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GLOBAL TRENDS IN WARGAMING RESEARCH IN MILITARY EDUCATION:
BIBLIOMETRIC ANALYSIS OF SCOPUS DATASETS AND IMPLICATIONS FOR
UKRAINE

Abstract. The article presents a bibliometric analysis of wargaming research in the context of
professional military education (PME) using a two-stage filtering strategy applied to the Scopus
database. Two datasets were formed: a contextual dataset (query "military" AND "game*" AND
"training OR education OR simulation”, n=3,962, 2005-2026) covering the entire field of "military
games" including mathematical game theory, and a target dataset (n=1,954, 1915-2026) from which
game theory publications were excluded, retaining wargaming, military simulation, and serious
games in the educational-training context. Visualization was performed using VOSviewer 1.6.20 with
co-occurrence mapping of author keywords and country-level co-authorship analysis.

The purpose of the study is to identify the thematic structure, chronological dynamics, and
geography of global wargaming research and to determine Ukraine's position within this research
landscape. Five network maps were constructed and analyzed. The contextual dataset map revealed
that mathematical game theory dominates quantitatively (233 occurrences vs. wargaming — 27),
necessitating two-stage filtering. After filtering, wargaming forms an autonomous cluster with
military simulation (123 total occurrences), spatially separated from serious games, confirming its
status as a distinct PME instrument. The convergence of Al methods and wargaming clusters on the
research front corresponds to practical developments in NATO PME institutions (GenWar Lab,
CGSC Vantage platform, Finnish edge Al model). Publication activity increased fivefold after 2020 —
from 25 to 126 publications per year, peaking at 187 in 2024. The co-authorship map revealed that
Ukraine is absent from the international collaboration network (threshold: 3 documents per country).
This academic isolation corresponds with institutional findings: a content analysis of 79 Ukrainian
PME regulatory acts identified wargaming terminology in only 8 documents (10 %), with none
specifying methodology, standards, or facilitator qualifications, a comprehensive review of PME
course catalogs (over 13,000 entries) found zero courses with a wargaming component.

The study’s limitations include reliance on a single database (Scopus) and the exclusion of
restricted military publications. Three recommendations are formulated: normative inclusion of
wargaming in PME course catalogs, preparation of a facilitator cohort through NATO DEEP/NSO
programs, and joint research projects with NATO wargaming centers as the mechanism for Ukraine's
entry onto the Scopus co-authorship map.

Keywords: wargaming; war games; bibliometric analysis; VOSviewer; Scopus, professional
military education; artificial intelligence; NATO.
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I'noGanbHi TeHAeHLIl JocaiTKeHb wargaming y BilicbKOBili 0cBiTi: 0i01ioMeTpHYHMI aHAJII3
MacHuBiB Scopus Ta iMIuIikanii s YKpainu

Y cmammi nodamo 6Gibriomempuunuti ananiz O00CHIONCEHbL BaApeelMiHey 8 KOHMeKCmi
npogecitinoi siticokosoi oceimu (IIBO) i3 3acmocysannam 0goemanuoi cmpamezii ¢hinompayii 6asu
Ooanux Scopus. Chopmosano 08a macusu danux: konHmexkcmuuu (n=3962, 2005-2026), wo oxonmwoe
8CI0 chepy «BIICLKOBUX [20p», BUKIIOYHO 3 MAMeMamuinolo meopicio ieop, i yinvosutl (n=1954,
1915-2026), 3 saxoeo eumyueno nyonikayii 3 meopii ieop ma 3aTUWEHO BaApPeelMiHe, BIliCbKOBY
CUMYTAYIIO mMa Cepuo3Hi iepu 6 O0CEIMHbO-MPEHYBANbHOMY KOHmeKcmi. Bizyanizayis euxkonHaua y
VOSviewer 1.6.20 3 xapmy6anHAM CRIIbHOI 3YCMPIYAILHOCMI ABMOPCHKUX KIIOYO8UX Cli8 ma
aHanizom Cnigasmopcmea Ha PiGHAX KPAiHu.

Mema Oocniosxcenna — 6uA8UMU MeMAMUYHy CMPYKMYpY, XPOHOLOLIYHY OUHAMIKY mda
2eoepahito 2106anbHUX 00CHIOJHCEHb 8apPeelMIHRY, A MAKOMC BUHAYUMU Micye (no3uyiio) Yipainu 6
UbOMY OOCTIOHUYLKOMY IAHOUADMI.

Ilobyoosano ma npoananizoéano n'sme mepedcesux kapm. Kapma xonmexcmuo2o macugy
NOKA3a1a KilbKapazose OOMIHY8AHH Mamemamudnoi meopii icop (233 3eadysanus npomu 27 01
sapeeliminey), wo 3ymosuno nompeby 6 ogoemanuiu ¢inempayii. Ilicia gitempayii eapeetimine
CMBOPIOE ABMOHOMHULL KAACMep pa3om i3 6ilicbkosoro cumynsayieto (123 3eadysammns cymapho),
npoCmMopoBo BI0OKpeMIeHUL 8I0 CEePUOHUX 120p, WO NIOMEEPIAHCYE U020 CMAMYC CAMOCMIHO20
incmpymenmy IIBO. Kounsepeenyis knacmepis memoois LIl ma eapeetiminey na ¢pponmi 0ocniodicers
gionogioae npakxmuunum Hanpayosanuam 6 ycmarosax [IBO HATO (GenWar Lab, niamgpopma
CGSC Vantage, ¢incoka modenv edge-Al). I[lyonixayivina axmuenicme 3pocia nicis 2020 poky
én’smepo — 3 25 0o 126 nyonikayiu Ha pix, i3 nikom y 187 nyonrikayiu y 2024 poyi. Kapma
cnigasmopcmea  3aceiouuna euxio Yxpainu 6 mepedxcy MINCHAPOOHOI HAyKoeoi cnienpayi
(nopic — 3 Ookymenmu Ha Kpainy). AxademiuHa i301608aHICMb KOPENOE 3 THCMUMYYIHUMU
pesyromamamu.. KOHmenm-ananiz 79 ykpaincokux Hopmamusnux axmie 3 I1BO us6ue mepminonozito
sapeetiminey e y 8 ookymenmax (10 %), npuuomy 6 HcoOHOMY He KOHKPEemu308aHo Memoooao2iio,
cmanoapmu 4y K8anigikayitini eumoeu 00 BUKIA0aua; CyyinbHull o210 xamanozie kypcie 11BO
(nonao 13 000 no3uyitl) He UABUS HCOOHO20 KYPCY 3 KOMNOHEHMOM 8aP2CUMIHZ).

Obmedicentss 00CiONCEHHS — onepayis Ha 0OHy ba3zy oanux (Scopus) ma euMKHeHHS NYOIKaYill
3 obmedsrcenum giticokosum oocmynom. Cpopmynbosano mpu pekomeHoayii: HOpMamueHe 6KIHOYEHHs.
sapeetiminey 0o kamanoeie xypcie IIBO; niocomosxka kocopmu acinimamopis uepe3 npocpamu
NATO DEEP/NSO; cninbHi Oocnionuybki npoekmu 3 eapeetimineosumu yeumpamu HATO sk
MexaHizm noasu Yxkpainu Ha kapmi cnieagmopcmea Scopus.

Knrouoei cnoesa: siticokosi icpu; 6iticbko6i iepu, bioriomempuunui ananiz; VOSviewer, Scopus,
npogeciina siticokosa ocsima, wimyunui inmenekm, HATO.

Problem statement. Since 2022, NATO has been systematically
institutionalizing wargaming as an instrument of professional military education
(PME). The NATO Wargaming Handbook [1], the annual Wargaming Initiative for
NATO conferences (WIN, 2022-2025), and courses at NATO School Oberammergau
together form an institutional ecosystem that spans educational wargaming from the
tactical to the strategic level. In parallel, generative artificial intelligence (Al) is
transforming wargaming at PME institutions across Allied nations: the U.S. Army
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Command and General Staff College plans to standardize Al-assisted wargaming
beginning in the 20262027 academic year [18].

The term «professional military education» (PME) is used throughout this article
in the meaning established by NATO Bi-SC Directive 075-007: the structured
education of officers at intermediate and senior levels, as distinct from initial officer
training and short-term courses. In Ukrainian practice, PME corresponds to the
educational programmes of higher military educational institutions (HMEIs) at the
operational-strategic level.

This growing institutional attention has been accompanied by an exponential
rise in scholarly research. Yet the structure of this research field — its thematic
clusters, chronological dynamics, and geography — remains largely unexamined. In
particular, no study has determined where Ukraine stands within this landscape.
Ukraine wages a full-scale defensive war and seeks NATO integration. At the same
time, its PME system recognizes wargaming doctrinally but has not operationalized
it: a content analysis of 79 regulatory acts conducted by the authors identified
wargaming terminology in only 8 documents (10 %), while none of the PME course
catalogues (over 13,000 entries in total) contains a single course with a wargaming
component. Bibliometric analysis provides the means to objectively determine this
position and to identify thematic reference points for bridging the gap.

Analysis of recent research and publications. The conceptual framework for
wargaming in PME is shaped by the NATO Wargaming Handbook [1], monographs by
Perla [2] and Appleget, Burks, and Cameron [3], and Curry's review [4] in Simulation &
Gaming. The institutional dimension is examined in a GAO report [5], which identified
fragmentation of wargaming programmes within the U.S. Department of Defense. Bojor
(2024) [6] recommended introducing a dedicated war games discipline into higher
military education curricula and extending this approach to army units for continuous
professional development. Davis and Bracken [7] proposed a framework for applying Al
to wargaming. A special issue of the Scandinavian Journal of Military Studies (2022)
presented empirical evidence of wargaming effectiveness in Scandinavian PME:
Roennfeldt, Helgesen, and Reutz [8], Enstad [9], Hagen [10].

Three concepts central to this analysis require delineation. Wargaming, as defined
in the NATO Wargaming Handbook [1], is a structured exercise in which participants
make decisions within a scenario governed by three constitutive elements: player
decisions that drive the narrative, friction that introduces uncertainty, and adjudication
that resolves outcomes. Serious games, a term introduced by Abt [20] to denote games
designed for purposes beyond entertainment, constitute a broader category that
encompasses educational simulations, gamified training modules, and game-based
learning platforms; unlike wargaming, they do not necessarily involve adversarial
decision-making or adjudicated friction. Military simulation refers to computational
models that replicate aspects of military operations for training or analysis, ranging from
constructive (entity-level) to virtual (human-in-the-loop) and live formats [2]. These
three domains overlap but are not synonymous; the bibliometric analysis below confirms
their structural separation within the Scopus literature.

Bibliometric studies of wargaming are virtually nonexistent. Van Eck and
Waltman [11] developed VOSviewer — a tool widely used for mapping scientific
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fields — yet its application to the analysis of wargaming research has not been
documented. Bondarenko and Hupalo [12] conducted a bibliometric analysis of Al
integration in military education (n=266, Scopus), identifying three development
phases and the absence of wargaming as a distinct cluster within that dataset.
Hurochkina, Bondarenko, and Szapiro [13] analysed the opportunities and risks of
implementing Al technologies in the military domain. A systematic bibliometric
analysis of wargaming itself in the PME context, employing two-stage filtering and
visualization, has not been undertaken.

The purpose of the article is to determine the thematic structure, chronological
dynamics, and geography of global wargaming research in military education; to
identify Ukraine's position; and to formulate implications for the PME system.

Bibliometric analysis methodology. A two-stage strategy was employed. In the
first stage, a contextual dataset was formed using a broad Scopus query («military»
AND «game*» AND «training OR education OR simulation», n=3,962, 2005-2026),
covering the entire field of «military gamesy, including mathematical game theory. In
the second stage, a target dataset was constructed (n=1,954, 1915-2026) by excluding
publications from the game theory domain (Nash equilibrium, differential games,
evolutionary games) and retaining wargaming, military simulation, and serious games
in the educational and training context. Visualization was performed in VOSviewer
1.6.20 [11] using the co-occurrence method for author keywords with a threshold of
5 occurrences for the contextual dataset and 10 for the target dataset. The
international co-authorship map was constructed with a threshold of 3 documents per
country. The two-stage strategy makes it possible to distinguish the wargaming
discourse from the broader «gaming» context and to reveal structural characteristics
that remain invisible when analysing a single dataset.

Scopus was selected as the sole data source for three reasons: it is the largest
abstract and citation database (over 49,000 active journal titles), VOSviewer is natively
optimized for Scopus export formats, and single-database designs remain standard in
bibliometric research where the objective is thematic mapping rather than exhaustive
coverage [11]. This choice entails a limitation: departmental publications, restricted
military reports, and journals indexed exclusively in Web of Science fall outside the
analysis. The term «global» in the article title refers to the geographic scope of the
dataset (publications from 48 countries) rather than a claim of exhaustive coverage.

Presentation of the main material.

1. Contextual dataset: the structure of the «military games» field.

The network map of the contextual dataset (Fig. 1) reveals five thematic
clusters. The right sector is occupied by the dominant mathematical game theory
cluster (game theory — 233 occurrences, Nash equilibrium, differential games,
Q-learning), associated predominantly with optimization problems in network
security. The left sector contains a geopolitical-conflict cluster (war, conflict,
geopolitics, diplomacy, China, Ukraine), while the central-lower zone concentrates
the educational discourse: simulation (90), serious games (93), wargaming (27),
training (54). The wargaming node does not form a dense core of its own — it is
positioned at the intersection of three domains, indicating the interdisciplinary
diffuseness of the concept within the broad dataset.
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Fig. 1. Co-occurrence network map of author keywords in the contextual Scopus
dataset (n=3,962). VOSviewer, network visualization.

The temporal map (Fig. 2) reveals the chronology.
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Fig. 2. Temporal co-occurrence map of the contextual dataset. VOSviewer,
overlay visualization (scale 2014-2022).

The oldest topics (~2014-2016) belong to game theory. Wargaming falls within
the middle zone (~2017-2019), corresponding to the onset of the «wargaming
renaissance» in Western defence establishments [4]. The most recent nodes
(~2020-2022) concentrate in two directions: Al methods (machine learning, multi-
agent systems) and educational games (serious games, game-based learning). The
overall trajectory runs from wargaming as an isolated practice toward integration
with Al and serious games pedagogy.

A comparison of the two maps yields a methodological conclusion: queries for
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«military games» return a dataset in which game theory dominates quantitatively
(233 occurrences versus wargaming — 27). A researcher analysing wargaming without
filtering risks constructing a map in which mathematical optimization problems mask
the educational and training discourse. This justifies the need for the second stage.

2. Target dataset: wargaming in the PME context.

Once game theory is excluded, the thematic architecture assumes a different
configuration (Fig. 3).
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Fig. 3. Co-occurrence network map of the target Scopus dataset (n=1,954, game
theory excluded). VOSviewer, network visualization. 54 nodes, 7 clusters,

threshold — 10 occurrences.

The target dataset (n=1,954) is distributed across 7 clusters comprising 54 nodes
(Table 1).

Table 1
Thematic clusters of the target Scopus dataset (n=1,954)
Cluster Colour Keywords (occurrences) Interpretation
1. Educational- serious games (178), game-based training .
training Green (108), training (101), tabletop exercises (35) Pedagogical focus of PME

wargaming (65), war game (36), military
Red |simulation (35), combat simulation (22),
kriegsspiel (22)

reinforcement learning (54), deep RL (32),
machine learning (23), air combat (16)

4. Immersive Teal virtual reality (49), game-based learning| ETEE subcategory UA-1227
learning (43), virtual environment (28) "Modelling and Simulation"

cyber security (31), network security (22),
intrusion detection (18)

2. Military-
simulation

Wargaming proper: 123
occurrences combined

3. Al methods | Yellow Al in military modelling

5. Cybersecurity | Purple Infrastructure protection

6. Autonomous unmanned systems (24), swarm (19), multi-|  Integration with uncrewed
Orange
systems agent (17) platforms
7. Assessment and Gre assessment (21), learning analytics (15), Measuring training
analytics Y | after action review (12) effectiveness

Source: compiled by the authors based on bibliometric analysis of Scopus data, VOSviewer.
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The spatial distance between clusters 1 and 2 indicates that wargaming and
serious games (in the sense of Abt [20]: games designed for purposes beyond
entertainment), despite sharing a common subject area, belong to distinct research
communities with different traditions and publication channels. For the PME system,
this means that serious games and wargaming require different implementation
strategies and different specialists.

Cluster 3 (Al methods) is closely connected to cluster 2 (wargaming),
confirming the convergence of Al and wargaming at the research front. This
convergence already has practical manifestations: the GenWar Lab (JHU APL, 2025)
integrates large language models (LLMs) with high-fidelity simulation platforms;
Spahr, Mandle, and Stinchfield [14] described an experiment with LLM-adjudication
in free Kriegsspiel at the U.S. Army War College. Saastamoinen and Rissanen [15]
presented the Finnish edge Al model for tactical simulators — an architecture relevant
to the Ukrainian Armed Forces under conditions of limited connectivity.

The temporal map of the target dataset (Fig. 4) refines the chronology.
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Fig. 4. Temporal co-occurrence map of the target dataset. VOSviewer, overlay
visualization (scale 2016-2022).

The teal cluster (virtual reality, game-based learning) corresponds to subcategory
UA-1227 «Modelling and Simulation» of the NATO C3 Taxonomy (ETEE) [16] — one
of four official subcategories showing a «critical» gap in the higher military educational
institutions (HMEIs), according to the content analysis conducted by the authors.

The oldest nodes (~2016-2017) — training, serious games — are established
concepts that took shape before the wargaming renaissance. The middle zone
(~2018-2019) — wargaming, military simulation — their activation correlates with the
publication of the UK MoD Wargaming Handbook [17] and the growth of NATO
institutional attention. The most recent (~2020-2022) — deep reinforcement learning,
machine learning, cyber security — register a shift toward Al-enhanced simulations.

The quantitative dynamics confirm the visual pattern: publication activity in the
target dataset increased fivefold — from 25 publications per year (average for
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2005 — 2019) to 126 per year (2020-2025), with a peak of 187 publications in
2024 (Table 2). In the contextual dataset, growth is more moderate (from 159 to 226),
indicating that it is specifically the wargaming segment that serves as the driver,
rather than the broader «gaming) field.

Table 2
Chronological dynamics of publication activity
Indicator Contextual dataset (n=3,962) Target dataset (n=1,954)
Annual average, 2005-2019 159 25
Annual average, 2020-2025 226 126
Growth x1,4 x5,0
Peak 2024 (274) 2024 (187)

Source: compiled by the authors based on Scopus data

The growth correlates with three events of 2022—-2023: the publication of the
NATO Wargaming Handbook [1], Russia's full-scale invasion of Ukraine, and the
emergence of generative Al. The cumulative effect of these events accounts for the
exponential character of the dynamics.

3. Geography: the international co-authorship network.

The co-authorship map by country (Fig. 5) reveals a concentration of research in
NATO member states and their strategic partners.
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Fig. 5. Country-level co-authorship map, target Scopus dataset (n=1,954)
VOSviewer, threshold — 3 documents. Ukraine is absent.

The United States dominates as the largest node by publication count and
strength of international ties, with concentration at the Naval War College, RAND,
CGSC, and JHU APL. China is the second largest, reflecting substantial investment
in military modelling. Among European states, the United Kingdom (King's College
London, Cranfield, DCDC), Germany, Sweden, and Finland stand out — all with well-
established wargaming traditions in PME.

The temporal version adds a chronological dimension: the United States and the
United Kingdom are the oldest participants (~2016-2017), while Lithuania, Estonia,
and Tirkiye joined more recently (~2020-2022). The appearance of the Baltic states
signals growing research interest among NATO members that face a direct security
threat. Finland, which shares a comparable security context (border with Russia,
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NATO accession in 2023), is present on the map owing to the systematic integration
of simulations into Defence Forces training [15].

Ukraine is absent from the map — no Ukrainian affiliation reached the entry
threshold (3 documents). This academic isolation is not coincidental: according to the
content analysis conducted by the authors, the PME system does not employ
wargaming, and consequently generates neither practice nor research. The longer the
system remains outside the research process, the wider not only the institutional but
also the intellectual gap becomes: the NATO PME community is shaping new
concepts, standards, and practices in whose development Ukraine takes no part.

4. Implications for Ukraine's PME system.

The bibliometric analysis reveals five structural characteristics of the research
field, each carrying implications for the PME system.

Wargaming is an autonomous domain, not a subset of serious games. After
filtering, wargaming forms a separate cluster with military simulation, spatially
distinct from serious games (Fig. 3). For the PME system, this means that introducing
serious games (gamification, game-based learning) does not substitute for introducing
wargaming — these are different instruments with different pedagogical architectures,
different facilitators, and different learning outcomes. The NATO Wargaming
Handbook [1] identifies three constitutive elements of wargaming (player decisions,
friction, adjudication) that are absent from typical serious games.

The convergence of Al and wargaming creates a leapfrogging window. The
close connection between clusters 2 and 3 (Fig. 3) and the shift of the most recent
nodes toward Al methods (Fig. 4) indicate that Al-enhanced wargaming is not a
forecast but a current research front. For HMEIs where wargaming has not yet been
operationalized (according to the authors' content analysis), this opens the possibility
of anticipatory adoption. Wargaming can be integrated with Al support from the
outset, bypassing the stage of costly legacy systems. The Finnish edge Al model
wargaming with Al support from the outset, bypassing the stage of costly legacy
systems. The Finnish edge Al model [15] demonstrates the technical feasibility of
autonomous Al support even under conditions of limited connectivity — conditions
directly relevant to the Ukrainian Armed Forces.

The Baltic states demonstrate the speed of entry. The appearance of Lithuania and
Estonia on the co-authorship map (~2020-2022, Fig. 5) shows that a small state is
capable of entering the wargaming research space within a few years. Toci [19]
described the experience of the Baltic Defence College, where wargaming is conducted
for officers from all three Baltic states. For Ukraine, which has a considerably larger
PME system and unprecedented combat experience, absence from the map is not an
objective constraint but a consequence of an institutional vacuum.

The combat experience of the Ukrainian Armed Forces is an untapped resource.
The node «Ukraine» is present in the geopolitical cluster of the contextual dataset
(Fig. 1), but as an object of other countries' research rather than as a subject. The
international community — the U.S. Marine Corps University, RAND, WIN
conferences — draws on Ukrainian combat experience for wargaming scenarios more
actively than Ukraine's own PME system does. Transforming this experience into
wargaming scenarios 1s not merely an educational task: structured scenarios of
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contemporary combat are of value to the NATO PME community and can serve as
the basis for joint publications — a mechanism for entering the Scopus map.

Three recommendations. Based on the identified structural characteristics, three
recommendations for the PME system are formulated. First, include wargaming in
PME course catalogues by order of the Ministry of Defence of Ukraine, specifying
methodology, facilitator qualification requirements, and the requirement for
structured debriefing. Without regulatory codification, wargaming will remain an
initiative of individual instructors — a risk identified by RAND Europe [6] as the
principal threat to the sustainability of wargaming programmes. Second, prepare a
cohort of 10-15 wargaming facilitators through the DEEP programme or NSO
courses, with subsequent scaling via a train-the-trainer model. A three-level
integration framework (tabletop wargaming — CAX — Al-assisted) is described in
detail by the authors in a separate study. Third, launch joint research projects with
wargaming centres in NATO member states (King's College London Wargaming
Network, NATO M&S Centre of Excellence) and publish in specialized journals
(Journal of Defense Modeling and Simulation, Scandinavian Journal of Military
Studies) — this constitutes the sole mechanism for Ukraine's entry onto the
international co-authorship map (Fig. 5).

Conclusions. A bibliometric analysis of two Scopus datasets (contextual
n=3,962, target n=1,954) with VOSviewer visualization revealed five structural
characteristics of the global wargaming research field in military education.
Mathematical game theory dominates the broad dataset quantitatively
(233 occurrences versus wargaming — 27), necessitating two-stage filtering for a
correct analysis of the wargaming discourse. After filtering, wargaming forms an
autonomous cluster with military simulation (123 occurrences combined), spatially
separated from serious games — confirming its status as a distinct PME instrument
that requires its own implementation strategy. The convergence of Al methods and
wargaming at the research front (Figs. 3—4) corresponds to practical developments at
NATO PME institutions (GenWar Lab, CGSC Vantage, the Finnish edge Al model)
and creates a leapfrogging window for states starting from scratch. Publication
activity increased fivefold after 2020 (from 25 to 126 publications per year),
signalling the transition of wargaming from a niche practice to the mainstream of
NATO PME. Ukraine is absent from the international co-authorship map (Fig. 5) —
no Ukrainian affiliation reached the threshold of 3 documents. This academic
isolation corresponds with an institutional one: wargaming terminology is present in
8 of 79 regulatory acts (10 %) but operationalized in none; PME course catalogues
(over 13,000 entries) contain no course with a wargaming component. Bridging the
gap requires simultaneous action in three directions: regulatory codification of
wargaming in course catalogues, facilitator training through NATO programmes, and
joint research projects as the mechanism for entering the Scopus map.

The scientific novelty of this study lies in two contributions. It is the first
bibliometric analysis of wargaming in the PME context that employs two-stage
filtering to separate wargaming discourse from the broader «military games» field
dominated by mathematical game theory. It also provides the first empirical evidence
of Ukraine’s absence from the international wargaming research network,
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corroborated by a parallel content analysis of national regulatory acts.

Several limitations should be noted. The analysis relies on a single database
(Scopus); departmental publications and restricted military reports, which may
contain relevant wargaming research, are not captured. The co-occurrence method
maps the field through author-assigned keywords, which may not fully reflect the
substantive content of publications. The co-authorship map measures formal
collaboration at the publication level and does not account for informal knowledge
exchange through conferences, exercises, or bilateral programmes.

Directions for further research. Extending the bibliometric analysis to include
Web of Science and restricted military publications would allow verification of the
identified structural characteristics. Pilot implementation of wargaming at two
HMEIs of different profiles would provide an empirical basis for assessing the
learning effect in the Ukrainian context. Research into the effectiveness of LLM-
adjudication in the free Kriegsspiel format under wartime information security
constraints would determine the feasibility of transitioning to Al-assisted wargaming.
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