showed
a non-significant increase (p=0.62) for post-ICV operation.

3.5 Correlation between Heart Rate Variability and
different Measures of ‘A’ Letter Cancellation
Task
The bivariate pearson’s correlation coefficient analysis

between the HRV parameters and th einterfering with the

selective and sustained attention, speed of processing, and
error.

One way repeated measure ANOVA and pairwise comparison of Heart Rate Variability (HRV) (time and frequency domain)

Pairwise comparison

0" — 05" min Vs 0% — 05" min Vs 25t — 30" min Vs

df value F value P value 25% — 30" min 55" — 60" min 55% — 60" min
Time domain HR (2,58) 3455.149 0.000 0.000 0.000 0.000
RF (1.75,50.622) 67.415 0.000 0.000 0.000 1.000
Mean RR  (2,58) 194.438 0.000 0.000 0.000 0.000
SDNN (2,58) 36.320 0.000 0.000 0.490 0.000
RMSSD (2,58) 42.033 0.000 0.000 0.000 0.131
Frequency domain LF (1.738,50.405) 13.650 0.000 0.000 0.025 0.175
HF (1.285,37.257) 15.416 0.000 0.001 0.001 0.700
LF/HF (1.715,49.73) 9.819 0.001 0.002 0.000 1.000
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Table 3. Comparative mean (SEM) and percentage change in total, net
and error scores of the infantry troop before and after the ICV

operation. (** significant at p< 0.01)

Pre Post % change significance
Total scores  1022.60 (23.16)  1097.80 (14.85) 7.35%* 0.005
Net Score 1013.93 (22.90) 1086.60 (15.07)  7.17** 0.005
Error score 8.67 (1.21) 11.20 (2.11) 29.23 0.62
Table 4. Pearson’s correlation between post ALCt (total score, net score and

error score) and HrV indices at Oth - 05th, 25th - 30th and 55th -
60th minute of the ICV operation. All values presented in the form
of Pearson’s coefficient (significance). (* significant p < 0.05).

4.1 Heart Rate, Respiratory Frequency,
and Heart Rate Variability

The changes in HR and RF showed an
overall significant increase during the ICV
operation, moreover, the pairwise comparison
revealed an increase in the HR between all the
three time points whereas, for RF a significant
change was observed only at an initial 30 min
of the trial. Thus, signifying that, the infantry
soldiers were under cardiorespiratory —stress
(Table 2). These results reiterate similar observations
obtained from the previous study', which showed
a strong positive correlation between the ICV
operation run-trial time and temperature (r=0.99)
and RH (r=0.89). Besides thermal stress, the
previous study' has also demonstrated that vibration
exposure above the Eu(PA)VD standard additionally
contribute to ICV operational stress, which could
further exaggerate the cognitive workload.

The overall significant decrease in HRV i.e.
both in the time domain (mean RR, SDNN, and
RMSSD) and frequency domain (LF and HF) and its
associated increase in the RF indicated the activation
and prevalence of SNS activity over PSNS activity.

Minutes Total score Net score Error score
SDNN 00™ -05™ -0.045(0.812) -0.068 (0.722) 0.165 (0.383)
25m— 30" -0.146 (0.443) -0.193 (0.308) 0.351 (0.057)
55m — 60" -0.090 (0.635) -0.110 (0.562) 0.152 (0.424)
RMSSD 00" -05™ -0.215 (0.255) -0.249 (0.184) 0.280 (0.149)
25t 30 -0.208 (0.270) -0.257 (0.171) 0.385" (0.043%)
55M— 60" -0.252 (0.179) -0.289 (0.122) 0.259 (0.183)
LF 00™ -05™ -0.211 (0.263) -0.237 (0.208) 0.191 (0.329)
25m— 30" -0.258 (0.169) -0.290 (0.120) 0.246 (0.207)
55— 60 -0.352 (0.057) -0.380* (0.038)  0.227 (0.246)
HF 00™ -05™ -0.199 (0.292) 0.102 (0.593) 0.298 (0.124)
25t 30" -0.188 (0.320) 0.176 (0.353) 0.123 (0.534)
55M— 60" -0.279 (0.135) 0.153 (0.421) 0.234 (0.231)

The LF/HF ratio indicating the overall autonomic
tone significantly increased in the initial 30 minutes
of the ICV operation. Furthermore, the increase in
HRV time frame from 25" - 30" to 55 - 60" min. in
comparison with initial 30 min. i.e. 00" — 25" min.,
signifies a decrease in SNS and a concurrent increase
in the vagal activity. This reversal of autonomic
tone towards PSNS activity may implicate possible
progression  of  short-term  cardiorespiratory
adjustment of the soldiers to the ICV operational
stress, which ensued as per the demand of the
present study protocol. However, prolonged ICV
operation in real-time combat situation doesn’t
eliminate the potential risk of increased cognitive

4. DISCUSSION

The present study was aimed to investigate the effect
of the ICV operation on the changes in HRV and cognitive
performance of the soldiers. Changes in HR, RF and various
results (Table 2) of LF (ms?) (F(l_79~50_41): 13.65, p=0.000) and
domains of HRV reflected the cognitive workload imposed
HF (ms?) (F 1283725~ 15:47, p= 0.000) showed a significant
change across all the time points. The pairwise comparison
between the time points showed a significant workload
the task performance was found to be affected by decrease
(p=0.000) from 0" to 30" min. in both LF (ms?) and HF (ms?)
however, from 0% to 60" min. significant decrease (p=0.001)
was observed only in HF (ms?). The LF/HF ratio, decreased
significantly (F | , ., = 9.82, p=0.001) across the all the time
points. Pairwise comparison of the same showed a significant
decrease from 0" to 30™ minute (p=0.002) and 0" to 60" minute
(p=0.000) of the ICV operation with a non-significant (p >
0.05) increase from 30™ to 60" min.

workload which could compromise the successful
execution of the combat task as the effect of potential stressors
like thermal stress, vehicular vibration, noise, etc continues to
build up relative to the duration of the ICV operation. Hence
ICV operation results in broad autonomic adjustments at the
domains of RF, HR, and HRV confirming the imposed cognitive
workload on infantry soldiers-%.

42 Changes in Cognitive Performance

ICV operational stress resulted in significant cognitive
workload, which further influenced performance of the ALCT.
Results showed a significant increase in total score and net
score; and a non-significant increase in the error rate with a
percentage increase of 7.35 per cent, 7.17 per cent, and 29.18
per cent respectively when compared to pre-run trial. Although
the ALCT showed an enhanced performance in total score
and net score immediately after the ICV operation indicating
a positive influence of stress on the speed of processing the
task. It can be inferred that the modulation in the activities in
ANS resulted in altered arousal level causing an increase in
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the cognitive performance up to a certain threshold. However;
over-arousal to stress can lead to negative influence on the task
performance which was observed in the error score, which
increased by 29.18 per cent

thus reflecting the inaccuracy (selective attention) in the
task performance. These observations are in corroboration with
the finding of the previous studies??. Letter cancellation task
involves parameters like sustained attention, selective attention,
concentration, visual scanning, and activation and inhibition
of rapid responses'’ revealing the functional involvement of
different areas of the brain®. Total number of cancellations
represents the measure of motor skill and speed of processing
a task, net score represents a measure of sustained attention
and selective attention, and the error in cancellation indicates
a lack of focused attention, which is cognitive distraction and
inaccuracy in a task. As a whole, the different domains of these
task performances represents executive functioning of the
brain, which involves exclusive participation of fronto-parietal
cortex.

43 Correlation between Cognitive Workload and

Task Performance

ALCT parameters showing a negative correlation with
different HRV components reveal an association demonstrating
an inverse relationship between cognitive workload and
cognitive performance. Neurovisceral Integration Model
explains the association between the cardiac vagal tone
and cognitive functioning, the cognitive system in specific.
It suggests that brain areas that are anterior, insular, and
orbitofrontal cortices; amygdala; periaqueductal grey matter;
ventral striatum; and autonomic motor nuclei of the brainstem
are also involved in cardiac autonomic activity through
vagus nerve®. An increase in SNS activities followed by
the exposure to stressful condition resulted in the increased
speed of processing as the result of increased arousal levels.
However, continued reduction in the vagal tone and increase in
SNS activity limits the cognitive ability to respond flexibly to
stress, therefore lacking the potential to generate appropriate
responses and inhibit inappropriate responses®!. Studies
including military reports!42!23263236 haye often highlighted the
complexity of increased cognitive workload often leading to a
decline in the soldier’s performance due to their exposure to
various environmental and mechanical stressors.

5. CONCLUSION

The present study, stated that a short duration of ICV
operation increased cognitive workload of the infantry soldiers
and therefore, affected their performance. Consequently, it
can be postulated that the process of decision-making may get
affected towards successful accomplishment of the combat
mission. Observations of the present study suggest thatincreased
temperature and RH in ICV plays a vital role in increasing RF,
HR, HRYV, and cognitive workload in addition to operational
task of the soldiers. Results derived from this methodological
approach, when extrapolated to real time combat scenario,
characterised by prolonged duration and unpredictable threats
may exaggerate the cognitive workload many folds therefore,
severely compromising the decision-making processes. The
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findings of this present study can be utilised as an ergonomic
input to minimise thermal stress and load, which may reduce
cognitive workload of the soldiers during the ICV operation.

These points should be considered during the initial
stage of designing the next generation combat vehicle so as to
maintain combat readiness of soldiers.

6. LIMITATIONS

The present study was limited to a relatively short duration
run-trial involving a smaller sample size. Furthermore, an in-
depth analysis of vehicular vibration, radiant heat, and air flow
was lacking. Further studies will be undertaken to address the
effect of multifaceted stress factors on cognitive workload and
performance, more critically by involving larger sample size
and longer duration operations.

REFERENCE

1. Malhari, A.; Bhattacharyya, D.; Arya, K.; Chatterjee,
T. & Pal, M. Assessment of vibration exposure and
physiological response of crew members during infantry
combat vehicle (ICV) operation: A pilot study. BMJ Mil.
Health, 2019, 165, 152-158.
doi: 10.1136/jramc-2018-001022.

2. Bridger, R.S. Some fundamental aspects of posture related
to ergonomics. Int. J. Ind. Ergon., 1991, 8(1), 3-15.
doi: 10.1016/0169-8141(91)90021-D

3. Kiiski, J.; Heinonen, A.; Jarvinen, T.L. & Kannus, P.
Transmission of vertical whole body vibration to the
human body. J. Bone Miner: Res., 2008, 23(8), 18-25.
doi: 10.1359/jbmr.080315.

4. Delliaux, S.; Delaforge, A.; Deharo, J. & Chaumet,
G. Cognitive workload Alters Heart Rate Variability,
Lowering Non-linear Dynamics. Front Physiol., 2019,
10, 565.
doi: 10.3389/fphys.2019.00565

5. Servant, D.; Logier, R.; Mouster, y. & goudemand,
M. Heart rate variability. Applications in psychiatry.
Encephale, 2009, 35(5), 423-8.
doi: 10.1016/j.encep.2008.06.016

6. Kim, H.; Cheon, E.; Bai, D.; Lee,Y.H. & Koo, B.H. Stress
and heart rate variability: a meta-analysis and review of
the literature. Psychiatry. Investig., 2018, 15(3), 235—
245.
doi: 10.30773/pi.2017.08.17.

7. Alaimo. A.; Esposito. A.; Orlando, C. & Tesoriere, g.
A Pilot Cognitive Workload Case Study in a Full Flight
Simulator. Aerotec. Missili. Spaz., 2018, 97,27-33.
doi: 10.1007/BF03404762.

8. Wanyan, X.; Zhuang, D. & Zhang, H. Improving pilot
cognitive workload evaluation with combined measures.
Biomed. Mater. Eng., 2014, 24(6), 2283-90.
doi: 10.3233/BME-141041.

9. Roscoe, A.H. Assessing pilot workload. Why measure
heart rate, HRV and respiration? Biolo. Psychol., 1992,
34(2-3), 259-287.
doi: 10.1016/0301-0511(92)90018-P.

10. Jasper, P;Sibley, C. & Coyne, J. Using heart rate variability
to assess operator cognitive workload in a command and
control simulation of multipleunmanned aerial. Vehicles.



11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

MALHARI, et al.: DEF. LIFE SCI. J., VOL. 6, NO. 2, APRIL 2021, DOI : 10.14429/dlsj.6.16818

In Proceedings of the human factors and ergonomics
society annual meeting., 2016, 60(1), 1125-1129.

doi: 10.1177/1541931213601264.

Cain, B. A review of the cognitive workload literature.
Defence Research and Development Canada, Toronto,
2007.

Khoozani, E. & Hadzic, M. Designing the human stress
ontology: A formal framework to capture and represent
knowledge about human stress, Aust. Psychol. 2010,
45(4), 258-273.

doi: 10.1080/00050061003664811.

Pervic, F.H. Visual illusion in flight. Spatial disorientation
in aviation, 2004, 283-317.

doi: 10.1007/s10916-018-0935-4.

Treaty, N.A. Psychological and physiological selection of
military special operations forces personnel,2012.
Azuma, R.; Daily, M. & Furmanski, C. A review of time
critical decision making models and human cognitive
processesron. InIEEEAerospace Conference Proceedings,
2006, 9.

doi: 10.1109/AER0.2006.1656041.

Newell. A. & Simon, H. Human problem solving. Oxford,
England: Prentice-Hall 1972, 892-899.

doi: 10.1080/00140137308928443.
Lezak,M.;Howieson, D. & Loring, D. Neuropsychological
assessment, New york: Oxford university Press, 2004.
Pradhan, B. & Nagendra, H. Normative data for the letter-
cancellation task in school children. Int. J. Yoga., 2008,
1(2), 72-75.

doi: 10.4103/0973-6131.43544.

Adair, J.; Na, D.; Schwartz, R. & Heilman, K. Analysis
of primary and secondary influences on spatial neglect.
Brain Cogn. 1998, 37(3), 351-67.

doi: 10.1006/brcg.1998.1002.

Aglioti, S.; Smania. N.; Barbieri, C & Corbetta, M.
Influence of stimulus salience and attentional demands
on visual search patterns in hemi spatial neglect. Brain
Cogn., 1997, 34(3), 388-403.

doi: 10.1006/brcg.1997.0915

Cowings, P.S. Effects of command and control vehicle
(C2V) operational environment on soldier health and
performance. Army research lab aberdeen proving ground
md, 1999.

Singh, A.P.; Majumdar, D.; Bhatia, M.R.; Srivastava, K.K
& Selvamurthy, W. Environmental impact on crew of
armoured vehicles: Effects of 24" combat exercise in a
hot desert. Int. J. Biometeorol., 1997, 39, 64-68.

doi: 10.1007/BF01212582.

Nakashima, A. & Cheung, B. The effects of vibration
frequencies on physical, perceptual and cognitive
performance. Defence Research and Development
Canada: Toronto, Ontario, CA2006.

Talland, G.A. Deranged memory. New york, Ny:
Academic Press 1965.

Casado,A.;Zabala,M.;Morales, E.; March, M. & Sanabria,
D. Cognitive performance and heart rate variability: The
influence of fitness level, PLoS One, 2013, 8(2), ¢56935.
doi: 10.1371/journal.pone.0056935.

Mukherjee, S.; yadav, R.; yung, I.; Zajdel, D.P. & Oken,
B.S. Sensitivity to mental effort and test—retest reliability

of heart rate variability measures in healthy seniors. Clin.
Neurophysiol. 2011, 122, 2059-2066.
doi: 10.1016/j.clinph.2011.02.032

27. Fay,D. & Sonnentag, S. Rethinking the effects of stressors:
a longitudinal study on personal initiative. J. Occup.
Health Psychol., 2002, 7, 221-234.
doi: 10.1037//1076-8998.7.3.221

28. Jo, N.; Lee, K & Lee, D. Computer-mediated task
performance under stress and non-stress conditions:
Emphasis on physiological approaches 2013, Chapter 2,
15-26.
doi: 10.1007/978-1-4614-5749-7 2.

29. Rueckert, L. & Grafman, J. Sustained attention deficits
in patients with right frontal lesions, Neuropsychologia.
1996, 34(10), 953-963.
doi: 10.1016/0028-3932(96)00016-4.

30. Jennings, J.R.; Allen, B.; Gianaros, P.; Thayer, J.
& Manuck, S. Focusing neurovisceral integration:
Cognition, heart rate variability, and cerebral blood flow.
Psychophysiology. 2015, 52(2), 214-224.
doi: 10.1111/psyp.12319.

31. Forte, G.; Favieri, F. & Casagrande, M. Heart rate
variability and cognitive function: A systematic review.
Front Neurosci, 2019, 9(13), 710.
doi: 10.3389/fnins.2019.00710.

32. Cinaz, B. & Marca, R. Monitoring of cognitive workload
levels, IADIS International Conference e-Health 201.

33. Brookhuis, K. &Waard, D. Monitoring drivers’ cognitive
workload in driving simulators using physiological
measures, Accid. Anal. Prev, 2010, 42, 898-903.
doi: 10.1016/j.aap.2009.06.001.

34. Mulder L.J.M.; Waard, D. & Brookhuis, A. Estimating
mental effort using heart rate and heart rate variability, in
Handbook of Ergonomics and Human Factors Methods
eds Stanton N., Hedge A., Hendrick H.W., Brookhuis K.
A., Salas E., editors. (London: Taylor & Francis) 2004,
201-208.

35. Diane, Pomeroy. The impact of stressors on military
performance, Defence Science and Technology
Organisation 2013, pp.

36. Blackwood, W.; Timothy, R.; Anderson. Tactical display
for soldiers human factors considerations. National
Academic press, 1997, pp. 144-145.

ACKNOWLEDGEMENT

Authors are thankful to the Ordnance Factory Medak
for funding; Ministry of Defence, Govt. of India for proving
infrastructures/facilities, volunteers and logistic support during
the field study. We would also like to extend our heartfelt
gratitude to every individual who were indirectly involved
in this work for their administrative or technical support /
guidance. We are grateful for the cooperation and constant
encouragement from Director, DIPAS and other members of
Ergonomics department.

CONTRIBUTORS
Ms Archana A. Malhari,

(Biotechnology).
She has contributed for literature review, field data collection,

completed her MSc

185



MALHARLI, et al.: DEF. LIFE SCI. J., VOL. 6, NO. 2, APRIL 2021, DOI : 10.14429/dlsj.6.16818

processing and statistical analysis, interpretation of findings,
scientific input and the drafting of the manuscript.

Mr Debojyoti Bhattacharyya, obtained his Master’s in
Physiology from Presidency College, university of Calcutta.
He is presently working as Scientist ‘D’ in DRDO-DIPAS. His
research areas are physical and cognitive ergonomics issues
of Human- Machine-Environments interface and its ergonomic
solutions, high altitude physiology and military footwear design
and development.

Contributed for study design, field data collection, scientific
input, drafting (revision) and finalisation of the manuscript.

Mr Tirthankar Chatterjee, obtained his Master’s in Physiology
from Presidency College, university of Calcutta. He is presently
working as Scientist ‘D’ in DRDO-DIPAS. His research areas
are Physical ergonomics, Military load carriage ensembles,
Human Simulation and Modelling, Workstation ergonomics.
Contributed for study design, field data collection and scientific
input.

186

Mr K.V. Mani, obtained his Master’s in Physics from Delhi
University. He is presently working as Scientist ‘E’ in DRDO-
DIPAS. He is working in the area of Occupational Health
and Safety pertaining to noise, vibration and Non-ionizing
radiation.

In this study contributed in field data collection, analysis and
scientific input.

Dr Madhusudan Pal, did PhD in Human Physiology from
Vidyasagar University, West Bengal. He is currently Scientist
‘F’ in DRDO-DIPAS. His area of research interests includes
optimisation of Human Machine Interface issues (Military
workstations, H/w & S/w), enhancement of combat readiness
and comfort of soldiers through design and development of
Military products like Personal Protective Equipments, Load
Carriage Ensembles, study of Extreme Environmental Physiology
and Occupational Health and Safety.

In this study he has contributed in conceptualisation, formulations
and fund generation of the project. Finalisation of the study
protocol, co-ordination of the field study, scientific inputs,
finalisation of the manuscript and overall supervision and
corresponding of the article.



