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Abstract: Caused by a deviance of their reward system,
autistic people show attention deficits for learning con-
tent outside their special fields of interest. This can lead
to significant problems, especially in formal learning situ-
ations. A promising approach to increase attention is the
use of game-based learning concepts. The effect of indi-
vidual playful aspects could be shown in existing learning
systems. However, these do not provide consistent game
experiences, which may result in a decreasing motivation
for training. Therefore, this paper presents requirements
as well as a related game concept to integrate the learning
content with a playful narrative in order to promote moti-
vation and attention for socio-emotional training.

Keywords: game-based learning, immersion, flow,motiva-
tion, autism spectrum disorder

1 Introduction

Promoting learning means taking on specific and some-
times even unexpected challenges from the perspective of
diversity and inclusion. These may be so unusual, at least
with regard to the inclusion of autistic individuals, that
theymay require specific consideration of particular forms
of teaching. In this article, the specific challenges in the
learning of autistic people are considered and a dedicated
solution is presented to address these challenges.

The term autism refers to people with certain similar-
ities, some of these are determined by diagnostic criteria
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[3]. However, autistic people also have numerous individ-
ual differences, which makes the phenomenon of autism
appearing comparatively blurred. Therefore, the broader
termautism spectrumdisorder (ASD)was introduced to re-
place the previous names of different types of autism such
as Kanner Autism, Asperger Syndrome and High Func-
tional Autism.

Autistic people are mainly impaired in terms of learn-
ing because of their narrow interests and their difficulty to
take in externally controlled learning content with appro-
priate attention [33]. These deficits in the variety of inter-
ests and in the ability to conscious attention control are
elementary components of the autistic syndrome [1]. In
this context, the better inclusion of autistic people and,
thus, appropriate consideration of their needs in the edu-
cational systemhas a high potential for social benefit. This
is especially true since autistic people – despite good edu-
cational qualifications – are far above average affected by
unemployment [44].

This problem has a particularly unfavorable effect if
autists are to be trained in the perception of emotions by
looking at human facial expressions, which is a necessary
basis for social interaction. The trainability of emotionper-
ception by IT-supported systems is currently investigated
in psychological research (cf. Section 2). In principle, pos-
itive effects on motivation and attention could be deter-
minedwhenautistic learners use IT-supported training [5].

Autists usually donot have a great self-interest in look-
ing at faces [51]. Consequently, there is a problem with
attention and motivation for such training. A system for
training the recognition of emotions from looking at fa-
cial expressions can, therefore, benefit in particular from
appropriate forms of promoting attention and motivation.
Computer games intrinsicallymotivate and can, therefore,
support self-motivated learning. Since computer games
are often among the special interests of autistic people [39]
the integration of such training sessions is promising [35].

In the following, related work and requirements for
such a game-based training are presented. Building on
this, a training concept addressing these special require-
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ments as well as a technical design for the implementa-
tion of the concept will be shown. Finally, evaluation ap-
proaches and first findings are discussed. This is the ex-
tended and updated version of [57], which was awarded
as best paper at the DeLFI conference in 2018.

2 Related Work

In addition to other impairments, autistic individuals have
particular difficulties in recognizing other people’s emo-
tions from their facial expressions [7]. It plays an essen-
tial role that autistic people tend to avoid looking at the
eye area and instead prefer to observe the mouth region.
However, since some emotions are primarily readable by
important signals in the area of the eyes, emotion recogni-
tion is impaired [13]. Existing training systems for socio-
emotional competencies use, among other things, video
recordings with which the learner can practice the inter-
pretation of different emotion expressions [4, 23, 38, 19,
55]. The effectiveness of these systems and the generaliz-
ability of the trained content on everyday life is a current
research topic. However, many of these training systems
have problems when it comes to persistent user motiva-
tion. Also, there is a focus on training systems for children
with an autism spectrum disorder in the current research
[9]. Particularly, mobile technology can help autistic per-
sons in their everyday life and advance outside a clinical
scope [37].

A common approach to promote engagement, motiva-
tion, and fun in learning contexts is to employ gamifica-
tion or game-based approaches. There are examples that
kept players interested and in a game for hours, weeks,
and even years [28]. The feasibility of computer games
was investigated in an interview study with 58 adults with
autism spectrum which showed that there is a strong in-
terest in computer games [39]: Playing is motivated by
stress relief, immersion, time use, and social connection.
On the one hand, the participants reported that they enjoy
game aspects such as achievements, creativity as well as
the story. On the other hand, most dislike game violence,
sexual content, and game design problems. Also, negative
game aspects such as addiction and negative social inter-
actions were mentioned by the participants.

Gamification is defined as “the use of game design
elements in non-game contexts” [15, p. 9]. Typically, ele-
ments such as rewards, high scores, or badges are used to
enhance the learning content (see [27] for an overview).
An overview of gamified interventions can be found in

[9]. However, this approach was described as “chocolate-
covered broccoli” [22] because the game design elements
are just added to the learning content and not intertwined
with it. An analysis in [46] shows that such reward sys-
tems initially encourage learners to play longer sessions,
but this effect usually disappears after a few sessions.

That’s why there are more game-centered approaches
such as serious games, educational games, and game-
based learning: Serious games are designed with a pri-
mary goal different from pure entertainment [14, 16].
Therefore, they have a “game” dimension and a “serious”
dimension. In general, serious games try to “contextualize
the player’s experience in challenging, realistic environ-
ments, supporting situated cognition” [16, p. 1]. However,
serious games often focus on the serious part whereas
game-based learning approaches often focus on the learn-
ing dimension [14, 28]. A good indicator of this is the chal-
lenge of “finding an appropriate balance between gaming
and learning activities” [34, p. 96]. There are a lot of (of-
ten task-oriented) approaches for serious games, e. g. for
complex learning contexts such as in physics [28], busi-
ness, military, or medicine [16] and also for individuals
with autism [52]. However, the immersive potential of edu-
cational games is fragile [34]. It is believed that better pro-
motion of motivation and attention is hampered by the in-
adequate implementation of game-based approaches [56].
Therefore, a key point for game-based approaches is that
the learning tasks need to be “appropriately designed and
tightly coupled with the narrative” [50, p. 98]. It is not suf-
ficient to have a plot where exercises are embedded and
appear from time to time quite isolated from the narrative.
In particular, the existing approaches already lack an in-
trinsically motivating narrative. Closely linked to this, as-
sessment is another key point for educational games. It is
very important that assessing the current performance of
the user does “not destroy or impair motivation, immer-
sion, flowexperience or the game’s storyline” [34, p. 97]. In
particular, “flow seems to have a positive influence on per-
formance enhancement, learning and engagement” also
“gathered evidence suggests that the flow has a positive
influence on game-based learning outcome” [43].

Being a game is not just about having a good narra-
tive but also requires a certain level of freedom so that the
player can be an active part of the game [18]. Without the
ability for decisions and choices the playermight feel pow-
erless and the activity might not be a game at all [18]. In
general, there is a “highly interactive, deliberately gener-
ating tension between the degree of control the story im-
poses and the player’s freedom of interaction” [48]. Partic-
ularly, enhancing the player’s perception of autonomy has
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been shown to increase intrinsic motivation [47]. Accord-
ing to [46], the opportunities for making choices are often
limited to instructionally irrelevant aspects.

Particularly notable in this context is the research
and serious game development of [25]. They extended and
modified an existing game (The Elder Scrolls V: Skyrim)
for social skills training. They adapted a role-playing game
and invented a narrative where the player is held captive
on a ship and has to escape. The player needs to talk to all
crewmembers and gain trust to subtly receive itemswhich
aid in his escape. The basis is a detailed dialogue system
where relationship values are calculated. This game, how-
ever, is not integrated into everyday life and, thus,may suf-
fer from decreased interest.

To sum up, there is a research gap for training sys-
tems that consistently implement game-based training
concepts aswell as deeply integrate the training into a nar-
rative (as suggested by [20, 24, 34]) and into the everyday
life (e. g., by using mobile technology). However, motiva-
tional interventionsmight still be required in case learners
do not act for a longer period of time [34].

3 Requirements for a Game-Based
Emotion Training

An essential feature of computer games and, thus, of
game-based learning is the integration of the learning con-
tent into a narrative [32, 34]. Therefore, a game concept
for socio-emotional training must meaningfully connect
the training contents with the narrative of the computer
game [50, 17]. This requirement is of the utmost impor-
tance. Without any close intertwining of the learning con-
tent in the gameplay and the story, the learning content
cannot be consideredpart of the game, and thus a substan-
tial part of the positive effects of the game-based approach
cannot be fully effective.

Typically, clinical trials have a duration of 5 to 12
weeks to study the effects of an intervention [4, 30, 55]. Ac-
cordingly, a game that encourages training must remain
interesting for players over a longer period of time and of-
fer new challenges as well. In addition, it is important for
effective training that regularity andminimumduration of
individual training sessions are maintained [19]. To meet
these requirements, a game mechanic may be important
to regulate game time and duration. Furthermore, a regu-
latory mechanism should also counteract excessive game
use.

Likewise, the game concept should reach as many po-
tential users as possible:

1. Although theprevalenceof autismshowsanasymmet-
ric diagnosis ratio of about four men to one woman,
female autistics are no exception [10]. The concept
should appeal equally to male and female players
alike.

2. Already in the preschool age, the training of socio-
emotional competencies for autistic people is possi-
ble and meaningful [26]. But even healthy people of
higher age show deficits in the socio-emotional func-
tions [45], albeit less so than in autistic individuals.
The usefulness of the socio-emotional training thus
affects a very broad age range. Consequently, a game
concept should be sought, which is consistently ap-
pealing and suitable for persons of this broad age
spectrum.

3. Also, the game concept should appeal to both experi-
encedplayers and inexperiencedplayers and it should
provide an easy entry point [21].

These requirements are based on a broad literature review
(see Section 2) as well as the involvement of psychologists,
computer scientists and people with autism [9, 11]. In the
next section, our approach which implements these re-
quirements is described in more detail.

4 Training Concept

The training and game concept described here bears the
working title Lodur. The main part of Lodur is based on
the popular game Minecraft with certain additions and
modifications to the familiar items of the game. A mo-
bile app integrating the socio-emotional exercises com-
pletes the concept with elements that enable time- and
location-independent play. With regard to the system of
game-based learning according to [29], Lodur embeds the
learning tasks directly into the game and intertwines them
with the narrative. The following sections explain the in-
dividual game concepts and their meaning for the actual
training.

4.1 Narrative Embedding of the Learning
Contents

The meaningful combination of the training sessions with
the narrative context of the game is one of the most impor-
tant, but also the most difficult challenges in developing
a suitable game concept [34]. This does not only apply to
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Figure 1: The player talks to a non-playable character in the game and at the same time uses the mobile app to communicate with the alien
game character called “Kralmik”.

the training of socio-emotional competencies. The narra-
tive context primarily serves motivation, but the learning
content must fit in harmoniously with the plot. Also, the
game flowmust not be disturbed by the training elements,
but should even be promoted if possible. [20, 24, 34] there-
fore propose to place learning content as essential units
of the game. This allows players to grasp the training of
skills as part of the game. Furthermore, the training ele-
ments should be offered frequently and regularly.

Many autistic people feel like aliens on a foreign
planet whose rules and inhabitants they do not under-
stand [8]. In order to take up this world view, the develop-
ment of the narrative context makes use of this thought:
The player gets stranded on an alien planet where hu-
manoid beings exist but whose language and facial ex-
pressions he cannot interpret. This provides the starting
point for the narrative involvement of the facial expres-
sions exercises: The illusion is created that the player pos-
sesses a translation tool that can translate the language
and facial expressions into the familiar modes of expres-
sion – this tool is operated by the player in reality through
a mobile app as depicted in Figure 1. The game can of-
fer the facial expressions exercises so that the recogni-
tion of human facial expressions facilitates progress in the
game. This is mapped by calculating a relationship value
between player and non-player characters, that improves
upon successful recognitionof facial expressions.Ahigher

relationship value affects the quality of game rewards pos-
itively [25]. As a result, the player can implicitly achieve
better rewards. For example, the player could be contacted
by a trader via the mobile app. The trader wants to sell
the player a resource that would advance him in the cur-
rent game section. However, the trader is annoyed because
half of his goods are spoiled by the carelessness of his as-
sistant. If the player recognizes this from the text and fa-
cial expressions of the trader and solves the included train-
ing task, he receives the resources at a discounted price or
other helpful tools which are not available otherwise. Due
to the nature of mobile apps being available everywhere,
this can happen even if the player is not directly playing
Lodur on the PC, but is currently traveling.

The implicit connection between the results in the fa-
cial expressions recognition and the game rewards sup-
ports the deep connection between the learning units and
the game.With an explicit reward, the player may bemore
likely to recognize what he is rewarded for, and may thus
identify the learning units as such. It is very important that
there is no overly negative feedback for a wrong answer
– instead, the game remains playable, but the progress
might be slower. The decisive factor here is the voluntary
nature of learning. First and foremost, the game is played
for the sake of playing. The teaching content is learned
voluntarily because it enables or facilitates the progress
in the already exciting game. Like a child who voluntar-
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ily learns a foreign language because the game it wants
to play is only available in that specific language. Not be-
cause of language learning, but because it recognizes this
ability as important for playing. Although here, as with al-
most all forms of teaching, it can not be ensured that the
learning content is actually learned, nevertheless, this vol-
untariness can be regarded as a strong driving force. How-
ever, implicit rewards also have another effect that may be
appropriate in the context of learning support from autis-
tic individuals: Autists have a disorder of the inner reward
system, which does not make material rewards work as
usual [33]. On the one hand, autistic people benefit from
intrinsic motivation, while obvious external rewards can
even be annoying. Implicit rewards, on the other hand,
can make it logically reversible which actions favorably
influence the course of the game and, thus, indirectly
support intrinsic motivation. However, they must be used
carefully so that they do not appear to be extrinsically mo-
tivating.

In Minecraft, one can develop new tools by combin-
ing resources. For example, the combination of iron and
sticks yields an iron pickaxe. In Lodur, this option is in-
tentionally limited. Instead, new tools can be obtained
fromnon-player characters after a dialogue (i. e., a training
task).However, there is still a variety of activities available,
such asmining, farming, raising animals, build buildings,
etc. So one can play freely and decide for oneself if one
wants to unlock tools because the game is still playable
without tools like in common freemium games (here, how-
ever,without payingmoney, but by solving training tasks).
The motivation is, however, even if stones can be broken
down with the bare hands, that it goes much faster with
a suitable tool, such as a pickaxe. Tools are just one ex-
ample – rewards can also be resources and access to new
buildings or areas in the game world. Lodur’s detailed
storyline, derived from these basic considerations, is de-
scribed in more detail in the following section.

4.2 Promoting a Long-Lasting Motivation:
Lodur’s Storyline

Long-lasting game motivation is particularly promoted by
adventure games and simulations [2]. Adventure games
can stay interesting for a longer time based on a very ex-
tensive and varied story or narrative. In simulation games,
many development opportunities are usually available in
order to allow the players to continuously experience new
facets of the game and to develop new strategies.

Lodur combines both game genres and consists of
three phases: An introductory phase, a mid-game phase,

Figure 2: Phases of the game Lodur.

and an end-game phase (see Figure 2). At the beginning
(the first two phases) Lodur has the character of an adven-
ture game. The game is drivenby a strongnarrative and the
player has to solve predetermined tasks or puzzles. Later
on, the game smoothly changes its character into an eco-
nomic simulation with very extensive and versatile devel-
opment opportunities.

The introductory phase sets the narrative context and
also serves as a tutorial that teaches the basics of control
and play (compare Section 4.5). As already mentioned in
Section 4.1, autistics often feel as if they are on a foreign
planet whose inhabitants do not understand them. Lo-
dur‘s plot picks up on this feeling by putting the player in
the role of a captain of a spaceship. At the end of the intro-
ductory phase, the spacecraft crashes on an alien planet
and the player is forced to contact the locals in order to
survive and live on the planet. Since the locals and their
kind are alien to him, the player must first learn to read
the emotions of the persons he meets from their “alien”
faces. A translation tool, the mobile app, helps the player
to translate the alien Minecraft faces into human faces.

At this point, the game is gradually changing over to
the mid-game phase. Here, still supported by a strong nar-
rative, the elements of an economic simulation are intro-
duced by a non-player character named “Kralmik” (e. g.,
he gives the hint “You need to farm crops.”, see Figure 3).
Through training tasks embedded in the narrative, new
game elements can be unlocked.

Finally, the game goes into the end-game phase which
finally changes the character of the game to an economic
simulation. The narrative is not hard-scripted anymore
and is now driven by predefined events that are triggered
randomly or by certain player activities. More andmore in-
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Figure 3: A player uses his learned skills to farm.

Figure 4: By successfully completing a training task, the player has
unlocked a merchant who is now selling raw materials.

habitants of the planet come into contact with the player,
for example, traders (see Figure 4). Through training ex-
ercises embedded in spontaneous short narrative events,

the player can further accelerate his progress. In the eco-
nomic simulation, the player is free in his choices on what
activities to perform. Different tools enable various activ-
ities, each of which simulates a specific profession. The
game, comprising different habitats, allows for each pro-
fession again to carry out very diverse activities. As a re-
sult, the combination of the two genres allows players to
get smoothly into the narrative and then constantly brings
new challenges, new game concepts to discover as well as
more and more degrees of freedom to the player.

4.3 Regulation of Playing Time and Duration

The regulation of the playing time and duration has sev-
eral objectives. Incentives for regular use should be cre-
ated, in this case once a day. Furthermore, the player
should be motivated to a minimum usage of one hour per
session. In addition, these incentives should decrease if
they are used excessively to prevent abuse, up to possible
gambling addiction. Explicitly, handling excessive game-
play is important as addiction was explicitly mentioned
in an interview study with adults with autism as a pos-
sible negative game aspect [39]. Thus, these features are
not intended to patronize the player, as the right amount
of choice enhances the gameplay experience [48]. In ad-
dition, the promotion of self-control has a meaningful
secondary therapeutic goal. Self-control can be trained
through self-responsible decisions and represents an im-
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portant part of media literacy regarding the use of com-
puter games by children and adolescents.

The main mechanism for the regulation of the playing
time of Lodur is a special play element, so-called Boost-
ers. They are distributed just once a day through the game.
They reinforce the player’s income in terms of game cur-
rency for one hour. This way, the player can earn more
resources once a day and for one hour. If a player does
not play for a full day, the booster will expire. This creates
an incentive to play daily. After playing an hour with the
booster, the game becomes less motivating in terms of re-
duced award creation. However, the game does not pro-
hibit playing without a booster. So it remains a decision of
the player to continue beyond the recommended playing
time.

4.4 Re-Activation of Passive Players

Some players interrupt or even finish gaming sessions, al-
though the game would still be interesting for them [34].
This can happen through changed living conditions, such
as vacation, short-term lack of leisure or even by short-
term intensive use of another game. Under certain circum-
stances, these players can be reclaimed for a game (and
thus for training) by remembering mechanisms. Lodur is-
sues special game objects to all players at intervals of ap-
prox. two weeks and informs them via notifications using
the mobile app. Thus, players can be reached directly in
their everyday life andnot only at their desktopPCs, as rec-
ommended by [37]. Even for active players, it is interesting
to seewhat itemswill becomeavailablewith the next “pay-
out wave”. Examples of such game objects are particularly
effective tools and special items that can be used to get into
otherwise hidden parts of the game world.

4.5 Challenges for Different Levels of
Gaming Experience

As already stated, Lodur is based on the engine of the
game Minecraft. Since this environment is relatively pop-
ular, there will be many players who have already gained
experience in other contexts.

However, not all players are already experienced in
Minecraft. Therefore, Lodur comes with several support
mechanisms for introducing the Minecraft-based game
mechanics to newcomers. The first support mechanism is
a relatively elaborate introductory phase, which teaches
newcomers the important concepts of the game and how
to control the game. This is embedded in the narrative as a

short “fitness test” which must be completed. In fact, this
fitness test is an obstacle course where the player learns
how tomove insideMinecraft. Even after the introduction,
complex processes, such as the construction of amanifold
building, are supported by automatisms. Some of the au-
tomatisms are only available as rewards after finishing a
learning task.

Experienced players do not have to take advantage of
all these supportmechanisms and, therefore, have room to
prove their skills: They can make use of the extensive and
versatile development possibilities of the economic sim-
ulation and develop sophisticated strategies. Of course,
they can also adjust existing or build manifold buildings
on their own, explore the world, and freely use all avail-
able activities (compare Sections 4.1 and 4.2).

4.6 Support for a Wide Range of Ages and
Diversity of Players

Supporting a wide range of ages poses a greater problem
of considering the limited literacy of younger children. [54]
showed that especially younger players with less practice
in reading longer text passages are disturbed in their pres-
ence by written text within the game world. For that rea-
son, all the essential dialogues within the story are pro-
vided in both written and spoken language. Even the mo-
bile app provides spoken dialogues. Preliminary tests on
a Lodur prototype confirmed the effectiveness of this ap-
proach [57]. This also provides support for diversity, e. g.
for players with cognitive impairments or illiteracy.

5 Technical Design

This section describes and explains the technological
choices, media design, system architecture, and the mo-
bile app in more detail.

5.1 Representation of the 3D World

The 3D world is represented by the game world of
Minecraft. The selection of the technology for the repre-
sentation of the 3D world was partly based on criteria that
promote efficient project handling: For example,Minecraft
offers a very simpleway to design scenes. Almost everyone
involved in the project was very familiar with Minecraft’s
world editor in advance. This allowed the extensive scenes
for the narrative background to be created very efficiently.
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Figure 5: Reduced design of the game.

The importance of this aspect is not to be underestimated
for the development of a complex game.

Furthermore, Minecraft can be extensively modified
via a Java-based API called Bukkit. This API is compara-
tively well supported by an active developer community.
This is also very helpful in terms of rapid development
progress. By using this API a server plugin can be cre-
ated. Such a server plugin can be used to interact with
the Minecraft server (e. g., by reacting to game events) and
to adapt the game mechanics. For the game scenario, the
Minecraft game world has been extended to include voice
output and modified textures, allowing for a highly cus-
tomized gaming experience. Not least, the decision for
Minecraft is also justified by a strategic factor: Minecraft is
one of the most popular and widely used computer games
of our time.1 This has a beneficial effect on the accep-
tance of the game-based therapy concept. The disadvan-
tage, however, is the license costs for Minecraft.

5.2 Media Design

The media design of Lodur takes up the special needs of
autistic people, who can, for example, be easily disturbed
by unnecessary design elements [36]. Therefore, the gen-
eral principle of reducing the user interface is consistently
implemented by Lodur (see Figure 5). However, a mini-
mum of detail is needed to convey the narrative compre-
hensively.

Moreover, the minimalist appearance of Minecraft
characters and their facial expressions do precisely sup-
port the narrative of an alien world with unknown socio-
emotional interactions.

1 https://minecraft-de.gamepedia.com/Verkäufe, last accessed
2020-01-06.

Beyond the reduced design, we also strictly followed
the design guidelines for socio-emotional training systems
as identified in previous studies [56]:
– The complexity of tasks shall be primary reflected in

content and as less as possible in design.
– The difficulty of tasks shall consider individual

progress instead of a rigid level system.
– The training tasks shall be tightly interwoven with the

game in order to avoid tiring.
– The target group (here: people with ASD) shall not be

further reduced (e. g. to certains age groups).

These guidelines have been proven to increase the accep-
tance and effectiveness of such training systems [55, 40].

5.3 System Architecture

Technically, Lodur consists of three components and is
played on two different devices. The central entry point to
the game is in a simplified 3D world, which is offered via
the Minecraft client on a desktop PC. An additional part
of the game is accessed via a mobile app. Both are con-
nected in the background by a central server infrastruc-
ture. The architecture (see Figure 6) allows synchroniza-
tion of gameplay across both devices.

As aMinecraft server, the widely used and community
developed open-source SpigotMC2 server is used which
provides the Bukkit API for creating server plugins. Lodur
is developed as such a server plugin in order to manipu-
late and control the Minecraft game in-depth – for exam-
ple the available options are limited, so that not all tools
can be “crafted” as usually possible in Minecraft (com-
pare Section 4.1). The Lodur Spigot plugin connects to a

2 https://www.spigotmc.org/, last accessed 2020-01-06.

https://minecraft-de.gamepedia.com/Verk�ufe
https://www.spigotmc.org/
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Figure 6: Architecture of the game Lodur.

Java server with a REST-interface in the logic layer which
is used for maintaining the current game state. Also, the
plugin controls the gameplay and particularly drives the
narrative (i. e., creates a new world based on a template
for every player, drives non-playable characters, plays au-
dio, unlocks doors, plants objects used for quests/tasks
etc.). Thephases of thenarrative aremodeledas sequences
of different quests/tasks with pre-conditions which con-
trol the progress of the phases [24]. The modeled tasks (in-
cluding dependencies to other tasks) as well as the game
state, in particular, the number of achievements, solved
tasks and trainings accomplished, are persisted in an SQL
database.

As Lodur is played in the 3D Minecraft world using
the Minecraft client on a desktop computer as well as on
a mobile phone, the player switches between both clients.
The app is used to display more complex media than the
Minecraft world allows (for example, the video footage of
the emotions played by actors). The pairing of the mobile
phone (see Section 5.4) with the Minecraft game is also
handled by the plugin using a random code which is dis-
played in Minecraft and needs to be entered in the mo-
bile app. Both, the Spigot plugin and themobile app, regu-
larly interact with the Java server in the logic layer in order
to synchronize the current game state (i. e., achievements
and quests/tasks).

In terms of software, one important point to keep
in mind is that the Spigot API is not thread-safe so that
only one central thread is allowed to intervene in the
game. However, network communication is necessary for
the synchronization of game states. This should not take
place in the central thread so as not to affect the Minecraft
server in its other tasks due to latencies. For this reason,
the network communication takes place in an indepen-
dent thread. Synchronization information is first placed

in a thread-safe queue. The Spigot API provides a mecha-
nism to periodically execute program sections on the cen-
tral thread. In such a section, the synchronization data is
transferred to the game world. A similar approach is also
necessary in the case of the mobile app for the Android
API.

5.4 Mobile App

The mobile app provides the main/substantive learning
content and also lists the current as well as the solved
quests. The user interface is tailored to the narrative con-
text but still is based on a minimal and reduced design
adapted to the target group [56]. The start of the exer-
cises in the mobile app is initiated and controlled by the
progress of the desktop game. This supports the deep in-
tegration of the learning content into the game. The exer-
cises can also be carried out at a later point in time. There-
fore, the app offers the benefits of mobile technology, such

Figure 7: This embedded training tasks consists of a dialogue with
the alien “Kralmik”, which translates his mimics into video and
offers possible answers.
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as time and location independence, and also follows the
approach of micro-learning.

Figure 7 shows the integration of specific learning con-
tent in themobile app. An actor who expresses an emotion
with his face is shown as a video stimulus. The player can
make a selection on the right side of the screen, based on
the emotion he believes he has recognized in the actor’s
face. The speech output has a special benefit at this point:
The player can completely focus on the current stimulus.
This promotes the therapeutic goal of focusing visual at-
tention on the facial expressions. The correct recognition
of the emotion enables the selection of best matching an-
swers, which in turn improves the relationship to this non-
player character and results in implicit rewards (compare
Section 4.1).

The use of different devices within a single game does
not only carry benefits. The change of the game device
could disturb the immersion and, therefore, result in a
hindrance of the flow experience. Hence, preserving the
flow through the game device change has been part of our
research. Our preliminary investigations showed an un-
expectedly low interference with immersion. The reason
for this may be that both devices are perceived as a toy
and, thus, the device switch becomes a customarywithin a
game activity. Also, there are commercial computer games
such as Fallout 4 which employ a smartphone as a second
input device for the game. Similarly to Lodur, the app has
a counterpart within the game and displays statistics, a
map, a log and inventory of the player.3 The Fallout 4 app,
however, can only be used within the same network when
the game is running.

6 Evaluation and Discussion
Assessing the suitability of apps like Lodur comprises two
major fields. First, from a computer science or media per-
spective, there are issues of usability, user experience,
cognitive load, acceptance etc. to be examined. Standard-
ized questionnaires like SystemUsability Scale (SUS), User
Experience Questionnaire (UEQ), NASA Task Load Index
(NASA-TLX) or Technology Acceptance Model (TAM) are
available for this purpose. This established repertoire of
evaluation instruments provides cursory information on
aspects of human-machine-interaction, but seldomly re-
veals deeper insights on single design aspects leading

3 https://arstechnica.com/gaming/2015/11/we-put-fallout-4s-
mobile-pip-boy-companion-app-through-its-paces/, last accessed
2020-01-06.

to the resulting scores. However, such questionnaires are
commonly applied to our developed apps, and for our fam-
ily of ASD training apps we could demonstrate good or
very scores in these fields [40, 42]. This confirms the va-
lidity of the design guidelines applied [56]. Moreover, we
could prove the effectiveness of a game-based approach
for socio-emotional training with regard to the intensity of
flow experience [49].

The second perspective – clinical effectiveness in peo-
ple with ASD – is harder to evaluate. Basically, it has been
shown that computer-based systems can help autists raise
more awareness and motivation [6]. Unfortunately, sam-
ples are often rather small, consistent testing procedures
and control groups are missing, or results are rather su-
perficial and hard to transfer to other scenarios [9]. While
there is only little evidence for many ASD training apps
[31], the effectiveness of selected game-based training sys-
tems for socio-emotional skills for autistic children has al-
ready been confirmed [30]. Likewise, the effectiveness of
the video stimuli used in Lodur and in related apps has al-
ready been verified [19].

On this basis, a related adaptive system for computer-
assisted training of socio-emotional competencies [40]
with the same stimuli, but without a similarly sophisti-
cated game-based approach, is currently being investi-
gated in a clinical study. During the training, data relat-
ing to the flow experience as well as indicators for at-
tention, reaction rates and error rates in the completion
of the various training tasks are collected. There are two
control groups; one with conventional, non-IT training
and another one with app-based training without socio-
emotional aspects.

A preliminary study [57] with a total of ten subjects
(male, ages 9–16 years), eight neurologically typical and
two autistic adolescents, demonstrated the comprehensi-
bility of the introductory phase of Lodur and the narra-
tive involvement of the exercises in game sessions of about
30–60 minutes. For this, the players were observed while
playing in order to monitor if there are difficulties in com-
pleting the tasks. Afterwards, semi-structured interviews
on the content of the story and on the game experience in
comparison toother gameswere carriedout. Thehigh level
of demonstrated motivation to continue playing was very
promising. The first appearance of the app was perceived
as very stimulating by many subjects. The app could also
be used by all playerswithout a noticeable training period.
However, there were problemswith the recognition of new
tasks. The app was redesigned accordingly, so this issue is
now fixed.

An in-depth study is currently in preparation with 25
adult volunteers providing comparative findings on flow

https://arstechnica.com/gaming/2015/11/we-put-fallout-4s-mobile-pip-boy-companion-app-through-its-paces/
https://arstechnica.com/gaming/2015/11/we-put-fallout-4s-mobile-pip-boy-companion-app-through-its-paces/
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and attention. These results shall be contrasted with the
results of the non-gaming-based clinical trial mentioned
above. However, Lodur does not collect data through ex-
plicit questionnaires, but rather through instrumentation
directly embedded within the game and in playful tests.
The measurement of flow and attention takes the form of
mini-games, which are based on modified psychology at-
tention tests [41] and in-situ flow tests [43]. This variation
has been chosen to allow trouble-free gaming and not dis-
tract from the game with a questionnaire, although com-
parability of measurements still has to be proven. How-
ever, this approachbears hugepotential not only for game-
based settings, but also for virtual or augmented reality ap-
plications [53].

7 Summary and Future Work

The development of various training systems for socio-
emotional competencies, despite the progress made in
terms of the quality of the stimuli and the interaction con-
cepts used, still shows some weaknesses in terms of pro-
moting motivation and attention, especially for autistic
users. The training concept presented in this article picks
up on these weaknesses by using an innovative game con-
cept. As autism is highly individual, our design decisions
address key features of the autistic spectrum, including:
– Reduced user interface design against sensory over-

load
– Self-perception: the feeling of living in another world
– Enthusiasm for technology, IT and computer games
– Intertwiningof thenarrative and the learning contents
– Subject of learning: Recognizing emotions from facial

expressions
– Adaptive game progress related to the individual

learning process

In a preliminary study, our approach already demon-
strated an effective promotion of motivation. Likewise, the
technical concept has proven its suitability for the realiza-
tion of such a concept.

A larger study will examine the effect on motivation
andattention inmore detail. Also, effectswill be compared
with closely related, but not game-based training applica-
tions for socio-emotional competences. Furthermore, the
capability for short-term transferability of attention to for-
eign content should be able to be appropriately reviewed.
Since autistic attention deficit disorder [33] is a key issue
for inclusion within our educational system, this subject

is highly relevant. Therefore, a study of the transferabil-
ity and effectiveness of the presented game-based learning
concept on institutional learning content would be wel-
come. Further research may shift towards such longitudi-
nal effects.

As a final remark, there are several ethical questions
associated with the use (and potential misuse) of such
training technology. The consequences for individuals and
for society as a whole of having emotion recognition and
emotion-sensitive systems fully operational are still to
be understood [42]. For instance, using a training sys-
tem for social cognition as an invisible assessment tool
is not intended, but possible, e. g., by employers. More-
over, themere availability of such a trainingmay shift soci-
etal norms towards amainstreamedunderstanding of how
people should behave in order to be accepted (in terms of
tolerance) and legally allowed (e. g., for granting public
aids). Ethical guidelines have to be further shaped for this.
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