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Abstract  

 
This paper examines the use of Virtual Reality (VR) for teaching the historical role of artillery. The methodology 

combines VR-based scenarios with behavioral and speech analytics supported by Artificial Intelligence. The findings 

indicate that VR enhances understanding of decision-making under constraints and shifts learners from technical to 

context-driven reasoning. The results suggest that VR can improve the linkage between theory and operational 

practice in artillery training. The study contributes by integrating experiential learning with measurable performance 

indicators and offers a novel approach to military education. 
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1. Introduction  

 

Traditional frontal instruction has long been a dominant method in military education; however, its effectiveness 

for contemporary learners is increasingly limited [5], [6]. This limitation becomes particularly evident in domains that 

require the integration of technical knowledge, situational awareness, and decision-making under uncertainty [9], [10]. 

Artillery operations represent a typical example of such domains, as they inherently combine technical procedures with 

context-dependent decision processes. In the context of teaching artillery history, these limitations become even more 

pronounced. Instruction is frequently reduced to descriptive narratives, chronological timelines, and isolated technical facts. 

While such approaches provide basic factual knowledge, they do not sufficiently explain the operational significance of 

artillery employment. In particular, they fail to clarify the rationale behind command decisions or the constraints under 

which historical actors operated. As a result, learners often acquire fragmented knowledge that lacks contextual depth and 

analytical applicability. This issue is closely related to how artillery history is conceptualized. It is often presented as a 

static record of weapons systems and firepower development, rather than as a dynamic interaction between technology, 

doctrine, terrain, command structures, and uncertainty. Such a reductionist interpretation obscures the role of artillery as a 

command instrument.   

Consequently, learners may know what occurred in a given historical engagement, but they frequently lack insight 

into why specific decisions were made, how limitations in observation and communication shaped outcomes, and why 

alternative courses of action were not feasible. This gap reflects a broader methodological problem. Traditional instructional 

approaches are insufficient for conveying the decision-driven nature of artillery employment. Understanding artillery in 

historical warfare requires more than the transmission of facts; it requires the reconstruction of context, constraints, and 

decision-making processes [11]. Without this reconstruction, knowledge remains descriptive rather than operational. In this 

context, Virtual Reality (VR) can be understood as a methodologically grounded approach to addressing these limitations 

[13], [17]. Its relevance does not lie only in visualization, but in its ability to support immersive, scenario-based learning 

environments [14]. Within such environments, learners can be placed directly into historically grounded operational 

contexts. They are then required to engage with incomplete information, constrained communication, terrain limitations, 

and doctrinal restrictions—conditions that closely resemble those faced by historical commanders [15,16]. 
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This shift is important because it changes the nature of learning. Instead of focusing on procedural correctness 

alone, learners are required to interpret situations and make decisions under uncertainty. In this sense, VR supports the 

representation of decision-making processes rather than only the presentation of historical facts. The primary objective of 

this study is therefore to define and justify the use of VR as a tool for teaching the historical role of artillery. The study 

further aims to propose a structured instructional framework based on VR scenarios and to establish measurable indicators 

for evaluating learning effectiveness. In addition, the role of Artificial Intelligence (AI), particularly Large Language 

Models (LLMs), is examined as a supporting component for adaptive instruction and structured analytical reflection [6], 

[27]. 

 

2. Methodology 

 

 The research methodology is based on the integration of VR-supported scenario-based learning, historical analysis, 

and learning analytics [18], [19]. Rather than relying on generic or purely technology-driven simulations, the approach focuses 

on the development of historically grounded scenarios that reflect specific doctrinal frameworks, technological limitations [1], 

[24], and operational contexts of artillery employment [3]. Each scenario represents a concrete historical situation in which 

artillery played a decisive or illustrative role. The design process emphasizes the accurate representation of operational 

constraints, including limited observation capabilities, restricted communication channels, delayed execution of fire missions, 

and doctrinal rigidity. These constraints are not treated as secondary elements; they are essential for preserving historical 

fidelity and ensuring that the learning experience reflects the actual conditions under which decisions were made. 

 The instructional process is structured into three interconnected phases. The preparatory phase introduces learners to 

the historical context, including the operational situation, doctrinal assumptions, available resources, and mission objectives, 

thereby establishing the theoretical foundation and clarifying the constraints and intent associated with the scenario. The 

immersive phase takes place within the VR environment, where learners are placed in a simulated battlefield context and 

interact with terrain, command relationships, and fire support systems under historically accurate limitations. This phase 

deliberately emphasizes decision-making under uncertainty rather than procedural correctness [9,20], requiring learners to 

interpret incomplete information, prioritize tasks, and adapt to evolving conditions. The final phase consists of a structured 

debriefing, which is essential for transforming experience into learning [12]. During this phase, learner decisions are 

systematically compared with documented historical outcomes, with emphasis on discrepancies between intended and actual 

effects, the influence of constraints, and the internal coherence of decision-making processes. 

 Artificial Intelligence is integrated into the methodology as a supporting component rather than a primary decision-

making tool. LLM-based systems are used to provide contextual prompts, support adaptive questioning, and structure after-

action reviews [6, 27]. In parallel, AI tools are employed to collect and process behavioral data generated during the VR 

experience. To ensure that evaluation is not limited to subjective impressions, the methodology incorporates measurable 

indicators of learner performance. These include decision latency, interaction patterns, adaptation to uncertainty, and selected 

communication characteristics. These indicators establish a data-driven basis for evaluating the effectiveness of VR-supported 

instruction in comparison with traditional methods. The pilot implementation involved a total of 24 participants drawn from a 

military education environment. The cohort consisted primarily of students and early-career officers with a background in 

artillery or related combat support domains. Participants had prior exposure to basic fire control procedures and command 

principles but limited experience with immersive simulation tools.  

 The intervention was conducted through a series of structured sessions, each lasting approximately 60–90 minutes. 

Participants engaged with 2–3 VR-based scenarios representing distinct historical situations with varying levels of complexity 

and constraint. Data collection combined automated behavioral logging within the VR environment with structured 

observation during scenario execution and debriefing. Recorded variables included decision latency, interaction patterns, and 

selected communication characteristics. In addition, qualitative data were obtained through guided debriefing sessions. Given 

the exploratory nature of the study, no formal control group or direct comparison with traditional instruction was implemented 

at this stage. The primary objective was to assess the feasibility of the approach and to identify initial patterns in learner 

behavior, 

 

2.1 Artillery as a decision-centric system rather than a purely technical domain 

  

 Modern artillery cannot be adequately understood as a purely technical system defined only by ballistic accuracy, 

range, or firepower. Instead, its effectiveness emerges from the interaction between sensing, command and control (C2), 

decision-making, and execution under constraints. This perspective is supported by research emphasizing the central role of 

human operators and decision processes even in technologically advanced systems [31,49,50]. 

In practical terms, artillery performance is rarely limited by computational capability alone. More often, it is constrained by 

incomplete information, delays in observation and communication, and the need to integrate fires within a broader operational 

framework. These factors directly affect how fire missions are planned and executed. 

 This shift in perspective is critical for the present study. It reframes artillery from a domain focused on procedural 

correctness to a decision-centric system in which technical solutions must be evaluated in relation to timing, intent, and 

operational context. From an educational standpoint, this implies that teaching artillery—particularly its historical dimension—

requires approaches capable of representing decision-making under constraints rather than only transmitting technical 

knowledge. This requirement is further reinforced by interoperability challenges in joint fires and multinational operations. 
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Differences in procedures, communication structures, and doctrinal approaches introduce additional layers of complexity, 

which must be reflected in both analysis and training [30]. 

 

2.2 Constraints, uncertainty, and supporting functions in artillery operations 

  

 Building on the previous section, a second relevant research strand focuses on the role of supporting functions and 

environmental constraints in shaping artillery outcomes. Elements such as meteorological data, terrain representation, and 

observation capabilities are not auxiliary; they directly influence the feasibility and effectiveness of fire missions. Empirical 

and technical studies show that artillery frequently operates under degraded data conditions, where estimation and 

approximation replace precise measurement [37]. This has direct implications for decision-making, as uncertainty becomes an 

inherent part of the process rather than an exception. 

 Similarly, research on terrain modeling, remote sensing, and fire effectiveness highlights the importance of 

integrating multiple data sources into a coherent operational picture. This includes the use of unmanned systems for artillery 

survey and sensing, as well as advanced data acquisition methods such as LiDAR or multispectral detection [27,39,43,45]. 

Recent studies further demonstrate that artillery-related methods are applied beyond traditional combat contexts. Examples 

include environmental assessment of impact zones and wildfire suppression, which illustrate how artillery operates within 

complex and constraint-driven environments [28,29].  

 From a methodological perspective, these findings are directly relevant to training design. Instructional environments 

that omit uncertainty, delays, or imperfect information risk producing fundamentally incorrect mental models. Therefore, the 

inclusion of such constraints is not optional but necessary for maintaining operational validity. 

 

2.3 Simulation, VR, and experiential learning in military education 

  

 Simulation has long been used in military training for procedural rehearsal and analytical purposes. However, 

traditional simulation environments often prioritize technical correctness and repeatability, sometimes at the expense of 

experiential understanding. In contrast, Virtual Reality introduces a different approach. It enables immersive, scenario-based 

learning in which users actively engage with complex environments. In military education, simulation remains a key enabler 

not only for training but also for research and capability development [41,44]. Constructive and analytical simulations have 

been used to evaluate fire unit effectiveness, survivability, and tactical behavior under controlled conditions [32,44]. While 

these approaches are valuable, they typically focus on system-level performance rather than on the experiential dimension of 

decision-making.  

 For artillery training, this distinction is particularly important. Historical artillery employment cannot be meaningfully 

understood without considering limitations in observation, communication delays, doctrinal constraints, and terrain effects. 

VR provides a controlled environment in which these factors can be explicitly represented and systematically manipulated. 

The present study builds on this premise. VR is not used merely as a visualization tool, but as a medium for reconstructing 

decision-making contexts. This approach aligns with experiential learning theory, where knowledge is formed through the 

transformation of experience into structured understanding [11]. 

 

2.4 Artificial Intelligence and data-driven evaluation of decision-making 

  

 Another relevant area concerns the application of Artificial Intelligence in military decision-support and training 

systems. Existing approaches demonstrate the use of AI for optimization, planning, and evaluation under uncertainty, including 

algorithmic methods and resource allocation models [33,35,47]. However, these approaches are typically oriented toward 

system-level performance. They focus on optimizing outcomes rather than analyzing the behavior of individual operators. 

Recent developments indicate a shift toward process-oriented evaluation, where attention is directed to how decisions are made 

rather than only to their results. This shift is particularly relevant in artillery contexts. A technically correct fire solution does 

not guarantee operational effectiveness, especially under conditions of uncertainty, delay, and incomplete information. Data-

driven analysis enables these discrepancies to be identified and systematically evaluated. 

 One example of this trend is the use of AI-supported speech-to-text systems in artillery command environments, 

where AI assists in processing and structuring information within fire control workflows [31]. Such applications demonstrate 

that AI can support, rather than replace, human decision-making. The integration of speech-based indicators represents a 

further extension of this approach. Verbal expression provides indirect insight into cognitive processes such as uncertainty, 

confidence, and reasoning structure. Although these indicators must be interpreted cautiously, they offer an additional 

analytical layer that is not accessible through traditional evaluation methods. 

 

2.5 Gap in current research and relevance for the present study 

  

 Existing research provides substantial coverage of several relevant areas. These include technical aspects of artillery 

fire control, supporting functions such as meteorology, sensing, and terrain modeling, simulation and VR applications in 

military training, and AI-based decision-support methods. Each of these domains is well developed in isolation and contributes 

valuable insights into specific components of artillery systems and military education. However, these research strands remain 

largely fragmented. Technical studies primarily focus on system performance and accuracy, while research on supporting 
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functions addresses data acquisition and environmental modeling. Similarly, simulation and VR studies often emphasize 

technological capabilities or training effectiveness at a general level, without explicitly addressing decision-making under 

operational constraints. AI-based approaches, in turn, tend to prioritize optimization and system-level efficiency rather than 

the analysis of human decision processes [38,42]. 

 As a result, there is a lack of integrated approaches that combine these domains into a unified framework. This gap 

becomes particularly significant in the context of education and training, where understanding artillery requires the ability to 

connect technical, environmental, and decision-making dimensions. Specifically, existing research does not sufficiently 

address how to: 

 combine historically grounded scenarios with immersive environments,  

 systematically incorporate operational constraints such as uncertainty, delays, and limited observation,  

 evaluate learner performance using data-driven, process-oriented metrics rather than outcome-based indicators.  

 This limitation is further highlighted by broader trends in defence research. Increasing emphasis is placed on data-

driven analysis of complex systems, including infrastructure reliability, sensing integration, and operational risk assessment 

[38,42]. Despite this shift, educational applications remain only partially aligned with these developments, particularly in 

domains where decision-making under constraints is central.  

 The present study addresses this gap by explicitly linking VR-based experiential learning with AI-supported analysis 

of decision-making behavior. Unlike existing approaches, it does not treat these components separately. Instead, it integrates 

them into a single methodological framework focused on reconstructing decision contexts and evaluating how decisions are 

made under realistic conditions. In doing so, the study moves beyond isolated technological applications. It contributes to a 

more operationally relevant approach to military education, in which learning is grounded in constraints, context, and 

measurable decision processes rather than in procedural correctness alone. 

 

3. Design and Preliminary Evaluation of VR-Based Artillery Scenarios  

  

 The initial stage of the research focuses on the systematic design and preliminary evaluation of VR-based historical 

artillery scenarios [1,2]. The objective is not to recreate historical battles in full detail, but to construct analytically useful 

representations of decision-making situations. This distinction is important, as it allows the study to focus on key mechanisms 

of artillery employment rather than on descriptive reconstruction. Each scenario is developed on the basis of historical sources 

to ensure alignment with documented operational conditions, doctrinal frameworks, and technological constraints. Instead of 

modeling entire engagements, the design process deliberately isolates critical decision points. These points represent situations 

in which artillery employment significantly influenced the course of events [3,27]. This reductionist approach enables 

controlled analysis of decision-making processes while preserving historical relevance. 

  

Fig. 1. Framework of VR Scenario Design and Evaluation 

 
A central design principle is the explicit inclusion of operational constraints. These include limited observation 

capabilities, restricted and delayed communication, temporal gaps between fire request and execution, and doctrinal 
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rigidity. Such constraints are not treated as background conditions but as primary drivers of decision-making. Their 
inclusion is necessary to avoid simplified or misleading interpretations of historical artillery employment. The overall 
structure of the approach is illustrated in Figure 1. The framework links historical reality, scenario abstraction, VR 
implementation, learner interaction, and subsequent evaluation. Importantly, the learning process does not begin in the 
virtual environment itself. It begins with the transformation of historical reality into a structured and constrained scenario. 
The framework also highlights a dual-path data collection process, combining behavioral indicators with communication-
based data, which are subsequently integrated through AI-supported evaluation. 

The preliminary evaluation focuses on measurable indicators that reflect the quality of decision-making rather than 
the correctness of isolated technical outputs. Traditional assessment methods, based on factual recall or procedural 
accuracy, are insufficient in this context [8]. Instead, the evaluation framework adopts a process-oriented perspective. 
Several key indicators are used. Decision latency captures the time required to interpret situational inputs and initiate action. 
Adaptability reflects the ability to respond to evolving conditions and incomplete information. Coherence represents the 
alignment between declared intent and executed actions within the scenario. These indicators are complemented by 
exploratory analysis of communication behavior, which may provide indirect insight into cognitive load and situational 
certainty. 

The relationship between technical correctness and operational effectiveness is conceptualized in Figure 2. The 
model illustrates that increasing technical accuracy does not lead to a proportional increase in operational effectiveness. 
Under conditions of uncertainty, limited observation, and delayed execution, even technically optimal solutions may fail to 
produce meaningful effects. This non-linear relationship constitutes a key learning objective of the VR scenarios, as it 
challenges the assumption that technical precision alone determines success. 

 

 

│ 

│            ● 

│         ● 

│      ● 

│   ● 

│ ● 

│____________________________ 

        Technical Accuracy 

 

Fig. 2. Non-Linear Relationship Between Technical Accuracy and Operational Effectiveness 

 

The preliminary phase also examines the temporal structure of decision-making within VR environments. Initial 

observations indicate that delays are not uniformly distributed across the decision cycle. Instead, they are concentrated in 

phases associated with interpretation and decision-making, where uncertainty and incomplete information have the greatest 

impact [23]. 

 

 
 

Fig. 3. Temporal Structure of Decision-Making in VR Scenario 

 
This temporal dimension is represented in Figure 3, which divides the decision process into four phases: detection, 

interpretation, decision, and execution. The model highlights that delays in execution are often driven by external 
constraints such as communication latency and doctrinal procedures, whereas delays in earlier phases are more closely 
linked to cognitive processing and situational ambiguity. Although the model remains conceptual, it provides a useful 
analytical framework for understanding how different types of constraints influence the tempo of decision-making in 
artillery operations. This perspective is directly relevant for both historical analysis and contemporary training design. 

 

4. Behavioral and Speech-Based Indicators of Decision-Making  

 

In addition to standard behavioral metrics, the research incorporates speech-based indicators as a supplementary 

method for assessing decision-making processes under constrained conditions [18,19]. This approach is based on the 
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assumption that verbal expression can reflect aspects of underlying cognitive processes, particularly in situations 

characterized by uncertainty and time pressure. Within VR-based artillery scenarios, learners are required to verbalize their 

reasoning, commands, and situational assessments. These verbal outputs are captured and processed in real time, enabling 

the extraction of speech-related metrics. Among these, speech fluency—measured as words per minute (WPM)—is used 

as an auxiliary indicator potentially related to cognitive load and decision hesitation [9]. 

Figure 4 presents a representative speech fluency curve recorded during a VR-based scenario. The metric is 

calculated using a moving time window, which allows the observation of temporal variations in speech rate throughout the 

scenario. This makes it possible to relate changes in verbal expression to specific phases of the decision-making process. 

 

 
Fig. 4. Fig. 4. Speech fluency curve (Words Per Minute – WPM) over time, calculated using a 30-second moving 

window 

 

The observed data indicate that speech fluency is not constant. It varies depending on the situational context and 

phase of the task. Periods characterized by reduced speech rate, prolonged pauses, or abrupt fluctuations often coincide 

with increased uncertainty, incomplete situational awareness, or the need to reassess available information. Conversely, 

more stable speech patterns tend to appear in phases where the situation is better understood. However, these relationships 

must be interpreted with caution. Speech fluency does not provide a direct measure of cognitive load. It can be influenced 

by multiple factors, including individual communication style, language proficiency, stress response, and familiarity with 

the task. For this reason, speech-based indicators are not treated as standalone metrics, but as complementary data sources. 

From an analytical perspective, the integration of speech metrics extends the evaluation framework beyond 

observable actions. Behavioral indicators such as decision latency and interaction patterns provide information about what 

actions were taken and when. In contrast, speech analysis offers indirect insight into how decisions were formed and 

communicated. This combined approach enables a more nuanced interpretation of performance. For example, a rapid 

decision may not indicate effective reasoning if it is accompanied by fragmented or inconsistent verbalization. Conversely, 

a slightly delayed decision supported by structured and coherent communication may reflect a more robust decision-making 

process. Despite its limitations, the preliminary analysis suggests that speech-based data provide access to dimensions of 

decision-making that are not captured by traditional evaluation methods. When used in combination with behavioral 

indicators, they contribute to a more comprehensive assessment of how learners operate under conditions of uncertainty. 

This is particularly relevant in artillery contexts, where decision quality depends not only on outcomes, but also on the 

reasoning processes that lead to them. 

 

5. Design and Preliminary Evaluation of VR-Based Artillery Scenarios 

 

 The preliminary application of VR-based historical artillery scenarios reveals several consistent patterns in learner 

behavior and understanding. The pilot implementation involved 24 participants, which enabled the extraction of initial 

quantitative and qualitative indicators. Although the results remain exploratory, they provide an initial basis for evaluating the 

instructional potential of the proposed approach. One of the most significant observations is the divergence between technically 

correct solutions and their operational effectiveness. Participants were often able to identify firing solutions that were correct 

from a computational or procedural perspective. However, these solutions did not always produce meaningful effects within 

the simulated environment. This discrepancy was primarily associated with constraints embedded in the scenarios, including 

terrain masking, limited observation, delays in execution, and fragmented command structures.  

 This finding is further supported by quantitative indicators. Decision latency ranged from 8 to 42 seconds, with an 

average of approximately 21 seconds across all participants. Longer delays were consistently associated with phases requiring 

interpretation of incomplete information, while shorter response times were observed during execution phases (Table1). 
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Table 1. Selected decision-making indicators (n = 24) 

 

Indicator Min Max Mean 

Decision latency (s) 8 42 21 

Number of decision points per scenario 3 7 5 

Verbal response rate (WPM) 82 145 110 

 

 These data indicate that technical correctness alone is not a sufficient performance indicator in artillery contexts [7]. 

Instead, effective decision-making requires the integration of technical knowledge with situational awareness and an 

understanding of operational constraints. The VR environment makes this relationship directly observable, as learners 

experience the consequences of their decisions in real time. A second important observation concerns changes in how learners 

conceptualize artillery employment. At the beginning of the scenarios, participants tend to focus on calculations, firing 

parameters, and procedural correctness. As the scenario progresses, a shift toward context-dependent reasoning can be 

observed [13,14]. Learners increasingly consider timing, coordination, intent, and the broader operational situation. This shift 

becomes particularly evident during the debriefing phase. Learners demonstrate an increased ability to articulate the 

relationship between their decisions and their effects. Rather than evaluating decisions solely in terms of correctness, they 

begin to assess their appropriateness within the given context. A representative example of this discrepancy is summarized in 

Table 2. 

 

    Table 2. Example of discrepancy between technical correctness and operational effectiveness 

Aspect Participant decision Historical reference Outcome 

Fire solution Technically correct firing data Delayed engagement required Target not effectively engaged 

Timing Immediate execution Coordination required Reduced operational impact 

 
 From a behavioral perspective, the data indicate that decision-making under constrained conditions introduces 
variability in response patterns. Decision delays are not evenly distributed across the decision cycle. Instead, they tend to 
concentrate in phases associated with interpretation and situational assessment. This suggests that uncertainty and incomplete 
information have a stronger influence on performance than purely technical complexity. Communication behavior provides 
an additional layer of insight. Periods characterized by hesitation, fragmented verbalization, or increased response latency 
frequently coincide with phases of higher uncertainty.  
 Quantitatively, verbal response rates ranged from 82 to 145 words per minute, with fluctuations corresponding to 
moments of increased cognitive demand. While these observations remain exploratory, they support the assumption that 
communication patterns can serve as a supplementary indicator of decision-making processes. The integration of AI-supported 
analysis enables the aggregation and interpretation of these behavioral patterns. In the current implementation, the analysis is 
limited to basic metrics such as timing and interaction sequences.  
 Nevertheless, it demonstrates the feasibility of using automated tools to support evaluation in complex training 
environments. This represents a methodological advantage over traditional instructional approaches, where such data are 
typically unavailable or difficult to capture. No formal control group or experimental comparison was implemented at this 
stage. However, qualitative observations from debriefing sessions suggest a shift in learner reasoning. Participants increasingly 
evaluated decisions in terms of appropriateness within the operational context rather than procedural correctness alone.  
 Overall, the results suggest that VR-based instruction supports a more context-oriented understanding of artillery 
employment. By exposing learners to operational constraints and requiring active decision-making, the approach promotes 
analytical reasoning that extends beyond procedural knowledge [26]. 
 

6. Design and Preliminary Evaluation of VR-Based Artillery Scenarios 
 

The results of the preliminary evaluation indicate that VR-based instruction addresses a critical gap in current 

artillery training: the disconnect between technically correct fire procedures and their operational application within 

constrained environments [1,2]. Traditional instructional approaches, particularly those focused on procedural drills and 

ballistic calculations, tend to isolate technical competence from the conditions under which artillery is actually employed. 

From a military training perspective, this represents a structural deficiency. Artillery effectiveness is not determined solely 

by the accuracy of fire solutions, but by the ability to integrate fires within a broader command and control (C2) framework 

[10,20], under conditions of uncertainty, time pressure, and incomplete information. The findings suggest that VR-based 

scenarios provide a viable means of exposing learners to these conditions in a controlled yet operationally relevant manner. 

The observed shift in learner behavior—from procedural execution toward context-driven decision-making—has direct 

implications for artillery training. Participants begin to recognize that fire missions are not isolated technical tasks, but 

components of a larger operational system involving coordination, prioritization, and intent. This aligns with the 

requirements of modern fire support, where effectiveness depends on synchronization across units, timing relative to 
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maneuver, and the ability to operate within degraded communication environments. In this context, VR can be understood 

as a tool for training decision-making under conditions that are difficult to replicate using conventional methods. Live 

exercises provide realism but are resource-intensive and limited in repeatability. Simulation-based training, while scalable, 

often lacks the experiential dimension necessary for developing intuitive understanding of constraints [6,17]. VR occupies 

a middle ground, enabling repeated exposure to complex scenarios while preserving a high degree of situational immersion. 

The implications for command and control training are particularly significant. The scenarios demonstrate that delays in 

communication, ambiguity in information flow, and doctrinal constraints have a direct impact on the tempo and 

effectiveness of fire support. Training that does not explicitly incorporate these factors risks producing operators who are 

technically proficient but operationally ineffective. VR-based environments allow these variables to be systematically 

introduced and manipulated, creating conditions in which learners must adapt their decision-making processes accordingly. 

At the same time, the integration of AI introduces new possibilities for evaluating performance in artillery training. 

Behavioral data, including decision timing, sequencing of actions, and communication patterns, provide a basis for 

assessing not only what decisions were made, but how they were made. This represents a shift from outcome-based 

evaluation toward process-oriented assessment, which is more aligned with the realities of command decision-making [18]. 

However, these advantages must be considered alongside significant limitations. The effectiveness of VR-based training is 

highly dependent on the fidelity of the scenarios. Inaccurate representation of terrain, communication structures, or doctrinal 

constraints may lead to incorrect mental models, which can be more harmful than incomplete knowledge. In a military 

context, this is a non-trivial risk. Furthermore, VR cannot replace live training or real-world exercises. Physical constraints, 

stress factors, and the complexity of real operational environments cannot be fully replicated in a virtual setting. The role 

of VR should therefore be understood as complementary, providing a bridge between theoretical instruction and field 

training rather than a substitute for either. Another critical limitation concerns the risk of technological overreliance. The 

introduction of advanced tools such as VR and AI does not automatically translate into improved training outcomes. 

Without clearly defined objectives, structured scenarios, and instructor-led guidance, the use of such technologies may 

result in superficial engagement rather than meaningful learning. Finally, the question of evaluation remains unresolved. 

While the proposed indicators—such as decision latency, adaptability, and coherence—offer a promising direction, they 

require further validation to ensure reliability and relevance in operational contexts. Establishing standardized evaluation 

frameworks for decision-making in artillery training remains an open challenge. 

In summary, the findings suggest that VR-based instruction has the potential to significantly enhance artillery 

training by reintroducing context, constraints, and decision-making into the learning process. Its primary contribution lies 

in bridging the gap between technical proficiency and operational effectiveness. However, its successful implementation 

depends on methodological rigor, scenario fidelity, and its integration within a broader training system that includes both 

theoretical and practical components. 

 

7. Conclusions  

 

The findings of this study indicate that traditional approaches to teaching artillery history are insufficient for 

developing an operational understanding of artillery employment. The core limitation lies in the separation of technical 

knowledge from the conditions under which it is applied. As a result, learners may achieve procedural correctness without 

understanding its operational relevance. The integration of Virtual Reality into instruction addresses this limitation by 

embedding learning within historically and operationally grounded contexts. VR-based scenarios expose learners to key 

constraints that shape real-world decision-making, including uncertainty, limited observation, communication delays, and 

doctrinal restrictions. This shifts the focus from technical execution toward context-dependent reasoning, which is essential 

for effective artillery employment. 

A central contribution of the study is the demonstration that decision-making under constraints can be 

systematically represented and analyzed within an educational framework. By combining immersive scenarios with 

behavioral and communication-based indicators, the proposed approach enables evaluation of how decisions are made, not 

only whether they are correct. From a training perspective, VR can be understood as a bridging tool between theoretical 

instruction and live exercises. It enables repeated exposure to complex decision-making situations that are difficult to 

reproduce in conventional training environments. This is particularly relevant for command and control processes, where 

timing, coordination, and intent play a decisive role. At the same time, the results highlight that technical correctness should 

not be treated as a sufficient proxy for operational effectiveness. Effective artillery employment depends on the integration 

of technical solutions within a broader decision-making context. This has direct implications for how artillery training is 

structured and evaluated. 

The study also demonstrates the potential of integrating Artificial Intelligence as a supporting component for 

evaluation and feedback. AI-assisted analysis enables the processing of behavioral data and supports structured reflection. 

However, its role remains auxiliary and dependent on clearly defined methodological frameworks. Several limitations must 

be acknowledged. The current results are exploratory and based on a limited set of scenarios and participants. The validity 

of proposed indicators, such as decision latency and speech-based metrics, requires further verification. In addition, the 

effectiveness of the approach depends on scenario fidelity and instructional design quality. For military practice, the 

implications are clear. Training approaches that focus predominantly on procedural accuracy risk neglecting the decision-

making processes that determine operational effectiveness. VR-based instruction provides a viable means of addressing 

this gap, but only when integrated into a broader training system that combines theoretical instruction, simulation, and live 
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experience. Future research should focus on expanding empirical data, validating evaluation metrics, and testing the 

approach across different operational contexts. Establishing robust and transferable methods for assessing decision-making 

quality remains a key step for the wider adoption of VR-supported training in artillery and related domains. 
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