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Abstract: This article aims to contribute as a preliminary research effort, providing a justification framework
for the configuration of an Internet of Things (loT) network designed to monitor the nonverbal
communication behaviour of soldiers during training and mental preparation for the battlefield. Based on the
results of this research, the network architecture of the 10T system will be configured in order to support the
optimization of soldiers’ nonverbal communication responses. Accordingly, the study focuses on analysing
the role of two nonverbal indicators specific to the training and mental preparation process for the battlefield:
physical proximity and paralinguistic aspects, which may reveal important information regarding levels of
comfort, stress, concentration, or emotional control. By analysing these parameters, the paper proposes an
approach for evaluating the effects of nonverbal communication on training performance and for identifying
potential solutions to optimize remote training programs through an 10T network currently under development.

Keywords: Combat mindset; Proxemics, ANOVA, Tukey, loT-based sensor systems.

Fundamente ale dezvoltarii unui sistem IoT pentru
monitorizarea comunicarii nonverbale a militarilor in
timpul instruirii si pregétirii mintale pentru lupta

Rezumat: Acest articol isi propune sd contribuie ca demers de cercetare preliminard, oferind un cadru
justificativ pentru configurarea unei retele Internet of Things (IoT) concepute pentru monitorizarea
comportamentului de comunicare nonverbala al militarilor in timpul procesului de instruire si al pregatirii
mintale pentru cAmpul de lupta. Pe baza rezultatelor acestei cercetiri, arhitectura retelei sistemului IoT va fi
configurati astfel incét sa contribuie la optimizarea raspunsurilor de comunicare nonverbala ale militarilor. Tn
acest sens, studiul se concentreazd asupra analizei rolului a doi indicatori nonverbali specifici procesului de
instruire si pregatire mintald pentru cAmpul de lupta: proximitatea fizica si aspectele paralingvistice, care pot
evidentia informatii relevante privind nivelul de confort, stres, concentrare sau control emotional. Prin
analiza acestor parametri, lucrarea propune o abordare pentru evaluarea efectelor comunicarii nonverbale
asupra performantei in instruire si pentru identificarea unor solutii de optimizare a programelor de instruire la
distantd prin intermediul unei retele IoT aflate In prezent in stadiu de proiect.

Cuvinte-cheie: mentalitate de lupta, proxemica, ANOVA, Tukey, sisteme de senzori bazate pe IoT.

1. Introduction

The connection of various physical elements equipped with sensors and software into an
ensemble called the Internet of Things (loT), including the human being as both source and
terminal, is not new. There are also situations in which humans are subjects of data collection and
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use through the monitoring of their physiological aspects. The integration of human beings into
such networks is often achieved in structures known as the Internet of Bodies (loB), a concept
developed by Matwyshyn (2019). There are several ethical concerns regarding the integration of
human beings into such networks, particularly those related to the human being as a functional
component of an loT system, that counterbalance the Kantian principle of human freedom (El-
Khoury & Arikan, 2021). Howerver, the reason we propose the possibility of integrating soldiers
into 10T systems is grounded in stronger ethical motivations: protecting their physical integrity,
maintaining their vital functions and adaptation to the combat environment. With regard to military
applications of 10T, including the Network-Centric Warfare (NCW) philosophy of understanding
the battlefield as a network, or the integration of the military into IoT systems, our work is
distinguished by three essential aspects: (1) the communicational and mathematical foundation of
mental preparation for the battlefield based on measurable nonverbal indicators; (2) the subsequent
design and construction of the network starting from physiological and communicational aspects
conceived to assist the human component; and (3) the dual use of the established network for both
military and civilian purposes.

The concept of the soldier as an interconnected element in 10T networks is predominant in
studies regarding the use of 10T networks for locating military personnel (Chhabra et al., 2017;
Raja & Bagwarim, 2018); for monitoring their health status (Gondalia, et al., 2018; Bandopadhaya
et al., 2020; Babu et al., 2023; Sourabh et al., 2025); and for monitoring and extraction operations
(Kang et al., 2020; Kavitha & Madhumathy, 2022). In addition, there is also a body of research that
highlights various devices capable of equipping soldiers on the battlefield with potential for use
within 10T networks (Kandam, Bharathgoud & Balaji, 2020; Sirisha et al., 2025). In parallel with
the development of this line of research, another concept relevant to our study has emerged: the
Internet of Battlefield Things or Internet of Battle Things (IoBT), with certain variations in naming
and application, such as the Military Internet of Things (MIoT) or the Internet of Military Things
(IMoT). This concept is focused on Command, Control, Communications, Computers, Intelligence,
Surveillance and Reconnaissance (C4ISR) structures and the related doctrine of Network-centric
warfare (NCW) (Ray, 2015), integrating into the network Unmanned Aerial Vehicles (UAVS),
Unmanned Ground Vehicles (UGVs), smart munitions and various sensors that complete the
soldiers’ equipment. A number of relevant studies have highlighted 1oBT as an applicative
particularity of 10T, examining the network infrastructure especially from the perspective of the
cognitive and decisional dimensions (Raglin, 2019; Cobb et al., 2021; Kazi, 2025). In addition, the
concept developed in the United States as Internet of Battlefield Things Collaborative Alliance
(lIoBT-CRA) - a collaborative alliance between the defence system, government structures,
industry, universities and research institutions — multiplies the effects of the network.

A consequence of the Military Internet of Things (MIoT) is the operationalization of
technologies such as digital twins (Warfighter Digital Twin — WDT), considered to be a ‘digital
replica or virtual copy of the fighter’. These digital twins are built on a set of personalized
biomechanical and physiological models, supported by analytical data on the physical, biological
characteristics and psychophysiological state of the individual. The military digital twin extends the
principle of ‘soldier as sensor’ to ‘soldier as integrated cybernetic system’, serving as a bridge
between the soldier and the digital ecosystem of the battlefield (Fawkes & Burden, 2025). Human
digital twins enable individualized training and equipment designed to optimize performance,
health, recovery, safety and career longevity for military personnel. For example, in the case of
fighter pilots, the ‘e-Pilot’ monitors both the health of the human operator and the aircraft’s
parameters to assist the pilot in situational awareness and provide improved aircraft control options
in high-risk situations (Giberna et al., 2025). In other simulations, digital twins can contribute to
injury prevention and maintenance of physical fitness by monitoring factors and parameters
associated with certain common types of injuries (Lloyd et al., 2023). As an augmented decision
support tool, the integration of Al at the digital twin level transforms soldiers from isolated
executors into augmented soldiers, contributing to increased decision speed and information
advantage on the battlefield.

Human digital twins also offer the possibility of accelerating the training cycle through
personalized simulations and continuous real-time feedback. Such an adaptive learning system
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provides the decision-maker with clear evidence, based on the analysis of extensive datasets,
regarding the competencies of each individual. Another capability that can be developed is the
enhancement of psychological resilience and mental readiness by exposing soldiers to operational
stressors in a controlled virtual environment, as will be demonstrated in this work. Consequently,
the digital twin can serve as a tool for continuous psychological assessment, analysing
physiological parameters correlated with emotional states to provide an objective measurement of
combat stress. As interconnection points between various systems on the battlefield, digital twins
contribute to multidomain integration and unified C4ISR by running predictive models and
simulations of diverse tactical and logistical scenarios, combining the computational speed of
computers with knowledge from the field (Kufakunesu, Myburgh & De Freitas, 2025).

In this context of abundant military applications of 10T, this work aims to integrate the
functions of the loT system. It emphasizes the necessity of interconnectivity between training in a
virtual environment under physical stress conditions, with the goal of preventing rather than
recovering from PTSD. Accordingly, we propose removing the instructor from the proximity of the
trainees, as their presence may influence trainee performance, and delivering the instructor’s input
through an loT system during mindset training. Analyzing typical sequences of physical and mental
training for the battlefield in the immediate presence of the instructor, we identified nonverbal
aspects that contribute to a decrease in focus and, consequently, poorer training results. Based on
these findings, the originality of this work consists in the introduction of remote assistance, which
is essential to enable soldiers to train under conditions closely approximating the requirements of
the battlefield. This ‘extraction’ of the instructor from the training framework, while still
maintaining their role, requires the configuration of an loT system capable of supporting the
process of both physical and mental preparation for the battlefield under optimal conditions.

In this regard, we have included in this article references to preliminary research on mental
preparation for the battlefield, data collection and analysis, research methodology, results and
discussions, future prospects and conclusions.

2. Materials and methods

2.1. Mental preparation for the battlefield

In mental preparation for the battlefield, the most important aspect is the control of
physiological reactions to operational and combat stress, which consists of strong emotional and
psychological tension generated by battlefield conditions. Regardless of the performance level of
loT or 0BT systems that integrate the military on the battlefield, self-control or control over
human responses is impossible without special training to reduce the effects triggered by the stress
mechanism. Under such conditions, the human body exhibits a range of physiological changes and
nonverbal reactions, such as tremors, agitation, cold sweat, fatigue, difficulties in thinking,
speaking and communicating, immobility of a limb without obvious physical cause, problems with
vision, hearing or tactile perception, physical exhaustion, immobility or paralysis to dangerous
stimuli, panic, flight, withdrawal, etc. These effects can be mitigated through a mental training
program for the battlefield, which is implemented by certain military higher education institutions.

=9

The curriculum of the “Henri Coanda” Air Force Academy in Brasov includes the Combat
Mindset (CoMind) training program, developed through an international project financed by EEA
funds, entitled “Combat Mindset Training for Romanian Military Students” (2022-2023). This
program benefits from specialized laboratories and the experience accumulated by Norwegian
partners at the University of South-Eastern Norway (USN) contributing to the implementation of
multidisciplinary knowledge, encompassing cognitive approaches, communication sciences,
military sciences and martial arts. To maintain control over the participants during the training
process, a series of sensors are needed to provide stress-level indicators, which are analyzed in
parallel with nonverbal indicators.

The integration of advanced technologies — ranging from facial expression analyzers to
machine learning algorithms and biometric sensors — into the military psychological assessment
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process has opened new perspectives for monitoring mental states and optimizing cognitive
performance. However, the application of these technologies in operational or military training
settings presents a complex set of challenges, affecting both their practical effectiveness and the
ethical foundations of psycho-behavioral data usage. In the military context, where psychological
pressure is maximal and constant surveillance can have ambivalent effects, it is essential that these
limits are understood, regulated and managed with discernment. Under these conditions, mental
preparation becomes an essential element, playing a critical role both in operational success and
ensuring survival on the battlefield. Thus, we aimed to highlight the level of mental preparation of
soldiers by analyzing specific nonverbal indicators, physical proximity and paralanguage elements,
capable of providing relevant data — separately or integrated — regarding the level of comfort or
tension in group interactions, as well as stress, concentration or emotional control.

2.2. Data collection and analysis

The data were collected and recorded using the SimRange Lasershot simulator, produced by
Shooting Range Technologies, a division of Laser Shot Inc. The simulator was equipped with a
short-range projector Vivitech 1080P, an integrated gunshot detection camera (i.e., a laser sensor),
remote control, integrated speakers, wireless keyboard, AK-47 assault rifle replicas and Lasershot
training software, which allows weapon adjustment, and a virtual polygon. The SimRange
simulator is designed to replicate a traditional shooting range with virtual targets, following real-
world training standards. For graphical representation and statistical analysis, the OriginPro v2020b
software was used.

2.3. Research methodology

We designed a pilot experiment to serve as an initial empirical basis for further extensive
research, providing an early understanding of the analyzed phenomenon and contributing to the
refinement of future hypotheses and methodology. The experiment was conducted using the CPIM
shooting simulators at the “Henri Coanda” Air Force Academy with 45 military students, randomly
divided into three homogeneous groups of 15 students each, based on training and experience,
using the equipment presented in Section 2.2. All participants received the same instructions, with
the task of hitting 10 targets. The study was structured around two independent variables: the
proximity of the instructor — close (50-60 cm) and distant (over 150 cm) — and the presence or
absence of paralanguage, which consisted of noises such as sighs, grunts, laughs, sniffs, lip-smacks,
groans, whistles, clicks, moans and munching, produced randomly during shooting. The distances
were selected minimize interference with the subject of the experiment, while highlighting the role
of nonverbal elements in mental preparation for the battlefield. The close distance corresponds to
the close personal zone, characterized by familiarity and, in formal interpersonal relationships,
involve feelings of personal space invasion, stress, discomfort, and the need for psychological
defence. The distant condition corresponds to the close social zone, typical of formal dialogue,
professional relationships and personal negotiations, and does not produce noticeable effects on
participants’ behaviour. Paralanguage was used to assess concentration and emotional stability.

The conditions for carrying out the training activity require the mandatory presence of the
instructor. The development of the 10T system is therefore also motivated by the need to remotely
monitor the cadets during training. The control group (G1), defined as a dependent variable,
benefited from the absence of paralanguage and the instructor at a distance (over 150 cm). The
second group (G2) benefited from the close proximity of the instructor (50-60 cm), while the third
group (G3) benefited from the presence of various sound effects and the distance of the instructor
(over 150 cm). Shooting requirements were identical for all participants in the experiment: each
trainee performed 10 simulated shots, targeting 10 points per target, for a maximum score of 100
points if all targets were hit. The hypotheses focused on the correlation between the proximity of
the instructor and the shooter, as well as the presence of sound elements, in the sense of decreasing
shooting performance were formulated.
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3. Results and discussions

Over the years, we have identified ways to explore the possibilities of mental preparation for
the battlefield by drawing on scientific models of communication which provides explanations for
the networking of what has long been considered to be communicational ballast. As introduced in a
previous work, it is possible to examine how people mentally prepare for incoming signals —
whether highly redundant, predictable or unpredictable — by focusing on the “communicative
ballast” (brain activity that readies the mind for the unexpected and filters verbal content)
(Lesenciuc & Sauciuc, 2023). There are also other premises, even regarding the need for mental
training (Lesenciuc & Sauciuc, 2024) and the need to analyze brain activity (including stress level
control) in various contexts (Lesenciuc et al., 2023), i.e., integrated training for the information
environment (Lesenciuc, 2024) of the contemporary battlefield, without substantiating to date the
need to integrate the military into an loT system. Herewith, the proposed method is appropriate in
situations where direct testing of effects on measurable nonverbal communication behaviour is
desired. Through the strict control of variables and replicability of conditions, the method provides
a clear picture of how an intentionally produced change influences the outcome.

The choice of distance variables in the experiment was made so as not to interfere
significantly with the subject of the experiment. According to Edward T. Hall’s proxemic studies
(Hall, 1966), there are four types of human interaction zones, with small variations in distance
depending on culture. Based on measurements regarding the thresholds for identifying the human
voice, Hall distinguished between the intimate zone (0-45 cm), the personal zone (45-125 cm), the
social zone (125-360 cm) and the public zone (over 360 cm), each with two subzones — close and
far (or distant) — characterizing certain behavioural and communication patterns. The absence or
presence of the second variable, paralanguage, had the role of assessing concentration and
emotional stability in an environment where such characteristics are essential for military personnel.
Paralanguage is one of the nonverbal elements of speech that usually accompanies (and reinforces)
verbal behaviour in conversation (Abercrombie, 1968) and serves in numerous studies as an
element with a therapeutic or stress-inducing role (Saskovets, Lohachov & Liang, 2025). This use
is due to the fact that paralanguage conveys an important part of the speaker’s emotional intentions,
often having a stronger impact than the verbal content itself (Mehrabian, 1972). In military context,
where concentration and emotional stability are essential, such nonverbal signals can be perceived
as indications of negative evaluation or disapproval, negatively influencing (self-)efficacy.

Given the three groups, each defined by two variables — distance and paralanguage according
to section 2.3 — the calculated means highlight the performance of each group. In order to compare
the means of the three groups by analyzing variance, the scores of each group were added into
separate columns, and the OneWay Anova statistical analysis was performed in Origin. Table 1
summarizes the descriptive statistics obtained.

Table 1. Descriptive statistics of the scores obtained for each group

minimum score  maximum score  n; X; SDi
G1 (control) 80 100 15 91.33 7.43
G2 (proximity) 70 90 15 83.33 7.23
G3 (sound) 70 90 15 79.33 7.03

By using the fit statistics based on the overall mean (MG) of all scores, calculated as the
weighted average of the group means, we obtained a mean score of 84.66. To determine whether
there are statistically significant differences among the scores of the three groups, we will compare
the means of scores obtained under different conditions. This comparison will highlight the
importance of designing an 10T system to help replace the presence of the instructor in close
proximity during training, improving focus and performance. Thus, we will evaluate the effect of
nonverbal stressors (proximity and sound and paralanguage) on the performance of military
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students. By applying variance analysis, the aim is to determine the statistical significance of the
observed effects and, if necessary, to identify specific differences between the groups, thus
contributing to a deeper and more rigorous understanding of how nonverbal factors may affect
performance. Accordingly, we will postulate the alternative hypothesis, following (Diez,
Cetinkaya-Rundel & Barr, 2024), stating that the average score varies by group (i.e., the means of
one or more groups are different). In order to demonstrate this assumption, the degrees of freedom
for three groups is given by:

dfg =k-1=2 (1)
where k represents the number of groups (k = 3), leaving us with 2 degrees of freedom between
groups. Further, the sum of squares between groups (SSG) quantifies the variability or differences
among the means of different groups and is calculated as follows:

. —
SSG=) " n(x—Mg)=1120 @
where nj is the number of observations in group i (in this work, the number of members in each
group), and xi is the mean of the n; observations in group i. Thus, the sum of squares between
groups reflects the variability of the group means from the overall mean, where SSG1 = 667.3(3);
SSG2 = 26.5(3) and SSG3 = 426.1(3). The mean square between groups (MSG) provides the
measurement of the variation among the group means and is calculated using the degrees of
freedom and the sum of squares between groups:

MSG = 1 SSG =560
df

G 3)

Knowing the variation between the groups, the next step is to determine the variation within
the groups. The variation within the groups is given by the variation among the residuals (errors).
Thus, the degrees of freedom for residuals are calculated as the sum of the degrees of freedom for
each group:

deZn_k=42 (4)
where n represents the total number of observations (45). Further, the sum of squared errors (SSE)
guantifies the total squared differences between the actual observed values and the values predicted
by fitting the n; data points of each group. Given the standard deviation, SSE is defined as:

k
SSE = - —1)SD? = 2200
Zi:l(nl ) 1 (5)
where SSE1 = 774, SSE2 = 733 and SSE3 = 693, highlighting the variability of scores within each
group. Similarly, to MSG, given the degrees of freedom for errors and the sum of squared errors,
the mean square error can be calculated as:

MSE = d%SSE =52.38

£ (6)
Having comparable measures of variability between the groups (MSG) and within the groups
(MSE), the variation among group means, represented by the F-statistic, can be determined. This

value indicates the extent to which the group means vary compared to the variation within the
groups, and was calculated to be 10.69 using the formula:

F = MSG/MSE ©)

To determine whether the F value obtained is large enough to consider the differences
between groups significant, it can be compared with a critical value from the Percentiles of the F
Distribution: F.95(ny, ny) Table (Rice, 2007). At a 0.05 level of significance, and given the degrees
of freedom between and within the groups, Feit = 3.22. The calculated F value is substantially
higher, indicating a significant difference between two of the group means. Thus, the null
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hypothesis can be rejected and the alternative hypothesis, as postulated at the outset, can be
accepted. The group means differ because the observed differences are not due to random
fluctuations or variability between subjects (group heterogeneity), making the result statistically
significant. In addition, a p-value of 0.00017 was calculated, which is far lower than our level of
significance; therefore, the alternative hypothesis is validated, and we can conclude that the group
means are significantly different.

To better visualize the variance within the groups, Figure 1. A shows the box plot,
graphically illustrating the locality (measured by the mean), spread (variability of scores measured
by the standard deviation) and skewness (asymmetry of the distribution) of the scores. For both G1
(control) and G2 (proximity) there are only a few low scores, and most of the data are clustered
towards higher scores, while in G3 (sound) most of the data is clustered towards lower scores.
These results further highlight the statistically significant differences between the performance
means of the three groups, confirming that the nonverbal factors examined (instructor proximity
and paralanguage) meaningfully influence the performance of soldiers in simulated shooting.
Performance decreases progressively from the control group to the groups in which the stressors
are found, indicating a significant effect. This analysis supports the hypothesis that these factors not
only affect concentration but also induce an increased level of psychological discomfort, which
negatively impacts the results and supports the need to implement an 10T system for mental
training.

sound proximity -4 -

* significant difference
% | = nonsignificant difference

sound comtrol - B

Scores range

proximity coetrol B
704

- | R, ST —— S

G1 G2 G3 20 18 16 44 1210 B & 4 2 0 2 4

Figure 1. Variance between and within groups, where G1 — control, G2 — proximity and
G3 —sound: A. box plot; B. Tukey range test (Author's own research)

Figure 1.B highlights the Tukey’s range test (HSD — honestly significant difference), which
identifies which of the nonverbal stress factors has the most significant effect on the simulated
shooting results. This test is useful for demonstrating the significance of the discovered stand-out
difference, when it is already known that there is a significant difference among groups. All
possible pairs of means are compared by calculating the differences between means: sound-
proximity (G3-G2 = 79.33 - 83.33 = - 4), sound-control (G3-G1 = 79.33 — 91.33 = - 12) and
proximity-control (G2-G1 = 83.33 — 91.33 = - 8). The background calculations are based on a
computed HSD value, which depends on MSE and the number of means (n) being compared. If any
two means differ by more than the HSD value, they are considered significantly different
(Laurencelle & Dupuis, 2002):

MSE _6.42
n 8)

where q is the critical value from the Q table (Laurencelle, & Dupuis, 2002), determined for
three groups with 42 degrees of freedom for errors at a 0.05 level of significance. By comparing the
differences between means with the HSD value, we can conclude that the control group differs
significantly from both groups exposed to nonverbal stressors, confirming their negative impact on
performance in simulated shooting. In contrast, the difference between the proximity-only and
paralanguage-exposed groups is not statistically significant, suggesting that both types of stressors
affect performance in a similar manner.

HSD = qx
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Given that all groups had only 15 participants, it is important to evaluate the impact of the
proximity-only (G2) and paralanguage-exposed (G3) groups on our hypothesis that the physical
proximity of the instructor or random sounds can significantly disrupt the participants' ability to
concentrate and execute tasks. Assuming that each group has a normal distribution and equal
variability, Cohens’ d value can provide details on the effect size, or magnitude of the stressors,
relative to the control group (G1). Determined from equation 9, a Cohens’ d value larger than 1
suggests that the mean difference is large compared to the variability (ds2 = 1.091; dgz = 1.659 —
using the data in Table 1). A large Cohen’s d indicates substantial mean difference relative to the
variability. Thus, for both G2 and G3, the impact of stressors on student performance is high, with
increased predominance for G3 (Sawilowsky, 2009).

X1 _Gl B X1 _GZGS
J(sof_ezeg +SD?g)
4 ©

The observation that a higher percentage of the G2 and G3 populations exceeds the mean of
the control can also be correlated to Figure 2B, where students in G2 and G3 exhibit overall lower
performance scores. Since the null hypothesis was previously rejected, the effect size can also be
expressed using eta squared (5?), representing the variance ratio explained by the two independent
variables (G2 and G3), relative to the control group, G1 (4> = SSgetween G2, G3 and G1/SSTotal)
(Richardson, 2011). Based on the previously calculated sums of squares, the differentiation ratios
are n%c2 = 0.460 and %3 = 0.745. In other words, proximity accounts for 46 % of the variance
among students in terms of performance (target shooting), while sound accounts for 74 % of the
variance. Thus, the presence of stressors — particularly sound — has a large impact on shooting
performance.

d=

Another way to illustrate the variance between groups and within the group is shown in Figure 2,
where a normalized distribution of the data sets is plotted against the scores obtained for each group.

0.09 T & 0.09 = 5
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Figure 2. Graphical representation of the analysis of variance (ANOVA\) represented as frequency of score
occurrence as function of shooting scores, data fitted using the Gaussian fit, highlighted means and group skewness
indicated by arrows: A. variance between and within the three groups; B. illustration of significant differences by
groups means and total mean (Author's own research)

Data in the first panel (A) was fitted using a Gaussian fit, and the mean obtained from the
ANOVA statistics was positioned in the proximity of the peaks for each group. The second panel
(B) shows the mean of means, with the long vertical lines representing the mean values,
highlighting the rationale behind the analysis of variance between and within groups. The Gaussian
fit illustrates the degree of dispersion from the mean and significant deviations. Similarly, to the
box plot, the skewness of scores in Figure 2. A shows comparable variation for the control and
proximity groups, with a mean shift toward lower scores and a tail extending in that direction,
suggesting a data point accumulation at higher scores. In contrast, the tail in G3 shifts toward
higher scores, indicating a greater number of lower scores. This reflects a decrease in efficiency in
target shooting, likely attributed to the pressure or discomfort caused by random auditory stimuli.
Figure 2.B shows that the dispersion of the scores is similar across the three groups (see variances
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within groups — estimated from the similar SD values), while the distribution between groups
(mean of means) is slightly shifted toward higher scores, highlighting a leftward asymmetry with a
frequency of scores below the average. Thus, the impact of nonverbal stressors (proximity and
paralanguage), indicates a cumulative tendency to reduce performance, reflecting that exposure to
stimuli such as the physical proximity of the instructor or random sounds can significantly disrupt
the participants' ability to concentrate and execute tasks. The results obtained from the
experimental data clearly confirm the primary hypothesis of this study: nonverbal stressors, such as
the physical proximity of the instructor and paralanguage elements (specifically randomized
sounds), negatively influence the performance of soldiers in simulated shooting exercises. The
control group, which was not exposed to any stressor, achieved the highest mean scores (91.33
points), indicating optimal concentration and execution in the absence of disruptive factors. Groups
exposed separately to proximity (83.33 points) and paralanguage (79.33 points) recorded
significant decreases in performance compared to the control group, supporting the secondary
hypotheses that each type of nonverbal stimulus has an individual negative effect on execution
capacity. These results are consistent with directions found in specialized literature regarding the
influence of nonverbal factors on performance in training and operational contexts with a high
degree of psychological demand, such as the military environment.

Therefore, apparently insignificant factors, such as the discreet presence of an instructor at
the lower limit of the personal space or simple paralinguistic elements, can produce average
variations exceeding 10%. It is worth noting that these nonverbal stressor elements do not manifest
themselves similarly in the case of all subjects, as long as there are results (in isolated cases)
comparable to those of the control group. This limitation will be addressed in a subsequent phase
by setting variables that will not allow for individual differentiation. In general, the absence of
extreme deviations or very large dispersions within the experimental groups can be interpreted as
evidence of the validity of the testing method and the homogeneity of the sample. At the same time,
these observations emphasize the importance of considering individual variables, such as
personality traits, coping styles or previous experience, when analysing performance under
stressful contexts. Under these conditions, it is necessary to redesign the study to a more advanced
level, integrating the soldier into an loT network in which a remotely located instructor can have
control over the general mental training conditions for the battlefield and the individual
characteristics of the subjects in the training process.

4. Future prospects

The results obtained in this study highlight the need for remote monitoring of nonverbal and
physiological indicators during the process of preparing the military personnel for the battlefield.
Effective mental preparation, which involves training reactions to simulated stimuli through
specialized laboratories or simulators, requires — at least in the initial phase — an adequate control
of other stressor factors that are absent on the battlefield. In our experiment, these factors are
included the presence of the instructor within the personal space (45-75 cm), (Hall, 1966) and the
expression of presence through sounds emitted from the close subzone of the social zone (124-220
cm). By inducing stressors through nonverbal elements that create subtle differentiation and
observing the noticeably altered shooting results for groups G2 and G3 compared to G1, the need
becomes clear to configure a training environment that removes the presence of the instructor from
the proximity of the trainee and incorporates an 10T network to guide the training. Research in
military psychology (Stokes & Kite, 1994; Flood & Keegan, 2022; Lokyan, Baghdasaryan &
Hovhannisyian, 2025) demonstrates a direct relationship between success in tactical activities and
combat simulations and the quality of the training.

To continue the experiment under conditions that also highlight the individual characteristics of
the subjects, it is necessary to configure a network architecture that includes the instructor as the
terminal decision-maker (Figure 3). This network, configured in accordance with IoT principles,
involves the inclusion of interconnected devices and sensors capable of providing the necessary data for
collection and analysis regarding the level of mental preparation for the battlefield. Such an loT-based
sensor system structure requires the inclusion of a mobile electroencephalographic (EEG) headset,
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which provides real-time data on the subjects' brain activity, including engagement, excitement,
frustration, interest, relaxation and stress levels. Research using the EMOTIV + EPOC EEG device and
associated software for transforming EEG frequencies into information of interest in the field of mental
training for the battlefield (e.g., Emotiv BCI), has been conducted in previous experiments (Lesenciuc
& Sauciuc, 2023). In addition, other sensors should be incorporated that collect other physiological
parameters such cardiac activity, lung activity, perspiration levels and environmental conditions.

Soldier brain activity cardiovascular temperature sweat
sensors Sensors sensors sensors
sweat-analysis
EEG headset smart bracelet o s
patch
PLC/RTU
Wired MAN/
WiFi
Digital Twin Digi Remote | hiskor shooting SimiRange
Al/HI Manager AT programs Lasershot

Figure 3. Proposal of the 10T architecture (Author's own research)

Therefore, the next step in our research is to repeat the experiment under remotely assisted
firing conditions, incorporating additional stressors present on the battlefield, through an 10T -based
sensor system. This will include network configuration, taking into account the establishment of
the main tasks on the network nodes, creation of the system block diagram and signal analysis,
while providing results with a high degree of accuracy by combining environmental parameters
with individual parameters. The proposed loT system architecture is based on research in progress.

5. Conclusions

This work highlights the necessity of replacing the instructor with an loT system during
mindset training, as their presence may influence the trainee’s performance. The analysis of
statistical parameters provides a justification for designing an IoT based sensor system as a
necessary tool for mental preparation for the battlefield. The results demonstrate that apparently
insignificant factors, such as proximity or simple paralinguistic elements, can produce significant
average variations compared to the control group. According to the analysis of variance (ANOVA,
complemented by Tukey’s test), the impact of these nonverbal stressors shows a cumulative
tendency to reduce performance. Furthermore, graphical representation of variances between and
within groups illustrate the locality, spread and skewness of the scores, highlighting the
significance of observed differences.
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