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Abstract
Serious games can be used as a means to explore complex systems and uncertainty
related challenges, therefore they may have the potential of supporting the adoption of
innovative and disruptive technologies. In this paper we present the use case of the
Maritime Unmanned Systems Trust (MUST) Game, which goal is to capture beliefs, attitude and perspectives of the participants with respect to the employment of maritime
unmanned systems (MUS) in the maritime domain. This novel game aims at better understanding the relation between trust factors and MUS. Moreover, it explores how players
make decisions with respect to MUS deployments in an increasing threat scenario. This
allows to capture important information on the trade-offs related to MUS use that have
an impact on maritime missions planning activities (e.g., endurance, logistics, maintenance, cost, number of assets, security and type of assets). This paper describes the
game and an analysis of the outcomes of its deployment. The results show how the
MUST Game design has been effective in eliciting constructive discussion around the
use of MUS in maritime missions, as well as in the collection of assessments and decisions, which are currently being used in algorithmic development.

Keywords: Analytical wargame, Maritime Unmanned System, Maritime operations, Trust,
Deployment optimisation factor, Knowledge Acquisition Analytical Games

1

Introduction

Games not for entertainment, to which we will refer simply as games in the remainder of the
paper, can serve different purposes. Regardless of the game sub-discipline (i.e., wargaming,
serious gaming or simulation gaming) the main purpose of a game can be training, message broadcasting and data collection [1]. The data collection games aim at supporting data
exchange, such as “collecting information from [. . . ] players” [1], and the creation of knowledge about a topic of interest. They can be further distinguished in discovery games and
analytical games, if they look at an unstructured problem or a structured problem respectively
[2]. Analytical games are games designed to research a problem [2] and can be used as a
means to explore complex systems and the inherent accompanying uncertainty. In this paper
we present a use case on how to leverage this intrinsic characteristic of games to support the
adoption of disruptive technologies and to design decision support systems (DSSs) associated
to their use. The development of emerging and disruptive technologies (EDTs), such as artificial intelligence and autonomy, is growing in every domain and the issues of trust is an
overarching problem that might hinder their adoption. While the topics and approaches discussed in this paper are applicable in most domains, we will contextualise the discussion into
the maritime one. Specifically, we will present a game that explores the problem of employing maritime unmanned systems (MUS) into maritime operations. In fact, MUS are moving
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towards higher levels of technological maturity, however, it appears that within the maritime
security and defence domain the doctrinal development that would allow their use is still lacking [3]. Although there is not a unique definition, MUS can be defined as an “unmanned
system operating in the maritime environment (subsurface, surface, air) whose primary component is at least one unmanned vehicle. An unmanned vehicle is a [. . . ] vehicle that does not
carry a human operator and can: a. be operated autonomously or remotely; b. be expendable
or recoverable; and c. can carry lethal or non-lethal payloads” [4] (e.g., sensors).
Building trust in MUS, through demonstration and progressive integration of MUS into
training and operations, is highlighted as the main effort in the near future [3]. However, trust
in automation and autonomy is an important and complex mental construct, that goes beyond
mere familiarity and exposure to a certain technology. Other underpinning factors might play
an important role (Section 2.2). Therefore, a comprehensive approach is needed to ensure an
appropriate understanding of such a construct and its operationalisation.
With the goal of better understanding the relation between trust and MUS, contributing to
the human-system integration efforts in this domain, the authors have developed the Maritime
Unmanned Systems Trust (MUST) Game. This is a knowledge acquisition analytical game [5]
that aims at capturing beliefs, attitude and perspectives of the participants with respect to the
employment of MUS. The adoption of MUS in missions could prove to be effective. In fact,
this could lead to an enhancement of situational awareness, reduction of human workload and
enhancement of the operational performances. These systems would complement the manned
platforms, positively impacting persistence, versatility, survivability, risk reduction and cost
reductions [3]. However, many are the elements that decision makers will have to trade-off [6]
at different levels (i.e., strategic, operational and tactical). Therefore, while focusing on trust
in MUS, the MUST Game ensures the collection of relevant information also in relation to
other mission planning factors that are key for the future DSSs, such as endurance, covertness,
logistics, maintenance and cost. Moreover, the proposed operational analysis approach seeks
to employ gaming methods to explore the real world complexities of large scale deployments
of unmanned assets in the maritime. This work describes the game design features as well
as the outcomes of the three Table Top Exercises (TTXs) that employed the MUST Game.
Specifically, the remainder of this paper is organised as follows: Section 2 provides a brief
overview of the use of games for technology investigation and introduces the concept of trust
in autonomy; Section 3 details the design and the components of the MUST Game; Section 4
reports on an analysis of the collected data; and Section 5 summarises the lessons learned and
future work.

2
2.1

Background
The game approach

The MUST Game is an analytical wargame based on the Knowledge Acquisition Analytical
Game (K2AG) approach [5]. K2AGs are games used as knowledge acquisition (KA) tool.
Knowledge acquisition refers to the extraction, structuring and organisation of expert knowledge to be encoded in algorithms and intelligent systems. In the last two decades the potential
use of games for KA has started to gain attention. For example, MovIE WIzard, Book Wizad
and MovIE Gurus [7] aim at using human computing to discover in text narratives relations
between entities, which are hard-to-extract automatically. The SpotTheLink game [8], instead, was developed to motivate users in ontology alignment related tasks. Furthermore, the
OntoGame [9] is a game framework which has the objective of deriving best practices and
guidelines for semantic-content-authoring technologies [8]. Moreover, several methods have
been designed to take advantage of games to collect useful information [10]. Examples in-
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clude games looking at image annotation (e.g., [11], [12]), semantic web (e.g., [9], [13]) and
commonsense KA (e.g., [14], [15]). A literature search shows that the work on games focusing
on human decision-making to support the design of DSSs is limited. In fact, the concept of using games-for-modelling for the acquisition of highly structured domain-specific knowledge
to be used in model-based methods for artificial intelligence (AI) appears in [16]. However,
this work presents generic and preliminary results and it seems that little efforts have been devoted to formalise the approaches. Also the use of games to explore the trust construct appear
to be scarce and not focused on innovative technologies and algorithmic design, but rather on
behavioural aspects. In fact, they focus mainly on the collection of trust information datasets
in the context of supply chains (e.g., [17–19]). Previously successfully deployed instances of
K2AG include the Reliability Game [20, 21] and the MARISA Game [22], which data has
been succesfully used to design algorithms to be employed in intelligent systems on the basis
of cognitive mimetic principles [23]. K2AGs have proven to be very efficient and effective
in terms of knowledge elicitation (i.e. time reduction, experiment simplicity and ability to
extract the required qualitative and quantitative knowledge). Two main gaming aspects that
characterise K2AGs are the use of knowledge cards (KCs) to render information and metainformation to the players and the use of innovative data gathering methods to easily collect
players beliefs. These elements are at the core of the MUST Game mechanics as well. The
MUST Game is a new K2AG which aims at exploring different mental constructs (i.e., trust)
compared to previous K2AGs. Moreover, its goal is to inform the design of decision-support
and planning tools, rather than the fusion algorithms computational strategies. This game
combines the strengths of K2AG with elements typical of Disruptive Technology Assessment
Games [24], such as cards containing information regarding new technologies. A Disruptive
Technology Assessment Game (DTAG) is a table-top seminar game aiming at assessing potential disruptive technologies, through the assessment of their impact on the military operations
and operational environments. DTAG makes use of Ideas of System (IoS) cards that include
information regarding new systems (e.g., new technologies combined with equipment). New
courses of actions are planned by the teams on the basis of the IoS provided and a technology
led confrontation concludes the rounds. This method has proven to be an efficient tool when
assessing early technology concepts and prototypes that have not yet been used in military
operations [24]. However, they are a means to explore a concept, rather than collecting data
that could be modelled in further knowledge engineering efforts. Differently than the previous
K2AGs, the MUST Game is designed to collect data on a wider number of variables present
in the conceptual model of the game, as well as capturing high level considerations on the use
of the new family of systems under examination. Therefore, it enables to explore the depth
and the breath of the challenges of employing disruptive technologies.

2.2

Trust in autonomy

It has been demonstrated how trust is an important mediating factor with respect to the employment of specific technologies, especially in high-risk situations [25]. In fact, low levels
of trust might affect the willingness of humans to rely on information and suggestions provided by the technology, while unreasonable high levels of trust might lead to overreliance
and misuse [26].
Trust can be described as a tripartite relational property [27]. The first one identifies a
component that is stable over time and represents the long-term propensity to trust of an individual. The second component is a state expression of trust, which is mainly a response to
ambient conditions and is volatile. Finally, the third component represent the dynamic nature of trust, describing how trust evolves over time (i.e., trust development and loss). Recent
meta-analysis in the domain of Human-Robot Interaction (HRI) [26] and Human-Automation

International Journal of Serious Games
ISSN: 2384-8766

Volume 9, Issue 2, June 2022
http://dx.doi.org/ijsg.v9i2.492

pag. 96

Interaction (HAI) [27] have investigated the factors influencing the development of trust in
automation and autonomy. Automation and autonomy are two distinct concepts. Automation refers to “technique[s], methods[s] or system[s] of operating or controlling a process by
[...] automatic means, as by electronic devices, reducing human intervention to a minimum”
[28], while autonomy refer to the ability of machines (hardware and software) to perform
independently under significant uncertain conditions for extended periods without external
intervention [29]. Autonomous systems are able to operate with limited or non-existent communication and have the ability to compensate for system failures. Robots in these studies are
treated as a subcategory of automated or autonomous systems that mainly differs from other
systems in the fact that they generally are mobile, affect actions and might have an anthropomorphic appearance [26]. The meta-analysis on trust in HAI lead to a reorganisation of the
moderating and antecedent factors to standardise the proposed model along different types of
partner technology [27]. However, in our study we refer to the original model developed on
HRI studies. This choice is not only correlated with the fact that HRI is the relevant HAI
subset to contextualise the interaction between operators and MUS, but also with the specific
factors that are included in the two proposed models. In fact, the way in which the factors are
clustered appear to be more intuitive to be discussed with the MUST Game participants. For
example, the system-related factors in the HRI framework explicitly refers to system failure
rate, system false alarms and other factors that are of paramount importance in the use of
MUS in missions. The meta-analysis on trust in HRI and HAI were driven by the assumption
that introducing robotic and autonomous systems into human systems might not always result in improved team performance. This led to the need of an analysis of the role played by
trust in this balance. The three-factor model of human-robot trust has identified several underpinning factors (i.e., antecedents of trust) that pertain to three main categories and analysed
how they influence trust development. Specifically, such antecedents can be human-related,
system-related or environmental. Human-related factors refer to either human characteristics
(i.e., demographics, personality traits, attitude towards the systems, comfort with the system, self-confidence and propensity to trust) or ability-based aspects (i.e, attention capacity
or engagement, expertise, competency, user workload, prior experience and user situational
awareness). System related factors include performance-based and attribute-based elements.
The performance-based ones are system behaviour, dependability, reliability, predictability,
level of automation, failure rate, false alarms and transparency. Instead, attribute-based elements include proximity or co-location of system and user, system personality, adaptability,
system type and anthropomorphism. Finally, environmental factors are divided into team collaboration factors (i.e., in-group membership, culture, communication, shared mental models)
and tasking (i.e., task type, task complexity, multi-tasking requirements and the physical environment). Figure 1 illustrates the different factors and their categories. Some trust factors
(i.e., in-group membership, culture, communication, shared mental models, system personality and anthropomorphism) were not included in the current study, as they were regarded
as not applicable to the issue under investigation. In fact, the systems under investigation do
act as tools rather than human-like teammates. The factors not included are depicted with a
dotted contour. Many studies have focused on technology related aspects of MUS (e.g., [30]),
however in this study we focus rather on the human assessment regarding MUS, to better understand the foreseen benefits, potential issues in technology uptake by operators and which
factors are important in the decisions to deploy manned, mixed or fully autonomous forces. In
order to provide the basis for a valuable and wide discussion on the use of MUS in maritime
operations, within the MUST Game the set of factors currently employed in the optimisation
algorithms (i.e., cost, number and variety) has been enriched with the set of trust factors (Section 2.2) applicable to the MUS. This information are expected to inform the next generation
of decision support systems available to operators.
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Figure 1: Three factor model of trust for HRI [26]. The factors with a dotted contour line are
not considered in the analysis conducted through the MUST Game.

3
3.1

The MUST Game
The game purpose

The MUST Game is an analytical wargame, aiming at collecting useful information to support
the development of future maritime Concept of Operations and the continuous development
of decision support tools that will allow decision makers to fully take advantage of the use
of MUS within maritime missions. It is not meant to measure subjective assessment of trust
(e.g., through indirect measurements on constructs such as reliance), as that would require
a different experimental setting than the one proposed by such kind of games. Instead, it
focuses on providing an analysis regarding underpinning factors contributing to trust in a
specific domain and mission type to drive future research and development. Moreover, it has
a message broadcasting secondary purpose. In fact, it aims at discussing how useful advanced
decision support tools might be with respect to these operations. The MUST Game has been
deployed both as manual and as a distributed computer-assisted wargame.
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3.2
3.2.1

Game design
Design approach

The MUST Game design followed the analytical game design framework proposed in [31].
Specifically, it followed an iterative process that led to the definition of a game conceptual
model, a game design model and two game implementation models. One implementation
model refers to the analog version of the game, while the second model refers to the computer
assisted distributed game version. The game development started with a quick prototyping
approach, followed by game verification activities that took place through a series of short
play-testing sessions. The testing has been supported by experts in the field of maritime operations. The next sections describe the design constraints (Section 3.2.2), the world design
(Section 3.2.3), the system design (Section 3.2.4) and the content design (Section 3.2.5), providing the relevant details of the aforementioned game models. Specifically, the world design
refers to “the creation of the overall backstory, setting and theme” [32], while the system design corresponds to the “creation of rules and underlying mathematical patterns” [32]. Finally,
the term content design refers to the “creation of characters, items, puzzles and missions” [32].
3.2.2

Design constraints

The overall objective was to design a game considering a large area of operations. The basic
assumption being that the area of interest has to be surveilled through sensing capabilities in
order to detect the transit of one or more threats with a reasonable degree of certainty. The
scenario had to be tailored in such a way that manned assets are not always readily available
or not able to conduct the required mission for the necessary duration. Therefore, players have
to deploy autonomous platforms in order to augment the limited manned coverage available.
Moreover, the injects are designed in order to induce an initial threat escalation, followed by
the requirement to reduce force escalation. This design choice was driven by the interest in
exploring how changing threat levels could impact the player decisions with respect to MUS
deployment.
Although environmental conditions are important factors in maritime operations and MUS
use, the game only partially explored the topic through the use of a KC related to meteorological and oceanographic (METOC) conditions, mainly because of time constraints on the game
session length. However, minor changes to the information contained in the KCs could be introduced to focus on METOC in future MUST Game deployments. In fact, this could include
decreased detection range assumptions on the basis of worsening underwater conditions.
The COVID-19 pandemic crisis introduced a strong uncertainty with respect to the number, background and location of the MUST Game players. This called for a highly flexible
and modular approach in the game design. Therefore, a modular approach was adopted (Section 3.2.4) that allows to adapt to the change in number of players, while the scenario is quite
generic in order to adapt to the different expertise and experience of the participants. Specifically, the players are free to focus more on tactical/operational aspects or on strategic ones
and the game will support this discussions allowing to capture interesting perspectives (i.e.,
on MUS trust) on the use of unmanned systems at different levels.
From a platform implementation perspective in a first instance it has been decided to
develop the MUST Game in an analog form. This design choice was based on considerations
that include, but are not limited to: (i) the kind of information to be collected; (ii) the kind of
game experience provided to the players, (iii) the resources available and (iv) the limited preevent access to the original TTX facility. COVID-19 break-out lead to the need for adjusting
the game elements design to guarantee compliance with health and safety measures in place
(e.g., personal separation and no exchange of game items between players). Moreover, the
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Figure 2: MUST Game map.

persistence of the restrictions have led to the development of a computerised facilitation tool
that allows the deployment of the MUST Game in a distributed fashion.

3.2.3

World design

The MUST Game scenario is strongly inspired from the High North Matrix Game [33] and
the Bear Rising Matrix Game [34] scenarios, but it focuses on the maritime component. It
presents a fictitious geographical area including the following countries: Grey Land, Yellow
Land, White Land, Orange Land, Green Land and Red Land. Figure 2 presents the map of the
area, with the geographical location of different states. As highlighted on the map the White
Island - Middle Island gap, the Middle Island - South Island gap and the South Island - Green
Land gap are 374 NM, 410 NM and 215 NM respectively.
Middle Island is under the sovereignty of Yellow Land. Grey Land, instead, is located
outside the map on the left. The scenario starts with Grey Land policy-makers assessing
collective defence arrangements with their historical allies (Yellow Land, White Land and
Orange Land), in response to Red Land increasing aggressive military posture in the last
years. Moreover, Red Land ships and submarines originating from the Red Land Naval Base
and sailing into the Big Ocean are posing a serious threat to the allies’ interests. In fact, they
are conducting reconnaissance of allies naval bases and of transoceanic underwater cables.
While returning from an exercise, a White Land military vessel crashes into a Red Land
fishing vessel and the incident results in the sinking of the fishing vessel, several deaths and
casualties. Red Land declares that the allies are threatening its Sea Lines of Communication
and there is evidence that they might deploy troops and coastal defense missiles to the Small
Island, which is a demilitarised area, by virtue of a specific treaty.
The player has the role of a Grey Land military decision-maker that as part of the alliance
is requested to assess on the basis of the available information the threat level and to decide
whether to deploy or not a surveillance barrier. The barrier could be composed by manned assets, MUS or a mixture of manned and unmanned assets collaborating to support the maritime
surveillance task. Moreover, the participant is requested to propose a possible composition of
the deployed forces, choosing from several available assets, and to explain the reasons for the
decisions made.
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Figure 3: MUST Game diagram

3.2.4

System design

The MUST Game has been developed following a modular approach in order to assure the
required flexibility to meet the challenges described in Section 3.2.2. A graphical representation of the different phases is depicted in Figure 3, where we can observe how the modular
approach has been implemented to address the game design constraints (Section 3.2.2).
At the start of the game session the player is introduced by a facilitator to the game objectives and motivations. After this introduction the player is required to fill in a pre-game
questionnaire (Module 1) that allows to collect not only demographic data, but also useful
information with respect to the participant personality traits and characteristics. This information helps characterising the player, hence supports better data interpretation. Specifically,
for the MUST Game we focused on the attitude towards new technology and the natural tendency to engage in effortful thinking rather than heuristic thinking [35]. To determine these
aspects the Affinity to Technology (ATI) [36] and the short Need for Cognition (NFC) [37, 38]
questionnaires have been used respectively. The short NFC questionnaire is an 18-item questionnaire designed to measure NFC, which is a stable individual difference (i.e., a personality
trait) that indicates the “tendency to engage in and enjoy effortful cognitive endeavors” [38].
NFC refers not to the individual’s cognitive ability of thinking, but rather to the motivation to
think, with limited prompts. The motivation, in fact, varies along a continuum from individuals that find satisfaction in thinking (i.e., high NFC) and individuals who engage in thoughtful
and effortful thinking only if incentivised [35]. Psychology research has widely investigated

International Journal of Serious Games
ISSN: 2384-8766

Volume 9, Issue 2, June 2022
http://dx.doi.org/ijsg.v9i2.492

F. de Rosa et al., Games to support disruptive technology adoption: the MUST Game use case

pag. 101

the link between NFC and individual’s behaviors and attitude, therefore, the reader is referred
to the relevant literature for additional details. The ATI 9-item questionnaire is used to assess
an individual’s tendency to actively engage in intensive technology interaction. ATI is a key
facet of user characteristics used in research on technology interaction [36]. For example, it
supports general research models of user-technology interaction, user experience and technology acceptance. In this game we propose to measure ATI as a means to characterise the
players of this analytical game which is specifically designed to assess which and how new
technologies might be employed in maritime operations. In fact, it is assumed that this personality trait might impact the data collected from the participants. Therefore, the measurement
of ATI could support the analysis of such data. NFC and ATI are consider stable individual
constructs to understand better the characteristic of the player, but do not measure trust in
unmanned systems. In fact, the specific construct of trust is explored through the mini-game
and main game.
Once this first data collection has been concluded participants perform a mini-game with
a set of trust factors cards that report details on the trust factors considered into the MUST
Game (Section 2.2). The mini-game is a gamification of a card sorting exercise (Module 2)
where participants ordinal-rank these factors from the most important to the least important
when it comes to trust in MUS. This exercise acts both as a data collection module, but also
as a familiarisation exercise that allows the player to get exposed to the trust factors and start
discussing about the topic. Then the players are introduced to the game core, game rules and
game scenario (Section 3.2.3).
Each game session is composed of one round in which nine knowledge cards (KCs) are
provided one at the time to the player. Each time the player receives a new knowledge card, the
amount of information regarding the situation available to the players is updated. Therefore,
they are requested to repeat the series of assessment regarding: (i) the threat level, (ii) the
decision on the barrier deployment, (iii) the decision on its compositions and (iv) the factors
that played a major role in this decision.
If the game is played in single-player mode, the participants are requested to fill in the data
recording sheet (see Section 3.2.5) for the corresponding knowledge card and are encouraged
by the facilitator to share all the relevant information related to their decisions (Module 3A).
Instead, if the game is played in a multi-player mode, the participants can play either individually or as a team. In the first case they will be requested to compile the data recording sheet
for each knowledge card and take notes regarding their decisions, to be discussed later in a
seminar like setup after the last recording sheet has been compiled by all players (Module 3B).
In the second case they will discuss each knowledge card together and will provide a consolidated answer for each knowledge card once consensus in the team has been achieved (Module
3C). The selection of the multi-player mode relates to the data collection and research objectives. In fact, a confrontation of the different perspectives of the players during (or soon after)
each assessment phase might influence the decision-making cycle of the players in the next
iteration. Therefore, if the focus is on the single player reasoning, rather than on the consensus
assessment the individual mode should be adopted (Module 3B), alternatevely the consensus
mode should be selected (Module 3C).
As for other K2AGs the KCs convey a message (M ). However, differently than in other
K2AGs the knowledge cards contained only an information (I), while no additional metainformation about uncertainty related factors was provided (i.e., source reliability, information
credibility, information trueness, information precision). Sources of information are assumed
reliable for the purpose of this game and the information provided through the knowledge
cards is always true. This design decision was driven by the need of collecting data related to
a wide space of variables without the additional layer of complexity brought by information
uncertainty factors. Future work could explore how additional degrees of uncertainty could
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Variable
T hreat
DepP rop
DepDec
F orceT ype
F orceComp

Description
Threat level
Deployment propensity
Deployment decision
Force type
Force Composition

P OF
DF

Primary optimisation factors
Additional decision factors

M
I

Message conveyed by a card
Information conveyed by a card

IT
SR

Information trueness
Source reliability

Frame
{High, Medium, Low}
{Deploy, Not Deploy}
{Deploy, Not Deploy}
{Manned, MUS, Mixed}
{Frigate, Replenishment, Support platform,
Destroyer, Large displacement UUV, Medium
displacement UUV, Small displacement UUV,
Large USV, Medium USV, Underwater glider,
Wave glider}
{Cost, Variety of assets, Number of assets }
{Attention capacity, Expertise, Competency,
User workload, Prior experience, User situational awareness, System behavious, Dependability, Reliability, Predictability, Level of Automation, Failure rate, False alarms, Transparency, Co-location of system and user, System personality, Adaptability, System type,
Task type, Task complexity, Multi-tasking requirements, Physical environment, Safety, Security, Endurance, Deployment time}
{M1 , . . . , Mk }
{Relocation of forces, Allies assets, Convoy
plans, Threat detection, Intelligence report on
threat, METOC forecast, Order of force escalation reduction, Plans of future convoy, Prediction of threat position}
{True}
{Reliable}

Table 1: MUST Game state
Variable
T hreat
DepP rop
DepDec
F orceT ype
F orceComp
P OF
DF
M

Description
Threat level
Deployment options
Deployment decision
Force type
Force Composition
Primary optimisation factors
Additional decision factors
Message conveyed by a card

I

Information conveyed by a card

IT
SR

Information trueness
Source reliability

1
2

Frame
Assessed1
Assessed
Assessed
Assessed
Assessed
Assessed
Assessed
Provided2 for M1 to Mn
Not Provided for Mn+1 to Mk
Provided for M1 to Mn
Not Provided for Mn+1 to Mk
Provided
Provided

Assessed = player has to assess the item and communicate it to the facilitator;
Provided = item value provided to the player; Not Provided = item value not provided to the
player;

Table 2: MUST Game view for game iteration n
impact the player assessment. Table 1 summarises the relevant variables of the game model
that might change during the gameplay, known as game state [32]. Let us define as n each
iteration within the individual modules (Module 3A, Module 3B or Module 3C). An iteration
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Figure 4: Example of a trust factors card (green) and a knowledge card (blue).
corresponds to the injection of a new knowledge card, followed by a new player assessment
phase. Therefore, n = 1, . . . , k where k is the maximum number of knowledge cards. The
portion of the game state that is visible to the player in each n, known as game view [32],
remains unaltered with the exception of the one referring to the knowledge card (M and I).
The game view is summarised in Table 2. The sequence in which the knowledge cards are
presented is kept constant to allow a comparison across the different participants.
At each iteration n the players have to record the outcomes of their assessments on the
data recording sheet and explain the reasons behind the assessments, either while performing
the assessment or in the confrontation module.
Finally the players are requested to compile the post-game questionnaire (Module 4),
which aims at collecting general feedback as well as data regarding the player experience,
usability of the game as a tool and players workload. The post-game questionnaire makes use
of a mixture of validated methods. Specifically, it employs the MEEGA+, which is an update
to the Model for the Evaluation of Educational Games (MEEGA) [39], the Questionnaire for
User Interaction Satisfaction (QUIS) [40] and the NASA Task Load Index (NASA-TLX) [41].
3.2.5

Content design

The participants all have their own game set, which is composed by: (i) a set of trust factors
cards; (ii) a set of k maps; (iii) a set of k knowledge cards; (iv) a set of k data recording
sheets; (v) a set of unmanned asset cards; (vi) a set of manned asset cards; (vii) a set of
decision support cards.
The trust factor cards (Figure 4), which are used in the card sorting exercise, include a
trust factor each and the additional information regarding the element to which they relate
(i.e., human-related, robot-related or environmental) and the type factor (i.e., ability based,
performance based, attribute based and tasking) [26]. The card sorting exercise is used instead
of a simple questionnaire, as element sorting is easier than numerically ranking twenty-one
elements in a list.
Differently than in many manual games, where a map is provided and counters and tokens
are positioned on it during gameplay, due to COVID-19 restrictions and the need to minimise
objects touched by different persons, each participant has a set of maps printed on paper. Every time a new knowledge card is received the player is allowed to see the following map,
which has increasing information displayed on it, that refer to the new information received
through the card. The maps can also be used by the players to annotate relevant information that pertains to the specific game iteration (i.e., asset operating areas). A set of manned
assets cards and a set of unmanned assets cards (Figure 5) are provided to support players
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Figure 5: Example of MUST Game manned and unmanned assets cards
assessments. These cards report high-level information regarding the different assets, such as
numbers available and performances (i.e., speed, endurance and detection range).
Once a knowledge card (Figure 4) is received and the corresponding map is accessed by
the players, they need to start their individual set of assessments and decisions. These are
self-recorded on data collection sheets, which are depicted in Figure 6. The data recording
sheets are divided in different areas that somewhat correspond to the decision-making steps
performed by the players along the game. Specifically, the areas are:
D1 - Threat level: the threat assessment area, where players record their belief regarding the
threat level (i.e., high, medium and low);
D2 - Deployment: the deployment decision area, where players record their propensity towards one of the two decision options (i.e., deploying assets and not deploying assets)
and the decision in that specific iteration;
D3- Asset type: the force type assessment area, where players record their belief regarding
which force type could be more appropriate in the current situation (i.e., manned, MUS
or mixed);
D4 - Asset selection: the force composition assessment area, where players record the number of assets per type they would deploy; their position can be marked on the corresponding map;
D5 - Optimisation: the optimisation assessment area, where the players record whether in
their decision regarding the deployment they were trying to minimise one or more of
the decision factors listed (i.e., cost, asset variety and asset numbers);
D6 - Factors: the deployment decision factors area, where the players state if there are additional factors (i.e., the trust factors, safety, security, endurance and covertness) that
played a major role in the previous decisions;
D7 - Comments: the comment area, where players can take notes.
To play the MUST Game in a distributed fashion a facilitation tool has been designed
that allowed to visualise all the game elements (e.g., maps and knowledge cards) at the right
step of the game, which was facilitated online (Figure 7) via commercial video conferencing
platforms.
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ASW FRIGATE:
REPLENISHMENT:
SUPPORT PLATFORM:
DESTROYER:
LARGE DISPLACEMENT UUV:
MEDIUM DISPLACEMENT UUV:
SMALL DISPLACEMENT UUV:
LARGE USV:
MEDIUM USV:
UNDERWATER GLIDER:
WAVE GLIDER:

Figure 6: MUST Game data recording sheets

Figure 7: The MUST Game Distributed Facilitation Tool main screen and gaming screen
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Parameter
Participants number
Gender
Male
Female
Age
Average
Standard dev.
Status
Military
Civilians
Nationality
Australia
Belgium
France
Germany
Italy
Portugal
Spain
The Netherlands
United Kingdom
United States
Year of relevant working experience
Average
Standard dev.
1

Manual game sessions
7

I distributed TTX
5

II distributed TTX
18

57%
43%

80%
20%

89%
11%

47.6 years
11.4 years

-

45.6
10.4

50%
50%

100%
0%

72%
28% 1

0%
0%
0%
0%
47%
0%
0%
0%
0%
43%

0%
0%
0%
20%
0%
0%
80%
0%
0%
0%

6%
6%
6%
6%
6%
11%
0%
6%
33%
22%

24.7 years
11.2 years

-

21.7
10.9

Most civilian participants had a military background

Table 3: MUST Game participants demographic information (for the distributed session some
demographic information has not been provided)

4
4.1

Playing the MUST Game
The Table Top Exercises

The pandemic crisis impacted the game design as well as the game deployment. Therefore, the
TTX was performed as a distributed activity, where the term distributed does refer both to time
and location. Specifically, several game sessions have been played over a time frame of eight
months, when circumstances allowed for it. In the first TTX, the manual version of the MUST
Game has been played in a series of game sessions with the participation of a small sample
of players with relevant expertise in the field. The players are either military or scientists
invited to participate because of their background in maritime operations and autonomy. One
game session involved two players, while the remaining ones were single-player sessions. In
most cases the single-player mode was selected, as a consequence of the reduced physical
attendance of personnel at the game premises in response to COVID-19 limitations.
The computer assisted MUST Game, instead, was used to run two distributed TTXs. The
first TTX took place with participants from NATO standing maritime forces as part of a wider
military exercise. A second distributed TTX has been organised in which participants were
appointed by several national and NATO delegations to the NATO MUS Initiative in response
to a NATO calling notice. Table 3 summarises the demographic information of the players.
Although there are no specific constraints on the number of players that can participate in a
multi-player session, in the second distributed TTX players were divided into four groups. In
fact, we wanted to ensure the engagement of each player without periods of inactivity and to
limit the session length at maximum four hours.
It should be noted that during the first computer assisted TTX the participants were requested to play individually, however, they strongly insisted to play as a team and because
of the flexibility of the MUST Game design this was allowed. Therefore, although we have
been able to capture distinct aspects of the individual assessments while they were talking and
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Frequency of play
Never
Rarely: from time to time
Monthly: at least once a month
Weekly: at least once a week
Daily: every day

Digital games
33%
44%
6%
17%
0%
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Manual games
17%
50%
17%
17%
0%

Table 4: MUST Game participant gaming expertise characterisation
reaching a consensus regarding the answer to be provided, the data collected in this session is
treated as the one provided by a single participant in the next sections.
In addition to the demographic information, pre-game data has been collected that allowed
to characterise the player with respect to their propensity towards playing games, their affinity
to technology and their need for cognition. The data on the frequency at which participants
play games showed that they are not often playing games (Table 4). This information is
important as it might give useful insight on the interpretation of the usability and PX data
collected. Moreover, it might help the facilitator in characterising the player gaming expertise
and to adapt the facilitation style.
With respect to the other data collected, it has been possible to observe that all the participant (except one) have shown a high level of affinity to technology (average MAT I = 4.15 out
of 6, standard deviation SDAT I = 0.24). This indicates that the participants have a natural
tendency towards the interaction with technology (i.e., explore new technical systems).
Finally, all the participants exhibit a high level of NFC. A high level of NFC has been
demonstrated as being positively correlated with engagement in thinking with little prompting,
higher likelihood of careful and systematic processing of information (e.g., [37, 38]) and
openness to experiences (e.g., [42]). These aspects play an important role on the attitude of
the participant to the game, on the game facilitation and the in-game data collected.

4.2

Post-game data and game validation

Post-game data has been collected in order to support the validation activity of the MUST
Game, as well as collecting general feedback from the participants. Figure 8 shows the results
of the answers of the players on several questions related to the usefulness of decision support
tools (DDSs) for the use of MUS and the relevance of the MUST Game. The answers are
provided on a five-point Likert scale ranging from not at all to extremely. We can easily
see how the players regarded the availability of DSSs as highly useful (i.e., 86% extremely
useful and 14% very much useful) as the tasks to be performed are difficult to plan (i.e.,
32% extremely difficult, 37% very much difficult and 31% moderately difficult). The MUST
Game is considered sufficiently realistic (i.e., 5% extremely realistic, 47% very much realistic
and 42% moderately realistic) and its purpose was easily understood by the players (i.e.,
11% extremely well understood, 74% very much well understood and 11% moderately well
understood). Moreover, the players considered the topics explored with the MUST Game
as operationally relevant (i.e., 37% extremely relevant, 53% very much relevant and 10%
moderately relevant). The percentages reported account only for the compiled questionnaires
received. In fact, some participants did not provide the feedback through the questionnaire,
but rather in free text format. Nevertheless, their qualitative assessments aligned with the one
provided in the feedback questionnaire.
The results of the questionnaire regarding player experience (PX) are summarised in Table
5. They show an overall good level of PX. In fact, we can see how the game as an artifact
was considered adequate (e.g., game element design, colors, fonts, content), especially in the
manual version. The game was perceived as easy to learn, engaging, appropriately challenging, not monotonous and governed by clear and easy rules. As expected, the game did not
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Figure 8: Overall feedback provided by the players

provide a strong immersive experience, as that was not the aim of this analytical wargame. In
some cases the game scored low with respect to the social interactions components. This last
point is due to the fact that in most sessions of the first TTX the game was administered as
a single-player game. However, a very positive feedback on the social interaction aspect was
provided by the players of the distributed computer-assisted game version (second and third
TTX). It was highlighted that this experience provided them an important and quick training
opportunity, which allowed to confront themselves with colleagues with different nationality
and backgrounds. In fact, the need to reach a consensus starting from different perspectives
was considered the first time in which they had the opportunity to interact in this manner with
the other participants in a safe-to-fail environment. This feedback supports the perspective
expressed in [43] which consider every wargame, including analytical wargames, as having
an intrinsic training and educational component.
The method proposed was very well perceived by the participants, which judged it as
valuable, thought provoking and encouraging “outside-the-box” thinking. It was stated that
although wargaming was not new to them, the proposed approach was more effective and
efficient as it was “simple, quick and strait to the point”. The players had fun, were satisfied
by the experience and would recommend it to colleagues. Moreover, they perceived the game
as an adequate knowledge acquisition method. Overall they appear to prefer gaming over
other means as an elicitation mean (i.e., questionnaires). However, it appears that not all the
players clearly understood how the content of the game and the stated objective are related.
This actually supports the fact that the game is a useful and easy way to interact and elicit
players knowledge on complex aspects. In fact, the game is purposely designed to render
the elicitation task as natural and simple as possible, without exposing the participant to the
complexity of the game model, which is designed to address the research objectives. However,
additional communication strategies could be explored in order to ensure that all the players
might gain a broader awareness on how the game is addressing these objectives, potentially
also enhancing their learning performance.
From a workload perspective the NASA TLX questionnaire provided positive results. In
fact, it appears that the overall workload score is 33, were the major contributions as expected
were related to mental demand (score of 48), performance demand (score of 65) and the effort
demand (score of 40). Low scores, instead, were obtained for physical demand (score 4),
temporal demand (score 21) and frustration (score 21).
To ensure that the research design produces findings that contribute to the intended knowledge [44] we assessed the knowledge utility, interpreted as the extent to which the game “generates findings that actually measure what the researcher intended to measure” [44]. The analysis of the collected data shows where and how the collected expert knowledge contributes
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Agree

Neither disagree nor agree

Disagree

Strongly disagree

Question
Completing the game tasks gave me a satisfying feeling of accomplishment.
I feel satisfied with my contribution to the stated game objective.
I felt good interacting with other players during the game.
I forgot about my immediate surroundings while playing this game.
I had fun with the game.
I needed to learn a few things before I could play the game.
I prefer to perform knowledge acquisition through other ways (e.g.
questionnaires).
I think that most people would learn to play this game very quickly.
I think that the game is easy to play.
I was able to interact with other players during the game.
I was so involved in my gaming task that I lost track of time.
I would recommend this game to my colleagues.
It is clear to me how the contents of the game are related to the
objective.
It is due to my personal effort that I managed to advance in the
game.
Learning to play this game was easy for me.
Something happened during the game (game elements, competition, etc.) which made me smile.
The colors used in the game are meaningful.
The contents and structure helped me to become confident that I
would suppor the stated objective with this game.
The fonts (size and style) used in the game are easy to read.
The game contents are relevant to my interests.
The game design is attractive (boards, cards, etc.).
The game does not become monotonous as it progresses (repetitive
or boring tasks).
The game promotes cooperation and/or competition among the
players.
The game provides new challenges (offers new obstacles, situations
or variations) at an appropriate pace.
The game rules are clear and easy to understand.
The text font and colors are well blended and consistent.
There was something interesting at the beginning of the game that
captured my attention.
This game is an adequate knowledge acquisition method for the
task.
This game is appropriately challenging for me
When I first looked at the game, I had the impression that it would
be easy for me.
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11.11%

55.56%

22.22%

11.11%

0.00%

16.67%
22.22%
5.56%
44.44%
27.78%
0.00%

50.00%
33.33%
11.11%
38.89%
44.44%
22.22%

33.33%
33.33%
27.78%
5.56%
11.11%
38.89%

0.00%
5.56%
44.44%
5.56%
16.67%
27.78%

0.00%
0.00%
11.11%
0.00%
0.00%
11.11%

22.22%
33.33%
38.89%
11.11%
27.78%
22.22%

66.67%
55.56%
22.22%
22.22%
44.44%
44.44%

0.00%
5.56%
22.22%
27.78%
16.67%
22.22%

11.11%
5.56%
5.56%
27.78%
11.11%
11.11%

0.00%
0.00%
11.11%
11.11%
0.00%
0.00%

0.00%

22.22%

55.56%

22.22%

0.00%

38.89%
33.33%

55.56%
38.89%

0.00%
16.67%

5.56%
5.56%

0.00%
0.00%

22.22%
11.11%

27.78%
50.00%

33.33%
22.22%

16.67%
5.56%

0.00%
0.00%

33.33%
38.89%
38.89%
22.22%

50.00%
55.56%
44.44%
66.67%

0.00%
0.00%
16.67%
11.11%

11.11%
5.56%
0.00%
0.00%

5.56%
0.00%
0.00%
0.00%

5.56%

27.78%

44.44%

16.67%

0.00%

33.33%

38.89%

22.22%

5.56%

0.00%

27.78%
27.78%
22.22%

44.44%
55.56%
55.56%

22.22%
11.11%
22.22%

5.56%
5.56%
0.00%

0.00%
0.00%
0.00%

16.67%

33.33%

44.44%

5.56%

0.00%

16.67%
16.67%

50.00%
50.00%

11.11%
22.22%

22.22%
11.11%

0.00%
0.00%

Table 5: Overall player experience (PX) of the participants of the three TTXs

to the stated objective of the MUST Game. Specifically, we have been able to collect data
on the relevant problem variables as identified by the game conceptual model (see Section 3).
Moreover, after the conversion of the collected data into subjective probabilities following [5]
we observed how the assessments changed in the different steps of the game. For example,
Figure 9 illustrates how the deployment propensity, asset type selection and importance of
optimisation decision factors changed with the assessed threat level along the turns played by
two different players (Player A and Player B). The results of the analysis align with the validity concept of defence experiments as proposed in [45]. In fact, we have shown the ability to
employ the new capability (i.e., the MUST Game), to detect the change during the experiment,
to isolate the reason for change (e.g., evolving threat level) and to relate the results to actual
operations. Specifically, the data collected has been analysed to extract the features relevant
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Participant A - threat assessment and
deployment propensity

Participant B - threat assessment and
deployment propensity

Participant A - asset type selection

Participant B - asset type selection

Participant A - optimisation decision
factors importance

Participant B - optimisation decision
factors importance

Figure 9: Examples of players’ individual threat assessment (green = low, yellow = medium
and red = high), propensity towards deployment (black line) and the decision to deploy (white
dot).
to the current algorithmic development efforts and is currently further investigated to build the
corresponding computational model.

4.3

Additional observations on the MUST Game design

The game appears to be sufficiently intuitive to start the conversation soon after the introduction to the scenario. The pre-game data collection phase, in which players are ranking the
trust factors, appears to meet both objectives of familiarising with these factors and collecting
useful data with respect to the players subjective assessment of their importance. Moreover,
it acts as a useful ice-breaker at the start of the game.
In most sessions the facilitator had to perform also the role of the data collector. Although
the data collection sheet was created with the intent to maximise the data recorded by the
player itself, the amount of unstructured data collected appears to be considerable, which on
one side made it complex for the facilitator to perform both tasks, but on the other side shows
the effectiveness of the MUST Game as a means to stimulate the discussion and elicit the
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required information. The level of abstraction selected for the scenario, knowledge cards and
technology cards appears to be adequate to stimulate relevant discussions, while making the
game flexible to adapt to the level of analysis where the player feels more comfortable. In fact,
depending on the kind of player the discussion converged more towards tactical considerations
or higher level operational aspects, with some incursions into the strategic level.
Depending on the number of players the time required to play the full game, including the
pre-game and post-game data collection, appears to be bounded between three (3) and four
(4) hours. It is interesting to notice that while it was expected that multi-player distributed
sessions would require more time, those sessions require less time than the sessions run in
presence. This might be related to the more strict game control that needs to take place in
the distributed environment as well as an increased tendency towards open discussions when
physical co-location occurs.
During the first computer-assisted TTX the participant insisted in providing the results
in an aggregated consensus format, reached after consultation and confrontation between the
players (Module 3C in Figure 3). This had the undoubted advantage of generating discussion
between them, which was perceived as a useful training session from the player perspective,
as they were all militaries of a multi-national group. However, there should be a preliminary assessment to verify if this result is in line with the data collection and overall research
objectives. In fact, the problem at hand might require to collect the subjective assessments
before consensus reaching. Moreover, this data might be a useful support in the analysis
phase, for example if the analyst did not follow the full interaction (e.g., due to communication issues). Therefore, if the individual assessments are needed the designers should carefully
assess strategies that might incentivise participants to submit individual results. The second
distributed TTX was run following the approach outlined in Module 3B of Figure 3, where
individual assessments on the single KC were followed by a group confrontation, which generated valuable insights on the problem.

5

Conclusion

This paper shows how analytical games could be used to support the development of concept
of use and decision support tools related to innovative and disruptive technologies. Specifically, it presents the use case of the Maritime Unmanned System Trust (MUST) Game. The
game has been able to capture how participants with different background and expertise perceive the use of MUS in maritime operation scenarios with an evolving threat level. From the
decision made by the players and their explanations we have been able to observe and record
players’ perspectives on aspects related to the peculiarity of the use of MUS in the maritime
compared to other warfighting domains, potential barriers to uptake and which factors (i.e.,
cost, variety and number) have a stronger impact on the decision-making process. Furthermore, the results appear to shine an interesting light on the perceived importance of the trust
factors, which could have relevant implications on directing future research and development
efforts of these technologies. The outcomes of the deployment of the game in three exercises overall demonstrate that the MUST Game is effective in eliciting constructive insights
around the use of MUS and very positive feedback has been received on the potential future
employment of this approach to explore more in-depth the aspects of interest related to MUS
employment in maritime missions. Future work will explore the exploitation of the in game
data to inform the design of the models to be included in dedicated decision support tools. The
concepts and proposed approaches have been contextualised into a maritime scenario making
use of MUS. However, they are generic and could be applied to many other domains, as well
as other EDTs. Therefore, future work could consider to adapt the game to other contexts.
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