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Abstract—Serious Games represent an acknowledged poten-
tial for instruction, because they are able to strongly moti-
vate learners. They can also provide immersive environ-
ments where advanced users can practice knowledge and 
skills, also exploiting multimodal interaction. They can com-
bine the effectiveness of computer processing and data stor-
age, with high levels of attractiveness. Our work has investi-
gated the state of the art research on SGs, starting from the 
cognitive aspects, that are necessary in order to root techno-
logical development and applications in sound theoretical 
foundations. The paper discusses some key aspects about SG 
design and exploitation: choice of components-off-the-shelf 
or from-scratch design, tools and methodologies for devel-
opment or adaptation, intelligent tutoring, virtual coaches 
and affective learning, living worlds, game mechanics, Hu-
man-Computer Interaction. 

While several SGs have been developed, still the literature 
stresses a lack of significant, extensive user tests. Further 
research is necessary to investigate in greater detail the real 
effectiveness of the various types of SGs. The paper pro-
poses several research questions - that range from require-
ments elicitation to design and from deployment to use and 
evaluation - to be answered in order to avoid technology 
pushing and drive technological research according to the 
requirements of the end-users and stakeholders.  

We believe that deepening the analysis about these issues is 
key to strengthen the foundations of SG research, for which 
we identify four major directions: definition of metrics and 
learning progress evaluation tools; methodologies and tools 
for designing games from various topics and for various 
users; computing and communication architectures; tech-
nologies that can enhance the overall system performance. 

Index Terms—Serious Games, virtual reality, simulation, 
intelligent tutoring, human-computer interaction, cognitive 
load theory 

I. INTRODUCTION 

Education has become an emergency in our societies. 
Education involves everybody, at every age. However, it 
is fundamental for the young people and requires respon-
sible adults that introduce each child or young man to the 
totality of the reality. Education, thus, has a very broad 
spectrum and cannot be guaranteed by single tools. But it 
is a reasonable question to investigate what Information 
and Communication Technologies tools can be developed 
and used in order to favour educators in their mission. In 
particular, there are some aspects of education – notably, 
learning and training - that seem particularly suited to 
computer-based support. And in this regard, some game 

technologies seem effective and promising, also because 
they seem address several e-learning problems such as 
high dropout rates due to frustration and the lack of moti-
vation to continue studying [1, 2]. 

The potential of Serious games (SGs) - games that use 
pedagogy to infuse instruction into the game play experi-
ence [3, 4] - is relevant, because a large and growing 
population is familiar with playing games, that can present 
users with realistic and compelling challenges, highly 
stimulating their information processing capabilities and 
capturing their concentration span for long duration. 
“Games embody well-established principles and models 
of learning. For instance, games are effective partly be-
cause the learning takes place within a meaningful (to the 
game) context. What you must learn is directly related to 
the environment in which you learn and demonstrate it; 
thus, the learning is not only relevant but applied and 
practiced within that context (Situated cognition)”. “Re-
searchers have also pointed out that play is a primary so-
cialization and learning mechanism common to all human 
cultures” [5]. [6] claims that students can only remember 
10 percent of what they read, but almost 90 percent, if 
they engage in the job themselves, even if only as a simu-
lation. 

Good SGs challenge players sense immersive situa-
tions, providing concrete, compelling contexts where the 
player gets concretely involved. This is important to moti-
vate learners and also to show the concrete relevance to 
everyone’s life of subjects (e.g., maths and physics) that 
are frequently considered as cold and abstract, but whose 
applications to improve our understanding (and predic-
tion) of the world and its processes are surprising and give 
satisfaction to students. Moreover, SGs can provide an 
excellent context not only to acquire and test knowledge 
and skills, but also to closely examine an environment 
without the barriers of time and space (and any other type 
of costs), thus can be gyms where new knowledge, prac-
tices and solutions can be developed. Play, in fact, sup-
ports players in exercising five kinds of freedom (freedom 
to fail, experiment, fashion identities – possibility to ex-
perience a situation from multiple perspectives [7] -, of 
effort and interpretation), that can complement formal 
learning by encouraging learners to explore various situa-
tions [8]. SGs can be multiplayer, favouring team-building 
and cooperation in facing issues, shaping real communi-
ties of learners. The widespread diffusion of mobile gam-
ing is opening further perspectives also for learning and 
socialization (e.g., [9]). 

Games provide immediate feedback, that may be effi-
cient for procedural learning [10]. Virtual environments 
and simulations are effective over non-computer methods, 
as they allow for high levels of fidelity and an immersive 
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experience [10]. This is expected to be ever more impor-
tant in particular to support training, particularly in areas 
of training where learning fade could be critical and in-
volve the loss of lives, such as in emergency response 
training [10]. 

Performing a survey with e-learning professionals and 
experts, and comparing outcomes with literature review, 
[11] stresses a “positive view”, as serious games are per-
ceived as “de facto effective learning environments [12] 
because games challenge and support players to approach, 
explore and overcome problems”. Moreover, they “offer 
players the capacity to try out alternative courses of action 
and afford players to experience the consequences of these 
alternatives. They are adaptive, absorbing and immersive. 
They also provide feedback and assessment and allow for 
personalised learning. Furthermore, they place the learner 
in an active role, stimulating him/her to think more criti-
cally and they lend themselves to collective and social use. 
They challenge and support learners and implicitly moti-
vate them”. 

[13] reports his experience at the DoD, where three dif-
ferent Components-Off-The-Shelf (COTS) management 
simulation videogames were added to 3 courses (first and 
third year of the armed forces) in a quest for new methods 
to “get the most from our new best and brightest”. The 
study reports that “Students in classes using the game 
scored significantly higher means than classes that did 
not”. 

However, the [11] survey highlights also some impor-
tant limitations. [14] mentions that intended learning out-
comes and game objectives might conflict and that games 
can distract from the learning content. The  ‘suspension of 
disbelief’, typically required in a game, can negatively 
influence the learning processes. Also, certain socio-
demographic groups may be excluded and ‘hijacking’ 
gaming as an educational technology might result in aver-
sion towards the medium. Also, some game features (e.g., 
difficulty level, duration, aesthetic, interaction modalities) 
might endanger the instructional goal [12]. [15] - in a 
study mapping serious games and simulations into health-
care domains considering a deep structure of cognitive 
development from novice to expert – concludes that “there 
is insufficient evidence to know if extant serious games 
improve healthcare education but there is evidence that 
they may inculcate inadequate clinical pattern recogni-
tion”. 

Comparing medical and aviation training and simula-
tion, [16] states that proper simulation is very important if 
the training is to be effective. As shown by the huge re-
sults achieved by aviation training through simulation,  
simulation “can provide a safe environment that allows 
training and feedback on specific cognitive or psychomo-
tor tasks far more frequently than would be the case if the 
trainee were waiting for actual equipment or specific con-
ditions”. However, the paper highlights that “most of the 
widely used simulation games have been developed for 
commercial reasons and including education features has 
typically come as an afterthought”. And stresses that re-
search has to focus on development of instructional re-
quirements and integration strategies for games to ensure 
they are able to accomplish the intended goals. 

Concerns have emerged about an extensive use of 
videogames, in particular by the youngsters. This is to be 
kept in consideration also in the case of educational 

games, in particular when considering hyper-stimulation 
and distinction between virtuality and reality. This point 
on the one hand stresses again the necessity of responsible 
adults able to manage the education process and the other 
hand the importance of user-centered design, considering 
all the process stakeholders, starting from the parents. 

Summarizing, there is a consensus in the scientific 
community about the instructional potential of games, 
mostly because they are considered motivating (e.g., [17, 
12, 18]). Few tests have shown the educational value in 
particular in the business/management field. But, in gen-
eral, most of the authors agree that more extensive tests 
are to be performed (e.g., [19, 20, 21, 22, 23, 9, 17, 24]). 
Some experiences highlight the importance of games for 
awareness raising (e.g., [24] for societal issues). However, 
stressing the emotive aspect, that is interesting for some 
types of games – in particular for advertising -, may be 
misleading for proper education. The concern is emerging 
that “we are just beginning understand when and how 
games promote learning, and why” [25]. In particular, 
there is a need for scientific and engineering methods for 
building games as means that provide effective learning 
experiences [3]. 

The objective of this paper is to critically analyze the 
state of the art of serious gaming and try to understand 
where and how it is effective and what directions look 
fundamental for future research. 

The remainder of the paper is organized as it follows: 
section II provides an introduction to Serious Games. Sec-
tion III focuses on instruction and cognition, as a theoreti-
cal basis of SG design and development. Section IV inves-
tigate several SG design and exploitation aspects that we 
consider key for present and future research. In section V 
we focus the discussion on the SandBox SG paradigm, 
that we consider quite effective for instruction. Section 
VII draws the final conclusions and suggests the lines for 
research.  

II. SERIOUS GAMES 

Following from the Platonic differentiation between 
games for fun and games for learning, the term "serious 
game" was firstly used by Clark Abt [26]. The book was 
mainly about board and card games. However, Abt’s 
definition is still applicable in the computer age: “Reduced 
to its formal essence, a game is an activity among two or 
more independent decision-makers seeking to achieve 
their objectives in some limiting context. A more 
conventional definition would say that a game is a context 
with rules among adversaries trying to win objectives. We 
are concerned with serious games in the sense that these 
games have an explicit and carefully thought-out 
educational purpose and are not intended to be played 
primarily for amusement.”  

The “serious game” term as we intend today was firstly 
used in 2002, with the start of the Serious Game Initiative 
lead by David Rejeski and Ben Sawyer in the US, and 
taken up in Europe by the formation of the Serious Games 
movement, in particular in the UK. The SG Initiative 
focuses “on uses for games in exploring management and 
leadership challenges facing the public sector. Part of its 
overall charter is to help forge productive links between 
the electronic game industry and projects involving the 
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use of games in education, training, health, and public 
policy”1.  

SGs were initially conceived to train people for tasks in 
particular jobs, such as training army personnel, or 
training insurance salesmen. These tasks were 
characterized by their specificity and applicability for 
particular work-related purposes and are typically targeted 
at a captive audience. 

The MIT Education Arcade document  [8] discusses a 
number of examples of learning games, such as Zoo Scene 
Investigators, Palmagotchi, Racing Academy, Ayiti, 
Gamestar Mechanic, The Calm and the Storm, Mind 
Rover, Lure of the Labyrinth, the Federation of the 
American Scientists’ Immune Attack. The document 
shows that uses of SGs now “span everything from 
advancing social causes to promoting better health to 
marketing. The class of games known as Games for 
Change2 are being designed with a social or political 
agenda to get people to consider particular issues. 
Members of Games for Health3 design games for both 
patients and practitioners with a medical purpose in mind. 
Advergaming is a popular form of advertisement that 
delivers commercial messages through games”. 

Prensky has put together a list of five hundred “serious” 
games that can be used to teach different content4, and his 
new book and accompanying Web site5 provide even 
more guidance on using games for learning. 

Even the use of Commercial Off The Shelf (COTS) 
games is being considered for education , given their 
popularity, validity and  cost-effectiveness with respect to 
developing SGs ad-hoc designed to support specific 
curricular activities. COTS games already being used in 
the classroom include Civilization (history), Age of 
Empires II (history), CSI (forensics and criminal justice), 
The Sims 2 (making complex social relationships), 
Rollercoaster Tycoon (Engineering and Business 
Management), and SimCity 4 (Civil Engineering and 
Government). Three business/management simulation 
COTS games (namely: Industry Giant II, Zapitalism and 
Virtual U) have been proved as useful for instruction by 
the experiment on business topics in formal education 
settings [13]. 

It is important to highlight that SGs do not target 
exclusively power-gamers (typically young males fond of 
First Person 3D immersive experiences) . Power-gamers 
represent just 11% of the gaming community, while other 
types of players (Social, Leisure, Dormant, Incidental and 
Occasional gamers) have acquired a huge weight . This 
audience enlargement has been enabled by new typologies 
of games (e.g. brain training games, casual games, virtual 
pet caring, intellectual challenges such as Professor 
Layton and the Curious Village and Phoenix Wright: Ace 
Attorney) and by new modalities of interactions (e.g. 
online collaboration, verbal commands, gesture-based 
control, social environments, family gaming). This is also 
particularly promising for games for learning, since it 
shows that games that are able to match the expectations 
and requirements are able to capture a huge number of 
customers . Moreover, several new games (e.g. mobile, 

                                                           
1 http://www.seriousgames.org 
2 http://www.games4change.org 
3 http://www.gamesforhealth.org 
4 http://www.socialimpactgames.com 
5 http://www.gamesparentsteachers.com 

some consoles and new interaction modalities) are 
inexpensive to produce and run on low-cost computational 
platforms. 

New types of gaming/leisure environments also include 
Virtual Worlds (VWs). The frontier with SGs is quite 
blurred. Both rely upon the same virtual reality 
technologies and give emphasis to interactivity and 
immersion. VWs are being used by educational 
institutions to support learning, in particular given the 
possibility of overcoming the barriers of time and space 
for geographically distributed users. “The success, and 
wide reporting, of Second Life has helped to highlight the 
wider use of immersive worlds for supporting a range of 
human activities and interactions, presenting a wealth of 
new opportunities for enriching how we learn, how we 
work and how we play” [27]. 

SGs and VWs technologies allow the creation of 
realistic 3D environments, with full sensory representation 
and immersion. These environments, populated by 
players’ avatars and by Virtual Human Characters (VHCs) 
controlled by the computer’s Artificial Intelligence (AI), 
can re-present the appearance, behavior, beliefs and traits 
of specific cultures. This is the concept of Living Worlds 
(LWs). VHCs live autonomously in the LW and perform 
goal oriented activities, interacting with each other as 
people do in daily life. A player can interact with such 
VHCs (e.g. speak, provide or receive help, exchange 
objects). This communication happens through the 
cultural mediation modalities typical of the specific 
represented population. Thus, these environments allow 
players to live experiences contextualized in a precise 
cultural environment. For example, the US Army has 
developed a training SG to educate soldiers about foreign 
cultures (e.g. Afghanistan) [28]. While in the Palestinian 
context , players act as journalists investigating facts and 
beliefs about the conflict. 

III. INSTRUCTION AND COGNITION 

In order to design, develop and deploy effective tools 
for learning, it is necessary to consider all the stakeholders 
(users, educators, families, reserachers, 
developers/industries) and the whole cycle from research 
to market and vice-versa. From a scientific point of view, 
this needs considering a complex mix of disciplines and 
technologies, such as: Artificial Intelligence, Human-
Computer Interaction, networking, computer graphics and 
architecture, signal processing, web-distributed 
computing, neurosciences. These technologies are to be 
developed and exploited in a target-oriented 
multidisciplinary approach  that puts the user benefits at 
the centre of the process. Given the instructional goal, SG 
R&D should be strongly grounded in proper educational 
foundations. In other words, “Serious games use 
entertainment principles, creativity, and technology to 
meet government or corporate training objectives, but 
these principles alone will not guarantee that the intended 
learning will occur. To be effective, serious games must 
incorporate sound cognitive, learning, and pedagogical 
principles into their design and structure” [3]. 

In this regard, we believe that it is important to stress 
the point that, while serious games are frequently seen as 
“de facto” instructional, the combination of entertainment 
and knowledge acquisition is far from being immediate. 
Games are easily “per se” motivating – anche can be 
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succesfully employed with this aim. However, the next 
step towards instructional effectiveness is more difficult to 
accomplish. 

[29] argues that “although unguided or minimally 
guided instructional approaches are very popular and 
intuitively appealing, these approaches ignore both the 
structures that constitute human cognitive architecture and 
evidence from empirical studies over the past half-century 
that consistently indicate that minimally guided 
instruction is less effective and less efficient than 
instructional approaches that place a strong emphasis on 
guidance of the student learning process. The advantage of 
guidance begins to recede only when learners have 
sufficiently high prior knowledge to provide “internal” 
guidance”. In particular, [29] refers to the cognitive load 
theory (CLT) [30], that stresses that information needs to 
pass through the working memory in order to be learnt 
and stored in long-term memory. This requires explicit 
teaching because of the limitations of the working 
memory.  [29] highlights the importance that “instruction 
[is] based on the facts, laws, principles, and theories that 
make up a discipline’s content” and states that “it may be 
an error to assume that the pedagogic content of the 
learning experience is identical to the methods and 
processes (i.e., the epistemology) of the discipline being 
studied and a mistake to assume that instruction should 
exclusively focus on application”. “Not only is unguided 
instruction normally less effective; there is also evidence 
that it may have negative results when students acquire 
misconceptions or incomplete or disorganized 
knowledge”. 

Analysing user experience of Crystal Island, [31] 
reports that “high-achieving science students tended to 
demonstrate greater problem-solving efficiency, reported 
higher levels of interest and presence in the narrative 
environment, and demonstrated an increased focus on 
information gathering and information organization 
gameplay activities”. However, “lower-achieving 
microbiology students gravitated toward novel gameplay 
elements, such as conversations with non-player 
characters and the use of laboratory testing equipment”. 
Thus, they stress the need for “scaffolding techniques to 
promote effective problem solving, improved learning 
outcomes and sustained engagement for all students”. 
Observing the gameplay, the authors noticed that “high-
achieving students tended to utilize more traditional 
science resources such as textbooks and worksheets while 
attempting to solve the presented mystery. In contrast, 
low-achieving students employed the help of expert 
nonplayer characters and virtual lab equipment to aid in 
their quest”. These observations seem to stress the fact 
that learning is a complex activity that requires graduality 
and needs several steps, that have to be supported by 
various tools (e.g., paper and digital, reading and writing, 
etc.) and generally have to be guided, possibly by a real 
adult, in order to be meaningful/compelling for the learner 
and not to waste time and energies. 

Thus, free exploration or simulation of a potentially 
educational environment is not enough. The instructional 
process needs that the learner is guided and accompanied 
by a teacher/educator, so that he can get the sense, the 
meaning of what he is doing from the presence of a 
reliable adult. What computer systems (including games) 
can do is to support teachers - for instance by building an 
information rich and stimulating environment, providing a 

welth of data obtained by tracing the user and making 
comparisons, favoring personalization and feedback, 
supporting peer cooperation and dialogue with non-peers. 
Games can add by themselves a plot and mechanisms that 
keep the flow [32, 33] and continuously spur the player to 
imrpove. Some systems may even substitute the teacher, 
which may be useful for specialized topics and in case of 
cost, time and space barriers. But the reference to an 
educator would always be important [34, 35]. Moreover – 
beside motivating beginners to new topics -, games look 
promising as a practicing tool to apply and test knowledge 
acquisition rather than an “all comprehensive” teaching 
tool. 

[36] cites what they define an ecception to the CLT: 
“we do not need to go to school to learn to listen or speak, 
recognize faces, learn general problem-solving techniques, 
or learn about basic social interactions”. In such “basic 
areas not taught in educational institutions, immense 
amounts could be learned without explicit instruction”, 
but through “immersion in life experiences”. However, 
these exceptions are limited to very specific cases, in the 
infancy. And also in these cases, however, guidance is not 
to be neglected. For instance, parents have a key role in 
preparing the environment, giving indication, loving the 
child, etc. It is true that an additional language can 
sometimes be learnt easily, also by adults, through 
immersion in experinces, but only if it is similar to another 
one already known, so that learners have sufficiently high 
prior knowledge to provide “internal” guidance. 

CLT tells that overloading working memory inhibits 
learning. Fading worked examples (FWEs) have emerged 
from CLT as an effective strategy for lowering cognitive 
load by providing gradual exposure to concepts [Gray]. 
The paper states that developing effective FWEs requires 
thinking clearly about the concepts to be presented, 
decomposing them into their basic parts, and presenting 
those basic parts in terms of the multiple dimensions of 
the overall topic. Their “suggested use of FWEs is limited 
to individual constructs - discrete blocks of code [in their 
case of computer programming didactics]. It does not 
(cannot?) fully address the larger problem of program 
design. The belief, however, is that a deeper 
understanding of the design, semantics and testing of 
program parts will facilitate development of higher level 
program skills”.We can argue that FWEs could be a good 
paradigm for developing SGs, even if completely 
unexplored yet. 

Generally speaking, the cognition mechanisms are still 
far to be well known. Learning is quite a diverse ability. 
Different types of learning range from implicit learning 
(conditioning and motoric learning) to declarative learning 
(verbal facts or figurative contents). Different types of 
learning are subserved by very different neural structures, 
follow different trajectories and require different learning 
environments to be optimally efficient. Different 
neuroscientific methods can be used to track learning 
related changes in the brain. Brain Computer Interaction 
can be used to monitor learning during playing and to 
evaluate the learners’ mental state. Recently developed 
brain imaging techniques such as functional magnetic 
resonance imaging (fMRI) allow locating the areas within 
the human brain that change their level of activation due 
to learning. fMRI is extremely well suited to identify the 
brain areas involved in a specific task and to track learning 
related changes in activation [37]. 
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On the one hand these techniques and mesurements are 
useful to study new interaction techniques between 
humans and computers on the other hand games could 
provide original experimental contexts in which to study 
cognitive and learning processes, so that more effective 
teaching situations/conditions/contexts could be 
suggested. 

IV. SG DESIGN AND EXPLOITATION ASPECTS AND 

CHOICES 

In the previous section we have presented what we con-
sider as the cognition foundations for serious gaming. In 
this section we review the SG design research tackling hot 
topics, controversial points, promising lines and best prac-
tices. 

A. Components-Off-The-Shelf, ad-hoc implementation 
or customization? 

A major point concerns the choice whether to use 
COTS games or develop ad-hoc games for instructional 
use. 

We have already anticipated about the use of COTS 
business management games at DoD [13]. Richard Van 
Eck [5] argues that integrating COTS in the learning proc-
ess is promising for education, since it is more cost-
effective than developing SGs ad-hoc designed to support 
specific curricular activities. The paper provides many 
examples of COTS games already being used in the class-
room, including Civilization (history), Age of Empires II 
(history), CSI (forensics and criminal justice), The Sims 2 
(making complex social relationships), Rollercoaster Ty-
coon (Engineering and Business Management), and Sim-
City 4 (Civil Engineering and Government). For some of 
them there is a clear match between their explicit content 
and the classroom content. For others, the match is be-
tween a course aims and skills and the underlying strate-
gies and the game play. In any case it is important to be 
able to “easily augment the game with instructional activi-
ties that preserve the context (situated cognition) of the 
game (e.g., by extending the goals and character roles of 
the game into the classroom)” [5]. That is, not only should 
teachers know well about the game, propose specific tra-
jectories to the students and verify effectiveness. They 
should also insert the gaming experience in a sound over-
all educational framework. 

[38] highlights that “While some educators have 
adopted COTS games for use in the classroom, such 
games may not always meet the individual requirements 
of lecturers whose courses are tied to specific learning 
outcomes”. Their proposal of creating SGs through cross-
disciplinary team projects – their paper looks at “tensions 
generated between the pedagogical requirements (of lec-
turers), entertainment objectives (of games designers) and 
technical excellence (sought by developers)” - is reason-
able, especially at an initial phase, where several experi-
ments should be conducted in order to understand why, 
how, under what conditions and for whom and for what 
SGs can systematically help education. However, costs are 
very high and scalability issues relevant. 

Indeed, popularity of SGs has raised the need that 
“people without professional game design skills, such as 
teachers, corporate trainers, therapists and advertising 
professionals, request tools that could allow them to create 
or modify such games” [39]. The authors state that SGs 

already exist in several domains, but “they are only de-
signed by professional game designers”, while “offering 
the ability to create prototypical Serious Games with sim-
ple tools to a market studying an area of knowledge but 
lacking game design skills should allow more diversity in 
“Serious Games” and bring more attention to them”. As a 
preliminary investigation [39] have analysed “Gaming 
2.0” examples, as a way for players to create videogame 
content without skills from the entertainment videogame 
industry, concluding that more specific “serious” tools 
should be explored for SG design. 

B. Tools and methodologies for development/adaptation 
of SGs 

Customization of games could be an interesting area for 
the future. In any case, efficient development of effective 
SGs is a huge concern for research since development 
costs are one of the major drawbacks of instructional tools 
[40]. There is now the need for tools/methodologies that 
enhance development of SGs [41]. Delta3D [42] is an 
open source GE that is being extended with facilities 
aimed at supporting efficient building of AI-enhanced 
SGs. Such extension modules include: finite state ma-
chine, waypoint-based navigation, and support to coding 
AI in high-level script languages. Current developments 
involve application of predictive models that learn from 
the flow of events and allow a more proactive agent be-
havior. 

StoryTec [43] is a storytelling platform consisting of an 
authoring environment and a runtime engine. The plat-
form allows keeping the story structure separated from the 
story content. Hence, it is possible to create and play dif-
ferent story peculiarities (for instance 2d vs 3d) based on 
the same story structure and subsequently use different 
players to be controlled via high-level commands from the 
Narration Controller. 

Adaptive educational games offer a motivating envi-
ronment reinforced with a personalized learning experi-
ence. However, adapting a game to enhance its educa-
tional benefit may endanger its intrinsic motivation and 
flow. ALIGN is a generic and reusable architecture 
designed maximize re-use in developing adaptive SGs by 
focusing on provision of user motivational and hinting 
support and meta-cognitive feedback [44]. 

RETAIN is an SG design paradigm aimed at applying 
instructional strategies concurrent to game development 
[45]. It highlights the importance of the presentation and 
feedback of the didactic choices to the player and their 
linkage to reinforce the lesson and test the transfer of 
knowledge. This interesting approach is general may be 
used in several different contexts. 

Research has focused on how to attach the adaptation 
problem also after the game development stage. [2] pre-
sents SeGAE, an author-friendly environment that offers 
to instructors a set of editors in order to modify the game 
design by defining new characters, objectives, victory 
conditions, authorised actions among other objects in the 
serious games.  

Adaptivity, which is key to avoid stereotyped training 
scenarios and predictable game-play, is a matter also of 
supporting instructors in exploiting their knowledge about 
both players and learning goals in order to provide more 
effective gaming and learning experiences. [46] presents a 
teaching-through-SG framework to enable instructors to 
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create adaptive scenarios through specification of what 
players have to learn (pre-game scenarios), how they 
should learn it (in-game adaptable objects and events) and, 
afterwards, what went missing (post-game scenarios). 

Other tools and methodologies for develop-
ment/adaptation of SGs will be presented in the next sec-
tion, that considers the family of SandBox Serious Games. 

C. Intelligent tutoring 
Intelligent tutoring [47, 48] has proven effective for 

learning, but its application in the field of gaming is more 
difficult, also because games need to support appealing 
and meaningful player agency. Interactive Narrative tech-
niques have been investigated to this end. The Interactive 
Storytelling Architecture for Training (ISAT) provides 
tailored training experiences within an interactive story 
experience [49]. The central component of the system is 
an intelligent director agent responsible for individualizing 
the training experience. The director reacts to trainee ac-
tions within a scenario, dynamically adapting the envi-
ronment to the learning needs of trainee as well as the 
dramatic needs of the scene [50]. 

Narrative-centered learning environments are an impor-
tant class of educational games that situate learning within 
rich story contexts [31]. [51] presents a framework for 
creating interactive narratives for entertainment, educa-
tional, and training purposes based on an experience man-
ager agent, which is a generalization of a drama manager. 
The Experience Management Framework involves semi-
autonomous characters agents that show believable, realis-
tic behaviours and are able to choose their own goals and 
how to execute them, giving rise to emergent narrative 
when interacting with humans. If a user activity makes 
changes in the world status that make it inconsistent with 
the currently executing narrative plan [52], the Automated 
Story Director intervenes, also giving directions to the 
characters agents, in order to adapt the narrative plan by 
selecting the most applicable contingency plan from a tree 
of narrative adaptations. The IN-TALE interactive prac-
tice environment is an example application of the system 
in the field of education, in particular to promote the prac-
tice of cognitive skills such as decision making and lead-
ership [53]. 

Crystal Island is an environment that supports an in-
quiry-based approach, where the story is a sort of a con-
tainer of elements to be taken in considerations in order 
for the player to solve problems in the domain of biology 
[54]. 

Thespian is an interactive drama system supporting 
goal-driven decision-theoretic multiple agents that are 
responsive to user’s interaction while maintaining consis-
tency with their roles in the story [55]. Thespian specifi-
cally allows encoding learning goals [56], so that virtual 
characters can assist the learner, provided he has a proper 
approach to the dialogue. Moreover, characters have a 
goal that the learner acquire skills specified by the peda-
gogy. A character can then use its mental model of the 
learner as a student model to measure the degree to which 
the pedagogical goals are achieved. 

Emergent narrative is a type of narrative framework in-
spired by the role of the Game Master in non computer-
based role-playing games that are seen as genres in which 
narrative structure and interactive freedom are often suc-
cessfully reconciled [57]. Given that there is no longer a 

unique, pre-determined plot, the methods applied in other 
story managers, designed to defend such a plot against the 
variability introduced by interactive freedom, seem inap-
propriate. To this end, a story facilitator has been imple-
mented within a character-based system using the 
FAtiMA agent architecture [58]. The concept of emergent 
narrative should not be seen as one in which characters are 
thrown together in the hope that narrative experience will 
emerge, RPGs indicate that reconciling the creative pow-
ers of interaction and the structural imperatives of the au-
thor are feasible provided plot is seen as a guide to what 
actually happens rather than a strait-jacket to be imposed 
upon participants. A Narrative Engine with emergent story 
properties is being developed also in the TARGET project 
[59]. A main motivation of the system is to provide be-
lievable, emotional agents. For this reason we are using an 
extension to the proven technique of BDI based agents 
with a modified OCC Theory of Emotions [60]. The OCC 
theory which sees the emotional process as based on ap-
praisal, so that emotions are valenced (good or bad) reac-
tions to events. 

The two major approaches to interactive narrative: 
emergent approaches utilizing autonomous virtual charac-
ter agents, and drama management approaches utilizing 
semi-autonomous virtual character agents were compared 
by [61]. The comparison is not direct, but exploits im-
provisational theatre as an idealized, human analogue to 
computational interactive narrative. Results suggest that 
drama management systems look advantageous when par-
ticular features are required to emerge in players' interac-
tive experiences, thus we may consider them as more 
suited for instructional contexts. 

D. Virtual Coaches and affective learning 
Some SGs feature AI-driven avatars that are part of the 

game’s narrative and are aware of the gamer/student mo-
tivation. Such motivational coach avatars exploit cognitive 
modelling techniques that allow taking informed decisions 
about the gamers’ skills in a learning topic and in so do-
ing, personalizing the interaction [62]. The use of syn-
thetic avatars has been shown to be intrinsically motivat-
ing, helping the learner to achieve higher degrees of learn-
ing [63]. 

[64] describes the work-in-progress development of an 
interactive 3D training application generated using com-
ponents of the Unreal game engine that facilitate the learn-
ing of various fundamental coaching methods via the in-
teractive completion of a variety of interrelated tasks. The 
system involves six gym training units: dynamic warm-up 
and stretch; fun warm-up game, domes and dishes; fast 
foot ladder activity; balance and coordination; Hand-eye 
reaction using visual acuity ring; cool-down. 

While gaming technologies have known tremendous 
improvements in computational/networking performance 
and the physical realism of characters and environment, 
the affective/psychological realism of characters and their 
social interactions has not reached similar levels. Achiev-
ing good results in these areas is expected to make SGs 
more effective and engaging as teaching and therapeutic 
tools. [65] outlines an ambitious set of requirements for a 
game engine capable of supporting the development of 
affective games: games capable of recognizing the play-
ers’ emotions, adapting the gameplay and game character 
behavior to these emotions, and able to generate affec-
tively-realistic social interactions among game characters. 
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This is “an ideal set of requirements, which is currently 
well beyond the state of the art in affective computing and 
affective modeling”. However, such requirements “would 
be divided among several constituent tools, analogously to 
the current division between game engines proper (provid-
ing the simulation and animation support), and the defini-
tion of the 3D objects populating the game environment”, 
thus defining a modular architecture able to address Non-
Player Characters (NPCs) emotional and affective realism. 

SGs look to have a good potential to support affective 
learning. This requires recognition and interpretation of 
emotions and a consequent creation of emotional experi-
ences able to motivate players and deepen learning. More-
over, there is also a need to understand affective represen-
tations and mechanisms that games support. Studying 
these topics, [66] propose an outline of an approach to 
designing games especially for affective learning, by iden-
tifying the key principles, creating a repertory of affective 
learning game patterns, and using methods to contextual-
ize gameplay and facilitate learning. The authors intro-
duce the “affective walkthrough" method for identifying 
affective learning during gameplay, The method can be 
used to support the huge amount of study yet to be per-
formed in the area, in particular to analyse games that in-
volve some affective learning, to “identify and document 
recurring design patterns that emerge”. These patterns 
then “need to be studied to determine whether affective 
learning really does occur, and whether it transfers beyond 
the gameworld”. 

FAtiMA [58] is an outstanding example of an agent ar-
chitecture used for synthetic agents in which emotions and 
personality take a central role in influencing behaviour 
and thus achieving more believable agents. In FAtiMA 
emotions are based on the OCC cognitive theory of emo-
tions [60]. FAtiMA has been extended in the direction of 
an architecture modeling culturally-specific agent behav-
iour, ORIENT [23], as we will see in the next sub-sction. 

Affect sensitivity is of high importance also for a robot 
companion to be able to display socially intelligent behav-
iour, which is a key requirement for sustaining long-term 
interactions with humans. [67] presents a naturalistic sce-
nario in which children play chess with the Philips Re-
search iCat robot companion. A person-independent, 
Bayesian approach to detect the user's engagement with 
the iCat robot is presented. The framework models both 
causes and effects of engagement: features related to the 
user's non-verbal behaviour, the task and the companion's 
affective reactions are identified to predict the children's 
level of engagement. Experimental results show that the 
approach based on multimodal integration of task and 
social interaction-based features outperforms those based 
solely on non-verbal behaviour or contextual information. 

[22] presents a VR baby-feeding training simulator. The 
study is interesting to show the potential for “human simu-
lation”, even if they highlight the lack of addressing key 
factors in particular about the personality of the baby. “A 
baby may for instance be more inclined to be fed by a 
parent than a new babysitter. Babies at various ages and 
from different cultures interact with adults at various lev-
els”. Moreover, it should be stressed that humans have 
freedom and reducing it to computer simulation may be 
useful in several cases (in particular for statistics) but is 
not able to represent the complexity of the human reality, 
in particular when considering relationships between sin-
gle persons. 

E. Living Worlds 
Living Worlds (LWs) are VWs populated with NPCs 

that live autonomously and perform goal oriented 
activities, interacting with each other as people do in daily 
life. These environments are very promising as settings for 
educational activities, in particular for the cases in which 
immersion in real-life situations is particularly appropri-
ate, such as for learning a language, or how to interact 
with people of different cultures or attitudes (e.g. a crimi-
nal gang). 

Mainly because of the globalization phenomena, people 
culture is emerging as a critical area of study. Serious 
games, particularly those associated with cognitively 
complex LWs, offer a promising area of research and cre-
ate new thresholds for visual, auditory, behavioral, and 
emotional representations [28]. The authors have devel-
oped a complex LW, set in Afghanistan, with a virtual 
cultural trainer such as the 3D Asymmetric Domain 
Analysis and Training (3D ADAT) model, a recursive 
platform for the development and visualization of dy-
namic sociocultural models. This model integrates visuali-
zation, sound design, and behavioral and cultural model-
ing with recursive assessment tools to create a living 
world that is sensory and culturally realistic, and can cap-
ture cultural nuance on both the macro and micro level. 
The authors argue that with the correct content, the plat-
form could introduce players to serious game representa-
tions of any framework, be it global, national, corporate, 
or social. 

[68] presents Tactical Iraqi, a videogame that is de-
signed to accelerate a learner’s acquisition of spoken Ara-
bic to assist in the rapid deployment of soldiers into vola-
tile tactical situations, and Virtual Iraq, a virtual reality 
simulation intended to lessen the effects of Post-Traumatic 
Stress Disorder among combat veterans. The authors ar-
gue that these VR worlds enable participants to develop 
forms of cultural literacy that soldiers would otherwise be 
lacking. 

US military personnel engaged in civil affairs and 
peacekeeping operations that are making extensive use of 
game-base situated cognition courses prior to overseas 
deployments report that the linguistic and cultural compe-
tence that they gained from the courses had a significant 
impact on the effectiveness of their operations [69]. For 
instance, a US Marine unit recently attributed its success 
(completion of a tour of duty in Iraq without a single 
combat casualty) to its enhanced ability to develop rela-
tionships and establish rapport with the local people. The 
basis of the approach relies on the idea that “intercultural 
competence involves awareness of the differences be-
tween cultures, knowledge about the beliefs, values, and 
practices of other cultures, and the skill to apply that 
knowledge effortlessly and effectively in interpersonal 
interactions”. In their approach – which is common to 
other military applications [68, 28] -, “videogame tech-
nology is used to create virtual worlds populated by non-
player characters that speak and understand the target lan-
guage, and behave in accordance with the norms of the 
culture. Conversational artificial intelligence technology 
enables learners to engage in spoken conversations with 
the non-player characters. Learners must speak the target 
language, and behave in a culturally proficient manner, in 
order to succeed at the game” [69].  
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ORIENT [23] is an agent architecture based on the 
FAtiMA affective agent architecture extended to model 
culturally specific agent behavior. The motivation was the 
implementation of a believable educational application 
aimed at developing inter-cultural empathy for 13-14 year 
old students. The work exploited literature on cultural 
taxonomy and adaptation to other cultures as well as work 
showing that users are sensitive to the perceived culture of 
believable interactive characters. 

Similarly, [70] present an agent architecture based on 
cultural factors as “they are a crucial aspect of human so-
cieties”. Studying the complexity of the term “culture”, 
the authors have pointed out some common and relevant 
components that distinguish cultures: rituals and values. 
Their work defined the concept of ritual, “a symbolic so-
cial activity that is carried out in a predetermined fashion”, 
and integrated it into the FAtiMA agent architecture for 
synthetic characters. The concept of ritual is modelled in 
the architecture as a special type of goal with a pre-
defined plan. An experiment was then conducted using 
these two scenarios in order to evaluate if users could 
identify different cultural behaviour in the two groups of 
characters, that only differed in their rituals. The results 
show that users do indeed identify the differences in the 
two cultures and most importantly that they ascribe the 
differences to cultural factors.  

The above are technologically outstanding examples of 
complex environments that have been used in training and 
education. Again, we stress the necessity of integrating 
smart guidance within the immersive experience that these 
VR environments can guarantee. This requires intelligent 
tutoring (possibly by a human teacher assisted by the sys-
tem) and game mechanics that are appropriate for instruc-
tion. And understanding what mechanics are good in 
which context. 

F. Game mechanics 
Despite the abundance of literature on SGs, few papers 

provide a detailed description of the specific SG mechan-
ics (and underlying methodologies) through which a topic 
is “translated” into a SG. Still, “many educational games 
do not properly translate knowledge, facts, and lessons 
into the language of games. This results in games that are 
often neither engaging nor educational” [71]. The authors 
suggest that design should combine “the fantasy elements 
and game play conventions of the real-time strategy (RTS) 
genre with numbers, resources and situations based on 
research about a real-world topic”, such as energy, agri-
culture, etc. In this way the player should be able to learn 
simply by “trying to overcome the game’s challenges”. 
This is a clear and simple, general indication, but the ref-
erence to RTSs seems especially suited to managerial 
simulations. [71] support “procedural rhetoric”, a frame-
work for designing educational games [72]. “Drawing 
analogies to verbal and visual rhetoric, Bogost defines 
procedural rhetoric as “the practice of using processes 
persuasively” [73]. Using this framework, the game de-
signer does not just create an interactive simulation for the 
player, but specifically infuses it with gameplay rules (i.e. 
procedures) that form a compelling argument. The rules 
could be designed to present a particular viewpoint or they 
could simply model known and widely accepted facts. 
Using the latter approach, a game that models the real-
world energy economy could thus be used to make an 
argument about energy production and use and its effect 

on the environment. Players would then learn about these 
issues simply by playing the game” [71]. We could argue 
whether this approach leads to learning or (emotively) 
creating awareness – in particular considering the first 
approach, which stresses a viewpoint from which to pre-
sent issues (in particular for encouraging “behavior 
change” – e.g., [82, 24, 83]). We certainly agree that “the 
real world is ripe with problems and situations that could 
easily inspire game mechanics that are interesting for their 
own sake. For example, a game about building and man-
aging a transportation system for a city could allow play-
ers to explore different modes of transportation while try-
ing to balance costs related to construction and mainte-
nance of the infrastructure with congestion, pollution and 
fuel efficiency” and that the foundation that “using fun as 
the catalyst for the learning process is solid”. However, 
translating facts and characteristics in games for effective 
learning is complex and represents a still largely unex-
plored educational research area, at least for non business-
management disciplines. 

CancerSpace is a game format that incorporates aspects 
of e-learning, adult-learning theory, and behaviorism the-
ory to support learning, promote knowledge retention, and 
encourage behavior change [82]. CancerSpace’s design 
encourages self-directed learning by presenting the play-
ers with real-world situations about which they must make 
decisions similar to those they would make in clinics. The 
targeted users are professionals working in community 
health centers. The authors stress the main peculiarities of 
the game with respect to a mere collaborative 3D e-
learning environment. The first point is about role-
playing: the user has to help the clinical staff evaluate the 
clinical literature, integrate the evidence into their clinical 
decision-making, plan changes to cancer-screening deliv-
ery, and accrue points correlating to increased cancer-
screening rates. The user takes decisions and observes 
whether the chosen course of action improves the cancer 
screening rates. 

The game includes a small number (four) of patient-
provider interactions in which the decider must talk with a 
patient reluctant to get screened, try to educate that pa-
tient, and hopefully get him or her screened. The Decider 
must negotiate cultural and language barriers as well as 
the patient’s changing attitudes toward screening. The 
player’s conversation choices are evaluated in prepro-
grammed decision trees, leading to success (the patient 
decides to get screened) or failure. 

Chance is considered an important entertainment and 
variability feature. To this end, wildcards are imple-
mented, that reflect certain unplanned events common to 
community health centers such as a budget cut, funding of 
a grant, or a staff member transferring to another clinic. 

Other critical factors for CancerSpace concern the use 
of audio elements such as buzzers, chimes, and other 
sound effects, combined with video elements such as 
quick animations indicating an incorrect answer and a 
mentor character showing emotions ranging from strong 
disapproval to strong approval. 

To stimulate gameplay, CancerSpace has adapted an 
award system, that motivates players to increase screening 
rates. The CancerSpace scenarios in which the decider 
guides the virtual clinical staff are based on research-
tested interventions and best practices. Users receive 
points on the basis of their performance. At each game’s 
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conclusion, a summary screen indicates which decisions 
the player implemented and their effect on the clinic’s 
screening rate.  

In their LW for cultural training in Afghanistan, [28] 
stress several mechanics. First and foremost, the main 
objective: the player wins by successfully interpreting the 
environment and achieving the desired living-world atti-
tude toward him. The entire living-world game space is 
fueled by the knowledge-engineering process that trans-
lates the essential elements of the culture into program-
mable behaviors and artifacts. For instance, “In Afghan 
culture, older men have great influence over younger men, 
women, and children through local traditions and Islamic 
law”. “Ideologically, the guiding principles of Afghan 
culture are a sense of familial and tribal honor, gender 
segregation, and indirect communication”. All the NPCs 
in the game are modeled accordingly. These models con-
trol activities ranging from gossiping to daily behavior 
such as traffic/errands. The overall social environment is 
modeled as well (e.g., simulating generation of factions 
and shuras). Winning in the game “simply” requires suc-
cessfully navigating cultural moves in the game space thus 
achieving a good overall attitude of the village toward the 
player. 

NPCs are highly realistic both in their aspect and in 
their movements. Sound is designed keeping into account 
three dimensions: global (e.g., weather conditions and 
distance traffic), regional (e.g., a radio in the room) and 
local (e.g., footsteps, voices). 

Another key aspect is serious-ness about assessment. 
The underlying 3D ADAT model, that allows for analysis 
of the cultural behavior exhibited by the player in the 
game. Conversations and interactions between the NPCs 
and the player are recorded through a text log to provide 
game performance analysis. The assessment tool lists all 
possible choices for player behavior and conversation, 
highlighting both the player’s choice and the most cultur-
ally appropriate response. The tool provides scores on the 
opinion of the player at the NPC, faction, and village 
level. Additional comments can be provided that highlight 
the player’s weaknesses, explaining why a particular re-
sponse is most appropriate. Feedback is thus provided to 
improve future performance. 

Describing lessons learnt about what makes games use-
ful from a therapeutic point of view, [83], that designed 
and user tested stroke rehabilitation games, highlights the 
importance of the following attributes: ensure playability 
for a broad range of  patients: multimodal input, provide 
examples, direct and natural mappings; ensure games are 
valuable from a therapeutic perspective: ensure that users’ 
motions cover their full range, detect compensatory mo-
tion, allow coordinated motions, let therapists determine 
difficulty; ensure that games fun and challenging: audio 
and visuals are important, automatic difficulty adjustments 
provide adequate challenge, Non-Player Characters and 
storylines are intriguing. Future steps concern creation of 
connections with friends and family members, and support 
of socialization. 

As we have seen, playing games can be cognitively 
demanding, thus making it difficult, especially for begin-
ners, to distinguish between relevant and irrelevant infor-
mation. Moreover, some games could be “eccessively 
compelling”, thus preventing a player from correctly con-
centrating on the instructional material or procedures to be 

learnt. [84] have addressed this issue by trying to subtly 
cue the attention of the player to the relevant material. The 
authors have empirically tested the use of auditory cues to 
guide the player in learning the correct procedure in a 3D 
serious triage training game. Learning did not significantly 
improve in the auditory cueing condition and mental 
model construction was even significantly worse in the 
cueing condition, as compared to a control group with no 
cues. The tests revealed that “the participants probably 
hardly noticed or understood the auditory cues. This could 
indicate that in cases where the player has to learn a cer-
tain technique, the more explicit visual cues as used in 
contemporary videogames, while realism-breaking, may 
in fact be necessary in order to have the player notice 
them”. 

[85] presents an interesting new SG approach that can 
be applied to general algorithm learning and visualization. 
Algorithm Visualization using Serious Games (AVuSG)  
visualizes an algorithm to be learned in four forms: a text, 
a owchart, a game demo, and a game. The AVuSG 
method also integrates learning theories and models in 
addition to motivation theory (namely: Bloom, Gagnè and 
Constructivism) to simplify algorithm learning. The over-
all framework is intended to be used, with different roles, 
by both instructors and students. 

Another key aspect for gaming and learning is online 
collaboration, that can involve learners and educators, 
increasing availability and reducing barriers due to space 
and time [86]. Collaboration is a key skill for current jobs 
and practicing collaboration in concrete simulation tasks is 
expected to be highly beneficial (e.g., [35]). 

G. HCI 
Human-Computer Interaction is a fundamental aspect, 

in particular for computing systems that support typically 
human activities, such as instruction. Successful video-
games have always been characterized by high-quality 2D 
or, now ever more, 3D graphics. This feature has made 
them very appealing to a wide slice of population and has 
to be kept also by educational games, if they want to be 
attractive. 

However, the HCI of a system must be functional to the 
users and overall targets (instructional, in our case). Thus, 
the HCI should be designed in order to maximize the ex-
pected benefits for the users. [87], starting studies that 
indicate “that creating serious games with player immer-
sion as the single driving design goal is an imprecise 
method for targeting specific learning objectives”, pro-
vides a framework for aligning the visual style of a SG 
with the expected learning outcome. The proposed 
framework, that aligns visual design style with the six 
levels of cognition described in Bloom's original taxon-
omy, is under testing. 

VR environments are very powerful for simulations, as 
they can guarantee immersivity. But realism for educa-
tional targets requires that also the input and output mo-
dalities are highly corresponding to the reality. This 
stresses the importance of Natural Language Processing 
(NLP) algorithms and of high-precision haptic devices 
with feedback forces to render the haptic feedback, which 
is crucial, for instance in surgical education [19]. 

In general, since videogames usually require constant 
interaction, usability issues are key in design. [88] pro-
posed a set of heuristics by analyzing PC game reviews 
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and identifying twelve common classes of usability prob-
lems. A preliminary evaluation of the heuristics suggests 
that they help identify and avoid game-specific usability 
problems. Similar usability have been proposed in [89]. 

Another well known issue is accessibility, whose rele-
vance for education is apparent [90]. Concerning games 
[91] has introduced the concept of universally accessible 
games. 

V. SANDBOX SERIOUS GAMES 

The VW in which a game is set can provide itself an 
important value for instruction. [92] stresses the “huge 
potential for serious games within geography”, since game 
can foster associative learning and presence and place 
may help this in contexts where. The possible scope is 
even broader than only geography. The advantage of asso-
ciating units of knowledge with landmarks in an environ-
ment (e.g., a public building) is well known and exploited 
in the “method of loci”, or “art of memory”, in classical 
rhetoric [68]. To memorize a speech, the orator breaks 
“the text into pieces, each of which is symbolized by viv-
idly imagined symbols or signs. In the mind's eye, the 
orator places each of these images into the loci” (the loci 
are places in the environment/building that the orator has 
visited sequentially and can remember very well). “Ob-
jects of discourse can then be recalled in a precise order 
by imagining walking through the building again, visiting 
each of the loci sequentially, and viewing each of the im-
ages that was placed in the loci, thereby recalling each 
piece of the speech in the proper order [93, 94, 95, 96]”. 
This method “can also be applied to 3D graphical worlds 
with immersive multi-sensory environments”, as [68] has 
shown in her work on “Virtual Iraq”, concluding that “the 
common experience of walking or driving slowly, how-
ever, is uniquely well-designed for recognition and reinte-
gration of specific memory cues”. 

Actually, several effective SandBox Serious Games 
(SBSG) – they also have a counterpart in successful pure 
entertainment games, such as Grand Theft Auto6 and 
Oblivion7 [97] - have an organization that that tends to 
support players in building a suited knowledge structure 
for the addressed topic(s) [19]. In rough terms, the model 
consists of: (1) a concrete spatial organization - the VW - 
where knowledge is distributed (e.g., human body [98], 
hospital [99], Ocean [100]) and that induces spatial infor-
mation processing and provides landmarks to support ori-
entation [101]; (2) contextualized tasks, that are spread 
and contextualized in the VW. Tasks embody units of 
knowledge that can be discovered and accessed by the 
player. The Task Based Learning (TBL) theory [102, 103] 
stresses the importance of concrete, focused activities to 
construct knowledge and develop skills. 

A player explores the environment accomplishing prob-
lem-centered missions that involve learning material that 
is organized as a sequence of small chunks - tasks – each 
of which has a specific, limited instructional target. Use-
fulness of this approach has been argued in [104] in com-
parison with independent minigames, and tests have 
shown its validity to provide satisfactory enjoyment lev-
els, according to frequent gamers [89]. [105] highlighted 
the importance of stimulating learners to ask questions 
and provide context-sensitive, timely, accurate answers. 

                                                           
6 http://www.rockstargames.com/IV/ 
7 http://www.elderscrolls.com/home/home.php 

They developed a generic inquiry management tool, 
named MyLA (My Learning Assistant), that exploits a 
multimedia database to ask questions and provide more 
information to players during their actual VW exploration 
or game adventure.  

Missions’ complexity grows up gradually towards ever 
more complex objectives. The entry level itself provides 
opportunities for learners to work immediately on mean-
ingful, realistic problems. This prevents the need for tex-
tual training that may be considered as boring by several 
users [106].  

Learning scenarios are presented with the aim to main-
tain the performance of learners in a “narrow zone” be-
tween too easy and too difficult [3, 107], the Zone of 
Proximal Development (ZPD) [109]. 

Tasks may be instances of templates (e.g. various sorts 
of minigames with different contents [109]), with the ad-
vantage that interaction modalities can be re-employed by 
the player in several contexts, keeping the cognitive load 
low. Moreover, development of tasks can be efficiently 
supported by an authoring toolkit, allowing teachers, and 
even students, to develop/customize content [109]. 

Availability of a large database of semantically anno-
tated tasks, that can be distributed in meaningful land-
marks in the VW, leads to the possibility of implementing 
games that rely on the dynamic scheduling of tasks. [20] 
presents an Experience Engine (EE), that exploits compu-
tational intelligence algorithms to schedule tasks matching 
the needs estimated by profiling the user performance and 
with the aim of keeping the flow. The EE 

In the proposed approach, a game does not need a de-
tailed story specification. There is a high-level challenge 
(e.g., a treasure hunt), that spurs players to competi-
tion/cooperation through explorations of a VW. This sim-
ple narrative structure would cause a minor cognitive load 
to the player, leaving more space for knowledge acquisi-
tion. 

Considering content production, this approach would 
imply a shift of focus, from narrative to the actual educa-
tional contents (the tasks), that could be easily produced 
also by teachers [109]. This is promising to provide users 
with high quality, content-rich multimedia educational 
experiences. 

There is the risk that the player may feel a “clunky” ex-
perience, since the author is not required to specify a 
complete narrative. However, SandBoxGames are suc-
cessful on the market (e.g., Grand Theft Auto and Obliv-
ion), where the player builds his own narrative experience 
by interacting with contextualized situations and mini-
adventures during a geographic exploration of a wide en-
vironment. The game author specifies such situations and 
the game’s general rewards/competition mechanisms, not 
the details of the plot. 

VI. CONCLUSIONS 

Serious Games represent an acknowledged potential for 
instruction, because they are able to strongly motivate 
learners, in particular to create awareness about a topic. 
They can also provide immersive environments where 
advanced users can practice knowledge and skills, also 
exploiting multimodal interaction. They can combine the 
effectiveness of computer processing and data storage 
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(e.g., for personalized teaching), with high levels of attrac-
tiveness.  

While several SGs have been developed, still the litera-
ture lacks of significant, extensive user tests. Collecting 
qualitative and quantitative feedback from already imple-
mented system is a necessity largely highlighted in litera-
ture (e.g., [19, 20, 21, 22, 23, 9, 17, 24]). 

Further research is necessary to investigate in greater 
detail the real effectiveness of the various types of SGs. 
There are several questions that require an answer, in or-
der to avoid technology pushing and drive technological 
research in the most suited and useful directions for end-
users and stakeholders. Are SGs good for education or 
only for training? For what instructional objectives is an 
SG useful? Why? For whom (specific types of users, e.g., 
in terms of learning styles)? Are there some disciplines 
that lend themselves better to SG? How can collabora-
tive/social learning be supported? For what subjects? How 
should it be used? For how long? In which contexts? With 
what mediation? How can it be ensured that users are fully 
aware of the distinction between real and virtual worlds? 
How can it be ensured that “trainees have a serious atti-
tude and understand that a failure in the game could be an 
unforgivably serious mistake in reality” [19]? What are 
the obstacles to using SGs? What are the facilitators? 
What are the advantages/disadvantages? What types of 
skills are solicited, promoted or penalized by different SG 
approaches? What is the relevance of the social context? 
How can an effective dialogue between students and 
teachers be supported? How can students and educators 
use SGs for a balanced growth of the person? How can 
teachers be trained and supported in the use of the new 
tools?  

We believe that deepening the analysis about these is-
sues - that range from requirements elicitation to design 
and from deployment to use and evaluation - is key to 
strengthen the foundations of SG research, for which we 
identify four major directions: 
 Definition of metrics and evaluation tools (in particu-

lar concerning the tracking of the actual learning pro-
gress) to be employed for an objective assessment of 
games 

 Methodologies and tools for designing games from 
various topics and for various users. Practices, meth-
ods and metrics to integrate games as tools for formal 
teaching 

 Computing and communication architectures (e.g., 
enhancing the current engines/agent architectures for 
managing  personalization and experience, narrative, 
affectivity and emotions, assessment engines 

 Technologies that can enhance the overall system 
performance (e.g. modeling and simulation, Virtual 
Reality, Human-Computer Interaction, data mining, 
machine learning) 
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