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Featured Application: The present paper introduces a methodology based on situated psychological
agents that can be fruitfully applied to design and implement educational games, as it permits to
represent the flows inside the game on the educational, psychological, and pedagogical level while
detailing agents’ features at a psychological level.

Abstract: In recent years, the ever-increasing need for valid and effective training to acquire
competences in multiform contexts has led to a wide diffusion of educational games (EG). In spite
of their diffusion, there is still a need to reflect on the design process that should embed the games’
pedagogical potential and the instructional process in the entertainment scope. Moreover, as building
EG, especially in digital environments, is an enterprise that involves specialists with different expertise,
it can be useful to have a shared methodology that is easily understandable and usable by many users.
In this paper, we propose to use situated psychological agents (SPA) as a methodology to design
and build effective EG and show how to represent games in terms of SPA and their interactions by
diagrams and describe different examples of how this approach has been applied.
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1. Introduction

Education is a key step and challenge in every society as successfully preparing future citizens
in terms of knowledge, skills, and competences strongly affects the competitiveness at an individual
and collective level. Not by chance, European Commission is tracing indications to strengthen human
capital [1] so that everyone may have a key set of competencies that allow personal fulfillment and
include transversal skills, such as digital competence and entrepreneurship competence.

Competences are more easily acquired through pedagogical models that favor the active
involvement of the learner in the acquisition process [2—4] thus, opening the way to innovative
educational strategies, including educational games (EG) [5-8]. Moreover, the introduction of
information and communication technologies has led to a revolution in education concerning different
aspects, for example, the tools that can be used for education, the places where education can happen,
the possibility to interact with an incomparable higher amount of learning resources and educational
figures. ICT has brought to the evolution of new approaches such as technology-enhanced learning
and game-based learning [9,10].

It means, for example, that a learner, child or adult, can now access not only books, one of the
most used learning sources for a very long time, but also additional multimedia contents, simulations,
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and social media to obtain information. The world where education takes place is no more limited
to the physical classroom but is expanded to cover potentially an unlimited world, in terms of space
and time, that is totally or partially virtual. If we consider the tools that have been introduced in the
educational context, it seems that, in spite of their wide diffusion, there is still a need to reflect on the
methodology to design, implement, and use them in a learning scenario.

In more detail, it can be a useful reflection on the methodology to design and implement
educational games, as an effective methodology should permit to have a shared formal representation
of the main game elements, of their connections and their interactions.

In what follows, we will propose a methodology that meets this requirement, which is based on
the situated psychological agents (SPA) approach, connecting it to the EG design process.

2. Educational and Serious Games: The Design Process

Serious games are games that educate, train, and inform, to use the title of the highly cited paper by
Michael and Chen [5]. Since the first book by Abt [11], which referred to card and board games, serious
games have become digital and have strongly affirmed their educational potentials [12,13]. This fact
forces to critically reflect on this kind of games, as they intervene in the learning process in a way that
has not been faced yet in traditional learning theory and typical game theory as well. Many remarkable
theoretical frameworks have been proposed, also recently, to satisfy this need. Among these, it is
useful to cite the learning mechanics-game mechanics model [14], which draws a set of pre-defined
game mechanics and pedagogical elements abstracted from the literature and connects them to identify
the main pedagogical and entertainment features of a game. This work highlights the fundamental
game mechanics and how they are translated into learning mechanics. Also noteworthy is the activity
theory-based model of serious games [15] that provides a useful representation of EG, with game
elements, their connections and their contribution to pedagogical goals achievement. These works
have the value of trying to answer the question of how the concrete components of the game should be
structured to support learning and which elements are crucial to address the design process.

The design process, indeed, is extremely important in determining EG success.

The starting point of each designing enterprise is to clarify what is the goal to be reached. In the
case of games, the questions are “What is the goal of the game? What the player can do?”. In the case
of entertainment games, some typical objectives are:

Erase: The player must “eliminate” the opponent, such as chess and checkers game;

Solve: The player must find a solution to a puzzle or answer a question: Examples are Cluedo or
Trivial Pursuit;

Chase: The player runs towards or away from someone or something. One famous example is
the video game Super Mario Bros;

Build: The player has to build something: A house, a city, an empire, as in The Sims, Civilization,
and Age of Empires.

On the other hand, if our goal is to build EG, where the educational aspect is crucial, the designers
have to specify also “What is the learning goal of the game? How it can be achieved by actively
involving the player?” In this case, help can come from learning theory. For example, Bloom’s updated
taxonomy [16,17], which is commonly used to describe learning goals and includes remembering,
understanding, applying, analyzing, evaluating, and creating, can help focalize what the EG aims
at leading the player to. After the learning and game objectives are defined, the design must define
three fundamental and interconnected levels: The shell level, the core level, and the educational
level. It represents a multi-level approach for design, where there are two concentric levels, the shell,
and core level and a ubiquitous one, the educational level, also named evaluation and tutoring level [2].
The level interconnections are represented in Figure 1.
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Figure 1. A multi-level approach for game design with shell, core, and educational level. Shell and core
levels can be found in every kind of game, whereas the educational level characterizes educational games.

2.1. The Shell (Game Narrative) and Core (Game Mechanics) Levels

The shell and the core levels are present in every game, and in almost every cultural product
as well. The shell level represents the visible content that is immediately accessible to the player.
It frames the game dynamics within the core level. The educational level, even if it is present in many
entertainment games, is explicitly characterized in educational and serious games, as it allows, on the
teacher’s side, to understand if and how the player/learner has acquired the concepts conveyed by the
EG and, in some cases, directly intervenes in the learning process.

At the shell level, superficial and visible, we find the game narrative. EGs, like many other
cultural products, are expressed through a narrative metaphor. It is, therefore, important to define who
are the characters, what actions they can perform, what interactions are possible between characters,
and the environment within which those actions take place. If we adopt a theatrical jargon, the plot,
the scenario, the roles, the setting are aspects to be defined.

It is widely recognized that narration is a key aspect in human cognition [18], and it is, therefore,
possible to find it in a wide variety of cultural products, such as fairy tales, movies, news, to cite some.
Games, as cultural products, share this feature and then narration is present in games too [19]. As an
example, the characters can be two armies in the chess game, the scenario can be a futuristic world in a
videogame, the plot can be an interaction between relatives in a role-playing game. In the well-known
game of Monopoly, for example, a pair of dice are rolled to move a player’s piece around the board.
Buying and trading properties mean to represent real estate trading that strongly helps to engage the
player in the negotiation. The shell level, where narrative resides, keeps a hidden level with specific
mechanisms and rules: This hidden level is called the core. Adopting a term that is commonly used in
the context of videogame creation and development, this deep level is the game engine [20]. The game
engine allows implementing core functionalities related to game dynamics, for example, related to
physics, animation, artificial intelligence, etc.

These levels interact: One level can have strong effects on the other. The narrative provides a
framework where the hidden content lives, as it was in a shell, as suggested by the name.

In the context of EG, the shell level is essential to provide a semantic context to the educational
activities, whereas the core level is related to skills, abilities, competences to be transferred, and to the
relevant learning objectives. It is interesting to note, as hinted at before, that the concepts of core and
shell levels are present in every kind of game, not just in educational games.
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2.2. The Educational Level

In EG, a relevant role is played by the educational level, which includes evaluation and tutoring
activities, with the explicit educational goal to allow students to accomplish specific learning outcomes.
It is, therefore, important to pay attention to the design process of such a key function. Together with
this, all design decisions at all levels should be harmonized in order to provide a meaningful learning
tool, as shown in Figure 1.

At the educational level, the evaluation function analyzes players’ game performances relative to
the specified training objectives and provides the players and the trainer with important information
and data about the learning process. At this level, we find learning analytics, which is the measurement,
collection, analysis, and reporting of data about learners, intending to improve the learning process as
well as the environment in which it occurs. Despite some challenges that can derive from the effort of
introducing learning analytics in EG, nonetheless, studies report that this effort can be useful to achieve
greater effectiveness and measurements of progress in learning [21-23]. Paraphrasing Siemens’s
words [24], learning analytics is the use of intelligent, learner produced data, and analysis models to
discover information and social connections for predicting and advising people’s learning. From the
teacher’s perspective, this level is fundamental because it supplies specific tools and functions to
support the training process.

3. Agents in EG and the SPA Approach

The ubiquitous presence of interacting artificial and real actors at each level, together with the
importance of the narrative, recalls the theatrical metaphor already presented for the shell level.
From the educational point of view, this metaphor is extremely powerful to represent interactions
between the various actors of the educational process in EG. However, the theatrical metaphor
effectively applies to all kinds of educational games only when agent’s conception and design is based
and inspired to psychological models, as they ultimately make choices, take decisions, and act within
the environment they live in [2].

Indeed, the various actors populating the different stages of an EG, at the shell level (users,
learners), core level (interactions between actors), and educational level (trainers, educators, tutors)
can be represented as agents with different features and functions. If we think of EG, it is evident that
the people involved in the learning process are a key element both on the educational and game side.
Almost every educational situation is characterized by interactions between the learner, at the center,
and the people involved in the whole educational processes, both in formal (teachers, educational
designers, tutors etc.) [25] and informal contexts (parents, peers, etc.) [26-28]. Nevertheless, the kinds
of interactions that specify the educational settings can be varied and show specific nuance that every
methodology aiming at modeling the educational process should take into account.

By looking at Figures 2 and 3 we can see two different implementations of an educational process.
The first one is usually observable in children who learn with a teacher through multisensory experience.
It is characterized by well structured educational materials [29-31], e.g., a Montessori-inspired
classroom [32] and a well-structured environment. In this case, the teacher can be modeled as an agent
that we can call generically trainer and directly affects learners’ activities. In this view, the environment
within which the learner acts as the playground of the learning process. The trainer provides external
guidance and support during the play, thus allowing a full understanding at the cognitive level.
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Teacher: agent that affects
the learner without
accessing the playground

Figure 2. Learning interactions in a Montessori-type environment.

Psychologists, observers,
trainers, et.: agents that
affect learning without
interveningon the scene in
the playground

Figure 3. Moreno role-playing games.

The second situation comes from Moreno’s role-playing games [33] where the learner acts exactly
as an actor, by evolving the scene on the stage according to a given script.

Role-playing games simulate a social situation in which users are asked to cover and interpret
specific roles to develop a certain competence, such as effective communication or negotiation [34-38].
Here, learners, as actors, according to a specific script, perform and develop their actions on a stage.
In this way, the stage represents the playground where the learning takes place [29]. Behind the stage,
the psychologist, the trainer, or the observers, which all can be seen as agents interacting with the
learner, can provide guidance and support, affecting the learning environment, though not directly
intervening on the playground.

These interactions always happen inside the game and can be partially or completely virtual if the
agents are ruled by artificial intelligence [39-41].

However, the relevant elements of these learning situations are useful to define a more general
methodology:

The playground: A space (physical and/or conceptual) that delimitates the actions of one or more
learners. The playground is defined by the narrative structure. It can contain objects (physical
and/or conceptual) that can be manipulated by the learner.

Learners: The learners can act in the playground, changing its state directly. They can be
considered agents that are situated, immersed, in a scene of the play, and can select autonomously
the actions that modify the playground in the function of their psychology, including cognition,
emotion, etc.
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Trainers: Teachers or people who have educational, training, or assessment functions affect
directly or indirectly the learners but cannot modify the playground state.

In the design process of EG, it is, therefore, necessary to keep in mind the following elements:

(1) definition of the narrative structure with the necessary agents;

(2) definition of the actions and interactions modalities of the agents;

(3) definition of the agents’ control system, whether human-controlled or guided by a set of rules or
Al systems.

Learners and other characters present at the shell level, and therefore, belonging to the narrative
of the game, can be called on-stage agents (OSA), as they directly interact and affect the core level
according to their specific endowment. The BSA can interact with the game indirectly, by affecting
OSA actions and are mainly present at the educational level. This distinction was firstly introduced by
Dell’Aquila and colleagues [2] and Ponticorvo and colleagues [29]. Moreover, it can be also adopted
at two different levels: 1) The first, related to the educational material (in EG interacting elements
can be conceptualized in the form of agents), 2) and the second, to the learning scenario, where
learners are conceived as agents interacting with other agents (real or artificial), thus defining the
educational environment.

Taken together, the description of the design process and the focus on interacting agents and
playground, are the main elements of the SPA approach for educational games, which allows addressing
the EG design both at a high level of abstraction and at a high level of detail.

Therefore, the SPA are agents with different characteristics: OSA can directly act on the playground
or BSA if they externally interact with the OSAs within a well-defined educational process. They are
situated, as they are present and somehow “immersed” in the educational process, being in the
playground or in the overall narrative structure. They are psychological, as they are endowed with
cognitive and emotional features: In the case of human agents, it is automatic that agents have a
psychological characterization. In the case of Al-controlled agents, it is possible to take inspiration
from psychological theories and models to define their psychological characteristic and behaviors. It is
useful to underline that the agents share the same context. Thus, there is a shared meaning between
the actors involved in the learning situation.

The SPA approach, at the shell level, identifies the game characters, their characteristics,
and interactions. At the core level, each agent is accurately defined as to its sensory and action
endowments, i.e., what the agent perceives and what action it can perform. These actions must follow
the game rules that are defined both by setting constraints and by the agent actions defined in the core
level itself.

SPA can be useful for EG design because all the interacting entities within the game can be
represented as agents, some immersed in the playground, and some not. Both the players and the roles
that guide the learning process from backstage (psychologists, teachers, or trainers) can be conceived
as agents. Players become OSA, and contour figures become agents with specific functions, from
supervision or score recording to observation, tutoring, advising or mentoring. Considering the
different levels described in Section 2, we can say that, at the shell level, an EG is a mise-en-scene of a
plot by one or more agents interacting in a well and formally defined setting. On the core level, actions
performed by OSA directly modify the game state, whereas BSA supports OSA at the educational
level. It is possible to identify a clear separation between the shell level and the core one: The visible
dimension can be conceived through traditional narrative techniques, and the core level, expressed in
terms of SPA, implies the formal definition of the various game components that we have introduced.

The Educational Level in the SPA Approach

In this section, we will focus on the educational level in the SPA approach. BSA are the main
characters at the educational level: They may have the function to support the learners involved in
EG, mainly as OSA. BSA does not intervene directly in the playground but provides what is required
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to enhance the learning process. These agents cover specific roles, functional to the achievement of
educational goals. Educational or learning goals are inspired by a specific learning theory, such as the
already cited work by Bloom or Kolb [42] who emphasized concrete experience, active experimentation,
reflective observation, and abstract conceptualization. A meaningful learning process is characterized
by the presence of feedback, as giving (and receiving) feedback is essential to understand how close
learners are to the defined learning goals. Feedback, together with debriefing are regarded as the
most important element for maximizing the learning process [43], as they guide learners through a
reflective process about their learning [44], offer a space for giving personal meaning to the learning
experience [45], and help to relate this learning experience to real-life contexts. In the SPA approach,
feedback is provided by BSA, and in the case of digital games, it can come both from real or artificial
tutors. In digital games, their role is essential to provide learners with short feedback cycles through
which they can get continuous and immediate information regarding the effect of their actions on the
game interactions. Conversely, in traditional educational approaches where teachers generally have
to mark students’ work using conventional means (i.e., manually), there is a significant delay until
students can receive the appropriate information regarding some aspects of their task. Digital EG
can help to reduce such delays almost to zero. Moreover, feedback is offered throughout the full
game session. A very important moment for delivering feedback is at the end of the game, during the
debriefing phase, when the learners receive feedback about the overall performance. It is also a process
which gives the opportunity to analyze what dynamics occurred during the game, what went wrong,
and was achieved, and share experiences with other people, making it possible to compare different
perspectives from other players or from other people involved in the learning process, such as tutors.

The SPA approach to developing EG opens a way to adopt software based on artificial intelligence
systems to model the interactions between OSA and BSA and allows to conceive these complex
interactions between agents as finalized to a meaningful learning process through feedback and
debriefing activities. The tutor can be a human being, but also a virtual entity, thanks to artificial
intelligence. In both cases, it is crucial that the tutor observes and traces behaviors, actions, reactions of
learners during the game, similarly to what happens when a student performs a task or takes a test in
face to face situations to create a learner’s profile. To create such a profile, educational games can rely
on a wide amount of data available, even more than in real life-oriented tasks. Digital games offer a
system able to record every single action performed by the players, the time required by each action,
as well as not effective choices made. Thanks to all this information, both real and virtual tutors can
operate various analyses, to understand the cognitive state of the learner, thus implementing learning
analytics. It is reasonable to hypothesize that real and virtual tutors can be even more effective when
they jointly operate, as the virtual tutor can record a significant amount of data and provide immediate
feedback, which is impossible to achieve from a human tutor, and the human tutor can supervise and
actively guide the learning process in such a way that is, at the moment, very difficult, if not impossible,
to achieve by a virtual agent.

The tutoring agents, both human or artificial, carry out various roles in different moments and at
a different level. At the beginning they can select and decide which roles of the game will be played by
each actor, also according to learning objectives and to previous results achieved. During the game,
the OSA interacts with the narrative at the shell level and the game space level, while a BSA can help
to maintain a high interaction level. At the end of the game, the tutor can build an individualized
report regarding the overall interactions that occurred, record achievements and failures together with
a preferred way to act, react and interact to build a detailed user profile. This report can also be useful
to further customize the game/player interaction.

In the next section, we will introduce some examples of EG and present the design process that
led to them by means of diagrams with formal notation.
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4. SPA Applications to EG

In this section, we will report three relevant examples of how the SPA approach can be applied
to EG design with particular attention to the formal representation of game elements. To this end
we will use the following notation: The playground is represented as an empty rectangle, the circle
represents OSA, and the square represents BSA. If the boundary is a full line, the agent is real, and if
it is represented by a dashed line, the agent is artificial. The interactions are represented as lines: A
continuous line represents a direct interaction, whereas the dashed line represents an indirect one, arcs
represent feedback.

4.1. Block Magic

Block Magic [46,47] is an educational platform that exploits augmented reality based on RFID/NFC
technology that allows building custom educational games with both physical and digital components.
It consists of a set of magic blocks, a magic board/tablet device, and specific software (Figure 4).
Magic blocks are an augmented version of traditional logic blocks, widespread structured materials,
classically used in education. The technologies employed to augment are RFID/NFC sensors that
allow to unite the manipulative approach, stimulated by logic blocks, and touch-screen technologies.
An RFID system consists of an antenna and a transceiver, which can read the radio frequency and
transfer the information to a device, and a small and low-cost tag, which is an integrated circuit
containing the RF circuitry and information to be transmitted.

L™= 8L CK EIMAGIC

Figure 4. The Block Magic kit.

This configuration permits to a PC or a table, with BM software installed on, to connect with BM
Magic Table, another relevant BM material. The Magic Table has a hidden antenna that recognizes each
block, sends a signal to the PC/tablets, and produces feedback coherently with pupils learning path.

Each augmented magic block had an integrated/attached passive RFID sensor for wireless
identification of every single block. A specially designed wireless RFID reader device, an active board,
is used, which can read the RFID of a block and transmit the result to the BM software engine.

On the software side, the BM augmented blocks together with the Magic Table are complemented
with software that includes a series of already-developed exercises and an authoring tool to build
new ones.

The BM software engine is mainly formed by two parts: The first one is devoted to receiving
input from the active board and generating an "action" (aural and visual). These actions implement
the direct feedback the user can receive interacting with the system. This feedback is regulated by an
embedded intelligent tutoring system [48,49] that ensures autonomous interaction between the user
and the system, receiving active support, corrective indications, feedback, and positive reinforcement
from the digital assistant on the outcome of the actions performed.
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The second software component is devoted to customization, and it is dedicated to teachers,
educators, etc., allowing them to build their exercises to be proposed to the child, focusing the attention
on the skills the child needs to train more.

In BM, the narrative comprises the plot, the scenario, the characters, the setting and has the task of
attracting the player and filling the game experience with meaning. The appropriate narrative allows
to attract the child, so to immerse him/her in a completely different environment, that is relevant in
every educational context. The narrative level exercises a framing effect on the core level.

The core is configured as an interaction between the player, the human OSA (or the players in
a collective scenario), the teacher, another human OSA, and the artificial BSA. The interactions are
mediated by physical materials: The Magic blocks.

Block Magic Representation in SPA Terms

From BM general description, we can move to BM description in terms of the SPA approach.
As represented in Figure 5, in this case, we have two human OSA interacting: A learner and a teacher.
Many important functions are played by the BSA, which is artificial. It provides feedback to the player
(arc on the left) during the game, it affects the human OSA teacher proposing existing exercises and
recording learner’s interaction, it has an indirect effect on the learner OSA through the trainer OSA.
The BSA is built according to adaptive tutoring systems theories [46,47].

l'_'_ll
| |

| _ .

Figure 5. Block Magic represented in the SPA notation (the playground is represented as an empty
rectangle, circles represent on-stage agents (OSA), and the square represents the BSA. Full-lined
boundary indicates a real agent, dashed line indicates an artificial agent. A continuous line represents a
direct interaction, a dashed line represents an indirect one, arcs represent feedback).

To validate the SPA approach, some data were collected with BM users. During the BM project
(www.blockmagic.eu), trials were run in four schools in European Countries and involved about
250 students and 10 teachers of primary school and kindergarten. The teachers used pre-defined
exercises but could also build their ones using the BM authoring tool, which is based on the SPA
approach. After this process, researchers administered to teachers a structured questionnaire with
10 questions on a five-point Likert scale (5 indicating the most positive attitude) about the design
process with SPA.

Results indicate that the design was facilitated by the SPA: In particular, it was appreciated for
the possibility to quickly define interactions in the exercise (average = 4.30, st. dev. = 0,48; the point
5 in the scale corresponds to the most positive evaluation), to define the functions, especially the
educational one, in the game in terms of agents (average = 4.10, st. dev. = 0,74) and to share in an easy
and manageable way the idea with other professionals involved in the process (average = 4.40, st. dev.
= 0.52). More details are reported in [46].
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4.2. Enact: An EG to teach negotiation

Another example of SPA used to develop EGs is represented by Enact, implemented on a platform,
based on recent psychological modeling through the application of current ICT research such as
e-learning, mobility, internet, artificial intelligence [50,51].

The platform facilitates “learning by doing” experiences as the training scenarios that can be
developed through EG can simulate real-life situations, and due to their verisimilitude, can enable
the transfer of what has been learned to similar real-life contexts [52,53], developing the specific
negotiation competence.

It is a single-player game designed to train users on effective communication and negotiation
skills. A training scenario is populated by two 3D avatars, one controlled by the user and the other by
the computer (the BOT), both able to express a range of communication aspects and elements by using
verbal cues (e.g., vocal tone, shape of the speech bubble, and structure of the sentence), and non-verbal
indicators (e.g., body posture, facial expression, eye contact, and gestures). These patterns of
behavioral indicators have been identified in the communication model of assertiveness, passivity,
and aggression [54].

On-stage agents within Enact are both the learner and the artificial agent with which the user
interacts with during the game (see Section 4.2.1). OSAs perform their roles and interact with each other
according to the theoretical principles of the five styles of handling interpersonal conflict proposed
by Rahim and Bonoma [55] and Rahim [56] the psychological model adopted and underpinning the
Enact game.

In other words, the main principles of the two theoretical psychological models of negotiation by
Rahim and communication by Dryden and Constantinou underpinning the game, represent the rules
defined in the core level that determine the OSAs’ psychological and physical features. Rahim model
differentiated five different styles of handling conflict on two basic dimensions: Concern for self and
concern for others. The first dimension explains the degree (high or low) to which a person attempts to
satisfy his or her own concern, while the second explains the degree (high or low) to which a person
attempts to satisfy the concern of others. The combination of the two dimensions results in five styles
of handling interpersonal conflict: Integrating, obliging, compromising, avoiding, dominating.

The five styles of handling interpersonal conflicts are described, as follows:

Avoiding (low concern for self and others) has been associated with withdrawal, buck-passing,
or sidestepping situations.

Obliging (low concern for self and high concern for others) is associated with attempting to play
down the differences and emphasize commonalities to satisfy the concern of the other party.

Dominating (high concern for self and low concern for others) has been identified with a win-lose
orientation or with forcing behavior to win one’s position.

Compromising (intermediate in concern for self and others) involves give-and-take where both
parties give up something to make a mutually acceptable decision.

Integrating (high concern for self and others) involves openness, exchange of information and
examination of differences to reach an effective solution acceptable to both parties.

Moreover the conflicting scenarios have been designed according to a series of variables which
combination resulted in 25 different conflicting scenarios animated by 24 different characters, such as
type of conflict (if based on divergence or convergence), gender (if player and agent have the same or
opposite gender, so that the interactions can result as male-male (or female-female) and male-female (or
female-male), and ethnic variables (to allow a user-avatar interaction covering different ethnic groups).

The user is introduced to the game with a scene explaining the conflicting situation, the role
assigned to the user and her goal within the given scenario (shell level). Each exchange between the
user and BOT is organized in a five-state scene (one for each of Rahim’s styles of handling conflicts),
which includes one turn of speech for each party. Each exchange is related to a gesture and/or facial
expression that shows the way the sentence will be communicated to the BOT (core level).
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After the user’s answer, the BOT computes it according to the embedded psychological models,
that is, for example, a dominating BOT will show predominantly aggressive and authoritative
behaviors. Conversely, an obliging BOT will show an overall passive and submissive attitude towards
the negotiation (Figure 6).

TV: Report or Masterchef?

You live with your wife Anne in
a home where there is only one
TV in the living room. You must
decide what to watch that
evening.

You are Luke, a post office Next JyneH your wife, loves
employee. You love watching @ Masterchef. She just got
Report because it deals with back from work, and
topics close to \éour o\'cfn‘1 ; right now she feels
experiences and you find i :

extremely interesting. You particularly unhappy
need for the TV to be a because of a bad phone
moment of relaxation call with a manager at
without any discussion. work.

Lunity WebGL o I

Figure 6. OSAs interacting at the shell level at the beginning of Enact. Introduction to the different OSAs.

The user starts the game by pressing the “play” button that brings the player on the game scene:
The user’s avatar is presented in a small window at the left upper corner of the screen, while the BOT
represents the main character focused on by the camera.

The user’s five possible choices are shown below the small avatar window, while the responses of
the BOT are shown in the text bubble appearing over its head.

When the mouse is over one of the five user sentences (on the left-hand side of the screen),
the animation (non-verbal behavior) related to that sentence is shown in the top-left window.

The innovative aspect of the Enact game is represented by its assessment feature that complements
the training aspect. It implements soft skills measurements with an innovative rigorous psychometric
approach, that offers the users the opportunity to assess her/his handling conflict styles, along with her
negotiation and communication skills.

The assessment within Enact corresponds to the core of what we have defined as evaluation/tutoring
level and represents the playful way through which the user can be assessed in a standardized manner
according to the abovementioned Rahim’s model.

The assessment of the player is based on the preferred negotiation styles used during a series of
negotiation scenarios, given the description of the five styles provided by Rahim, and “pen and pencil”
ROCI II instrument developed by the author. ROCI II is designed to measure the five independent
dimensions of the styles of handling interpersonal conflict (integrating, obliging, dominating, avoiding,
and compromising). The instrument contains three Forms A, B, and C to measure how a person
handles her (his) conflict with her (his) supervisor, subordinates, and peers, respectively.

The Enact assessment is also fundamental for the automatic elaboration of a training
strategy tailored to the specific development areas of the player, to create an effective
learner-centered environment, where the user activity is focused on the areas of behavior that
mostly require improvements.

Enact profiles resulted from user’s game experiences are correlated with those obtained by the
users through the administration of the ROCI ROCI-II (Rahim organizational conflict inventory-II).
For this reason, the Enact tool has been designed to return a score directly comparable with the ROCI-II
to produce scores for each of the five styles of handling conflict contemplated in Rahim’s model:
Collaborating, accommodating, dominating, avoiding, and compromising. In addition to the ROCI-II
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form C, the other four psychological tests have been administered: (a) A short version of BIG five
personality inventory, (b) assertive efficacy test, (c) self-efficacy test, and (d) coping test. The aim was
also to investigate possible relationships between high scores of self-efficacy and relevant personality
traits with the styles adopted by the Enact users and related positive effects on negotiation processes
observed within the game sessions.

All the test takers had to play Enact and fill in the electronic form containing the five psychological
tools in a row, in random order so to avoid bias related to the order of presentation. The users were
asked to negotiate with an avatar in 10 different scenarios. The assessment took about one hour.

The system collects the data about the user’s behavior and choices and creates a model of the player
that will then be used for generating tailored information to be used in the training session. The score
and profile of the player’s negotiation skills are actually calculated by summing the independent
concern for self and concern for other variables gathered during interactions, which are represented
within every sentence that the user can choose.

In the assessment session, the artificial agent’s behavior is static, not adaptive, and reflects a
specific negotiation style for each of the scenarios.

The tutoring system is available only after the assessment has been completed. Thus, it will
intervene during the training scenarios and at the end of the game session in order to provide useful
information to the user about his or her performance related to the BOT he or she is currently interacting
with and to his or her general behavior when managing conflicting situations.

The user is given a profile based on the Rahim model related to the specific situations he or she
played, together with advice about how to improve the efficacy of his or her communication and the
changes achieved since the assessment profiling.

The profile emerges mainly through a comparison of the behavior of the user and the style of the
artificial agent she interacted with.

Furthermore, we have highlighted the importance of offering the user with immediate feedback
about his/her performances. An example of immediate feedback is provided in the Enact game session
by the on-stage agent (Figure 7).

For you, Report is important, for
me, Masterchef is important!

| F————

| want to watch Report; it will deal with issues that are
important for my work
e ERTTE TR

But why did they schedule the two programs at the same

id watch Masterchef, but every now and then change
1 and see if they are covering issues that are of

Shall we try to watch other programs together that we
|could both like?

| understand that it means
Masterchef as long as you
on we'll change the channel fo

& unity WebGL

Enact n

Figure 7. Examples of verbal and nonverbal indicators expressed by OSAs during the
conflicting interaction.

The BOT, which the user interacts with, displays immediateness of the interaction with an
aggressive, assertive, obligingness facial expressions and body posture (non-verbal communication)
and gives verbal feedback through the text (Figure 7).

4.2.1. Enact Representation in SPA Terms

In the Enact game, as shown in Figure 8, there are two on-stage agents: The learner who plays the
game and the artificial agent with which the user interacts in the scenario. The human OSA performs
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his/her role according to his/her negotiation style, whereas the artificial OSA acts according to the
implementation of Rahim’s principles. The OSAs interact directly with the other with questions and
answers. In this case, there is a BSA, a tutor who is artificial and interacts directly with the artificial
OSA and indirectly with the human OSA. It is outside the playground but affects directly the artificial
OSA and indirectly the human OSA.

e
|Teacher|
|l _ _ 4

Figure 8. Enact game represented in the SPA approach (the playground is represented as an empty
rectangle, circle represent OSA and square represent BSA. Full-lined boundary indicates a real agent,
dashed line indicates an artificial agent. A continuous line represents a direct interaction, a dashed line
represents an indirect one, arcs represent feedback).

At the end of the game, it also provides human OSA with relevant feedback.

During the Enact project, also the effectiveness of the SPA approach was investigated.
Indeed, the Enact game was pre-validated in two iterations: The first one allowed to collect feedback
by the means of a questionnaire on the quality of the interface and the BOT. The questionnaire was
composed of eight questions on a five-point Likert scale. The complete results are reported in [2-53].

Data showed that the overall feedback was extremely positive. The second iteration involved the
participants playing with different scenarios, and then a questionnaire of 13 questions on a Likert scale
was administered. Additionally, in this case, the feedback provided by users was positive.

On the qualitative side, the people involved in the design and implementation of the Enact game,
using the SPA was useful and allowed them to efficiently collaborate with other professionals involved
in the game development.

4.3. Eutopia

4.3.1. Eutopia: EG to Train Soft Skills Based on Role-playing Mechanisms

Eutopia represents a specific application of SPA to develop EGs, as it is not just a game but rather
a platform with which it is possible to create an unlimited number of role-playing games.

Eutopia platform can acknowledge many years of experience underpinning several European
projects, such as Sisine, Sinapsi, Eutopia-Mt, Proactive, and S-cube project. Eutopia has been used
and tested in different contexts and by different group targets (university, training institutions and
agencies, MEs and SMEs, public administration, as well as non-governmental organizations and social
enterprises) and for the development of various kinds of competencies (negotiation, international
mediation, negotiation, communication, leadership, team building, time management, motivation,
decision making, and problem solving).
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Eutopia takes inspiration from the technology used in multiplayer games and embeds role-play
methodology as a psycho-pedagogical approach.

The underpinning learning approach is based on open dynamics so that there is not an exclusive
way to achieve the desired learning objectives.

The technological dimension allows a virtual extension of traditional face-to-face role-playing
activity that is transposed it into a digital setting. This enhances the potential of the training experience
in which learners are involved. Eutopia recreates a graphical word populated by virtual actors (avatar)
controlled by real users.

While role-playing methodology that derives from psychodrama and sociodrama [33] has learning
purposes, role-playing videogames are created for recreational purposes and take inspiration from
pen-and-paper role-playing games. Indeed, role-play [30] has extensively been recognized as a
powerful technique for enhancing the traditional training practice, boosting participants’ learning
experience, facilitating knowledge, and promoting skills, competencies, and group, as well as personal
development, in face to face activities [57-60].

Since its origins, role-play technique has been variously adapted and applied to different settings
and contexts, for different purposes and to many disciplines (e.g., psychology, organizational change,
sociology, and pedagogy) for intensifying and accelerating learning and for developing new ways of
understanding of concepts and knowledge.

Role-plays can be adopted to deal with personal (psychodrama) or collective (sociodrama) issues
and used to exercise a variety of specific skills (learning simulations).

Moreover, role-play games can be considered as learning strategies that can be enhanced through
technology by extending learning through added dimensions that may be impossible to conduct
in face-to-face situations [61]. Among them, the so-called massive multiplayer online role-playing
games (MMORPGs) and multi-user virtual environments (MUVEs) as, for example, Second Life
(http://secondlife.com/education/) and Active Worlds (http://www.activeworlds.com/edu/).

MMORPGs derive from role-playing video games, which in turn take their origins from
pen-and-paper role-playing games (e.g., Dungeons and Dragons) and use much of the same terminology,
settings, and game mechanics.

Regarding the technological dimension, Eutopia, in addition to the functions normally provided
in MMORPGs and MUVEs, offers specific features designed to facilitate its use in distance learning.
In particular, it has been used to develop a variety of role-playing games for the development of
different soft skills.

In summary, the platform is based on a client/server architecture, which comprises three different
software pieces for users:

o Editor—for trainers, allowing the design of personalized storyboards and role-play
learning scenarios

e Client—for both trainees and trainers, allowing them to interact with the 3D environments and
with each other through text chat messages and non-verbal modalities

e  Viewer—for visualizing recorded group interactions and sessions along with text-based exchanges.

Trainers through and within Eutopia assume potentially different roles. They can act as a
playwright by writing storyboards, as a screenwriter by personalizing training scenarios, as a casting
director by assigning roles to be played out, as a movie director by monitoring and guiding participants’
actions and behaviors, a as director of photography by selecting relevant dynamics to be recorded, a as
film critic by giving actors personalized feedback (debriefing phase).

Trainers by creating storyboards can define properties of training scenarios along with
psychological and physical features of the different roles to be played by participants (Figure 9).
They also act as a guide for using the learning platform features at their best to explore the learning

potential of available tools.
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Environment: [Office1
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Figure 9. Script definition.

7

The use of feedback and debriefing systems allows the exploitation of all the potential of trainers
guide, facilitation, and support.

The Eutopia virtual environment provides an avatar-based system of communication, mediated
by the artificial agents representing both human being trainer and the learners, respectively BSA
and OSA.

By using the Eutopia Editor, trainers can write the storyboard for online multiplayer games.
Its design requires an accurate definition of learning goals, narrative, and roles to be enacted and of the
physical and psychological features of avatars (Figure 10).

Learners act out their roles interacting in a virtual, navigable environment provided by the system,
through controlling virtual alter egos, the avatars.

These represent what we have defines as OSAs, as they directly act and interact in the virtual
environment by influencing the dynamics of the game and impacting on its process.

Learners can communicate via short text messages, which appear in bubble cartoons over their
avatars’ heads.

They can also interact by using various forms of para- and non-verbal communication (expressed
by emoticons and facial expressions that can be assumed by avatars).

For example, players can decide the loudness (shown by the font size of the text in the bubble)
and emotional tone (shown by the shape and color of the bubble) of a message.

Players can control the gestures and body movements of avatars, for example, by making the
avatar wave goodbye, point at someone, or hug someone.

They can “whisper” messages to each other, that is, send messages are that are visible only to
players directly involved in the conversation and to the trainer.

Finally, they can communicate with the trainer and raise any questions to receive guidance
or clarification. Trainers after scripting and starting the role-playing session can intervene during
interaction among learners in two possible ways.

The first is to act as an invisible stage director that is to behave as a back-stage agent by using a
variety of features to observe interactions among players. The second is by directly intervening in
the game. For example, she can take the role of a character in the scenario and play the game like
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other players. However, they can also activate events to change the dynamics of actual interactions.
These represent cases in which the role of BSAs coincides with that of OSAs.

When the game is concluded, they can provide players with personalized feedback assessing
whether the group and individual goals have been achieved and to what extent, encourage group
discussion and examine the most significant aspects and dynamics emerged, as well as the main
strategies adopted by players.

Indeed, an embedded tutoring tool enables to record training sessions, and replay role-play
session interactions for tutors to provide feedback to significant interactions between participants to
encourage the communication process, mutual sharing, self-reflection, and self-discovery and help in
identifying potential areas of personal development. Feedback can be provided immediately after role
play or in a later feedback session

locon o=l S

Aberto: ehi there!?
Aberto: Where are you max?!

Figure 10. Avatar control as a way to explore an online session.
4.3.2. Eutopia Representation in SPA Terms

In the Eutopia platform, as shown in Figure 11, there are many on-stage agents that interact
virtually: They are human OSA. They perform their role following the defined script and following the
trainer (BSA indications). In this case, all the agents interact both directly and indirectly.
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Teacher

Figure 11. Eutopia platform represented with SPA notation (the playground is represented as an empty
rectangle, circles represent OSA and squares represent BSA. Full-lined boundary indicates a real agent,
dashed line represents an artificial agent. A continuous line represents a direct interaction, a dashed
line represents an indirect one, arcs represent feedback).

At the end of the interaction, the BSA offers to OSA feedback and reflections on the
different interactions.

Eutopia has been used and tested in different contexts and by different group targets (university,
training institutions and agencies, MEs and SMEs, public administration, as well as non-governmental
organizations) and for the development of various kinds of soft skills within different research
projects, such as Sisine, Sinapsi, Eutopia-Mt, Proactive, S-cube (more information at www.nac.unina.it).
In particular, to study the attitude towards the SPA approach, the perception of 18 experienced
professionals (educators, trainers, psychologists, and educationalists adopting role-playing activities
in traditional settings) on the use of role-playing games in educational and training contexts, with a
specific focus on the Eutopia platform was investigated.

They completed a questionnaire on their perception of how online role play can encourage and
foster meaningful learning experiences among participants. More details are reported in [2].

With regard to the methodological effectiveness of online role-play via SPA agents, we can affirm
that it is generally considered as effective. A large consensus amongst the professionals was found on
the role of the trainer, both virtual and real as conceived in the SPA approach.

5. Discussion and Conclusions

In this paper, we have introduced the SPA approach to developing EG. This approach presents
various advantages. It opens the way to adopting automatic control systems and software based on
artificial intelligence systems to model OSA and BSA behavior, as shown in the application section.
By these means, it is possible to delegate both on-stage and backstage functionalities to intelligent and
autonomous artificial agents, making it possible to run EG with mixed teams composed of human
and artificial agents. It is, in fact, easier to build artificial agents to support the educational enterprise
rather than model separately educational functions and features. Moreover, SPA allows to reproduce,
model, and feed the dialogic interaction offering a formal representation of the people involved in the
learning/teaching dynamic.

SPA offers an effective methodology to build up games moving on the shell and core level as well
as the educational one. This means, that the same core level can be combined with different shell levels
so as to be adapted to different contexts and allow to compare various populations (i.e., children and
adolescents) and various areas of application (i.e., education, training or assessment).
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Last but not least, it proposes a comprehensive framework that can be easily understood by
specialists with different expertise. In EG design and development, education specialists, teachers,
trainers are involved as well as computer scientists, software engineers, etc. These specialists can share
their knowledge through this framework in a very effective way.

However, a possible shortcoming of this approach comes from the consideration that there are
games, as well as educational software, for which there might be no need to define the rules of
interaction in terms of psychological agents.

It is possible to summarize that the strongest point of the approach used within SPA to develop
EGs is related mainly to the educational aspect allowing users to foster transversal skills through
innovative approaches to teaching, learning, and assessment. The EGs proposed are based on two
different educational approaches reflected in the implementation of the SPAs. Form a technological
perspective is possible to distinguish EGs more cantered on allowing a virtual extension of traditional
face-to-face psychodramatic mechanism and experiences (e.g., Eutopia), and those that instead
reproduce “artificial” worlds based on computer-simulated, formal models about specific phenomena
or theories to investigate (Enact and BM). From an educational and user-centered perspective, it is
possible to identify two main categories. One category can represent the extent to which, while
playing the game, the user has to express herself through behavioral acts that involve her body or
other forms of interactions, such as an actor would do on stage. Those elements correspond to the
traditional behavioral domain that plays a prominent role in psychodrama as we have highlighted for
Eutopia and Enact, though with a different grade of involvement and immersion. Situations like BM in
which the user is asked to perform abstract and strategic forms of decision-making are different from
and yet complementary to these kinds of games. Here, the user’s logical and reasoning aspects are
prominently highlighted. The educational approach underpinning Eutopia is based on open dynamics.
Therefore, there is no unique way to achieve the desired learning objectives. The technological
dimension enhances the potential of the training experience because it makes a virtual extension of
traditional face-to-face role-playing activity possible, transposing it into a digital setting. What emerges
is that the figure of the trainer simultaneously represents a source of strength and weakness. On the
one hand, it is undeniable that a real BSA trainer can enrich game performance by providing facilitation
and adaptable performance feedback. On the other hand, the study presented shows that the need for
fully skilled trainers may increase the cost and time of training.

Moreover, the dynamics resulting from the gameplay depend on learners, rather than on any
form of artificial intelligence. This means that participants are offered a far richer, more open, learning
experience than would have been possible if they had to interact with artificial OSAs and BSAs.
However, the disadvantages of this method are represented by high cost and time consumption in
organizing and managing the complexity of the virtual learning scenarios, as well as interactions
among participants. Indeed, the critical element that emerged is related to the trainers/teachers’ role
in managing the online role-plays, and their need to be skilled in mastering different competencies
at once.

Those limits have induced the authors to consider the advantages of introducing game technologies
less dependent on the supervision of real BSAs, such as Enact.

In this case, although the system allows users to dramatize and enact role-plays, the complexity
of the dynamics between OSAs is limited by the rule of the game to a certain number of actions,
and the responsibility of the BSA is certainly reduced. Therefore, the assessment and observation
of learning experience is less subjected to the influence and interpretation of many other potential
interfering variables.

While Eutopia and Enact allow users to experience direct involvement with the learning objectives
through a personal dramatization by acting out roles, BM points instead more on the logical and
reasoning aspects involved in the gameplay. In this case, a set of formal rules and interactions
embedded in the game needs to be followed for learners to achieve the relevant learning objectives.
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This brings us to another aspect of our experience that is the appropriateness of the use of EGs.
The decision on which game to use depend largely on the skills to be developed, as well as the resources
and the time allocated for achieving the learning objectives. For instance, if a learning objective regards
training from the cognitive domain, and the priority is making players learn and assess specific skills
or behaviors (e.g., problem-solving requiring a quick response), the ideal methodology is more likely
to be based on more structured games, as BM. Indeed, the educational resources and learning path that
learners have to follow is easily accessible from learners at any time from anywhere. However, the set
of formal rules and interactions to be followed to achieve the relevant learning objectives are embedded
in the software and do not require a constant presence of experienced real external guidance as BSA.
BM and Enact can drive the player to a stable training outcome more rapidly than in open dynamic
situations, like Eutopia. Therefore, the advantage of this method lies in the fact that it is very low
cost, as after an initial phase to familiarize users with the system, and it can be used without the
guidance of a trainer, as the system is self-regulated and enables learners to achieve objectives rapidly.
Conversely, if the competencies that are meant to develop are more related to aspects of emotional
awareness, self-assessment, and self-confidence, we think that a situation methodologically such
Eutopia, closer to the traditional role-play technique, might be the most appropriated. For all the EGs
presented, we can acknowledge that the strength of providing the software with authoring systems
has been a valued an extremely beneficial aspect as it allows trainers to rapidly develop their scenarios,
personalizing their work for specific target populations with specific learning needs. In this light, there
are many possible and potential areas of application.

The strongest points of the approach used within EGs are related mainly to the central role assigned
to the player in the training or assessment processes developed within the software. The users can
enhance their attitudes towards different skills, improve their capabilities, understanding, and practice
with the support of the tutoring system provided, and following customized training sessions.

The experiences of the EU projects confirmed the value of using information technology as a tool
placed in the hands of a trainer for the development of controlled ad hoc learning exercises, rather
than being considered a simple replacement for trainers and learners.

The SPA approach presents a novel element of flexibility, both in delivery and practice of different
skills and competencies training, where users can broaden the practice of different skills outside
the traditional classroom approach by leveraging Internet technologies. However, what is even
more interesting, professionals can be in total control of the model implemented, the training and
the assessment processes. Furthermore, every skill or competence that requires the exploitations of
people’s interactions could benefit from such realization of an SPA to develop EGs.

The reason is that, whatever skills need to be transferred in the digital role-play, the educational
technological level represented within the software enables modification both of the narratives and the
educational models underlining the training requirements.
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