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Preface

The 7th Games and Learning Alliance (GALA) Conference, organized by the Serious
Games Society (SGS) and the Institute for Educational Technology - National Research
Council of Italy (ITD-CNR), was held in the all culturally unique, future-oriented, and
inspiring ambience of the Sicilian city of Palermo, Italy, during December 5–7, 2018.

The GALA series of conferences provide an excellent opportunity to foster the
discussion of relevant topics in the growing field of serious games. The conference is a
venue for academic researchers, industrial developers, teachers, and corporate
decision-makers to meet and exchange experiences and knowledge in this multidisci-
plinary and challenging area. GALA 2018 received 68 submissions. While the majority
of authors are based in Europe, North and South America, Africa and Asia were also
represented in the submissions. Each paper was reviewed by at least three Program
Committee members. The Program Committee selected 37 of these papers for pre-
sentation at the conference and nine for presentation at a poster session of the con-
ference. A total of 18 countries were represented at the conference.

The conference featured a tutorial session, a session for demos of serious games, and
a serious game competition. It was an honor to have Dirk Ifenthaler, from the
University of Mannheim, Germany, and Georgios Yannakakis from the University of
Malta, Malta, as keynote speakers at GALA 2018. Dirk Ifenthaler vividly presented the
basics, challenges, and chances of learning analytics in serious games. Giannis Yan-
nakikis gave an inspiring overview of the possibilities of artificial intelligence in
serious games. The momentum of both keynotes is likely to have a lasting influence on
the work of the conference attendees. The conference featured nine paper presentation
sessions. A number of paper presentation sessions focussed on the relation between
serious games and a wide range of particular domains, such as computational thinking,
energy conservation, musical perception, doorstep scams, meta-skills, health, nutrition,
mobility habits, physics, and maths. Other sessions discussed gamification, game
development, the assessment of games, game analytics, game design, the relation
between games and learning and innovative game technologies, such as artificial
intelligence, robotics, mixed reality, and haptics.

As in previous years, selected best papers of the GALA conference will be pub-
lished in a dedicated special issue of the International Journal of Serious Games, the
scientific journal managed by the Serious Games Society, which is a great reference
point for academics and practitioners to publish original research work on serious
games and be informed about the latest developments in the field. We thank the authors
for submitting many interesting, field-advancing papers, the Program Committee for
reviewing these papers, and the SGS and ITD-CNR for organizing the conference.

December 2018 Manuel Gentile
Mario Allegra

Heinrich Söbke
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The Effect of Disposition to Critical
Thinking on Playing Serious Games

Manuel Gentile(B), Giuseppe Città, Salvatore Perna, Alessandro Signa,
Francesco Reale, Valentina Dal Grande, Simona Ottaviano,

Dario La Guardia, and Mario Allegra

Institute for Educational Technology, National Research Council of Italy,
Palermo, Italy

{manuel.gentile,giuseppe.citta,salvatore.perna,alessandro.signa,
francesco.reale,valentina.dalgrande,simona.ottaviano,

dario.laguardia,mario.allegra}@itd.cnr.it
http://www.pa.itd.cnr.it/

Abstract. This research is a first attempt to investigate the relation-
ship between students’ Disposition toward Critical Thinking (DCT) and
their learning while engaging in the uManager serious game aimed at fos-
tering the entrepreneurial mindset. Specifically, we will try to seek if the
students’ DCT influences their game-playing. To this aim, the uManager
game was renewed to directly include game mechanics able to support the
processes that are at the base of critical thinking like clarifying meaning,
analyzing arguments, evaluating evidence. This paper shows the results
of a trial conducted with 92 students of the 12th grade.

Keywords: Disposition to critical thinking · Serious games ·
Entrepreneurship education

1 Introduction

The current research in game-based learning [19,21,22] states that Serious
Games (SG) are a widespread tool used to foster learning at different ages in
a wide range of fields [2–4,24]. They are described as a tool allowing students
to recall learning experiences in an engaging way [23] and involving players
in tasks and activities conceived for knowledge and skills improvements [18].
However, there is no consensus on the effects that SGs may have in fostering
students’ 21st-century skill development and how they affect and support the
teaching and learning of these skills is still a very controversial point [21]. Namely,
although the SG field and research studies on learning and teaching through SGs
are growing, very little is known about how SGs can affect the development of
the so-called higher-level thinking skills such as, for example, critical thinking,
problem-solving and creative thinking, that are classified as belonging to the 21st
century skills [7]. Moreover, even more controversial in literature is the question
of what degree of complexity should be achieved in the design of an SG to reach
c© Springer Nature Switzerland AG 2019
M. Gentile et al. (Eds.): GALA 2018, LNCS 11385, pp. 3–15, 2019.
https://doi.org/10.1007/978-3-030-11548-7_1
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meaningful indications about the role of the components mentioned above. In
this paper, we aim to address these issues by focusing on a specific complex
higher-level ability: Critical Thinking (CT).

CT is defined as a pervasive human feature thanks to which a thinker can, on
the one hand, make judgments based on interpretations, analyses, evaluations
and inferences and, on the other, provide explanations through reflections and
arguments about concepts, methods or contexts. Briefly, it is an essential tool of
Inquiry [7]. In literature, there are numerous definitions of this ability and each
one highlights a specific aspect of such a complex phenomenon. Some of them
focus on the cognitive characteristics and habits involved in critical thinking
[5], others [13] focus on the critical thinking process (CT as problem-solving or
decision making), while others direct their attention on the possible results of a
critical thinking process [20]. Glaser [5] defines CT as “an attitude of being dis-
posed to consider thoughtfully the problems and subjects that come within the
range of one’s experiences”. Facione [6] describes it as “the ability to construct
and evaluate arguments”. Moore and Parker [20] suggest conceiving CT as the
ability to judge specific assertions as plausible/implausible, evaluating evidence,
assessing the logical aspects of inferences, elaborating and constructing counter-
arguments and different hypotheses. Despite the heterogeneity of the definitions
reported in the literature, the different perspectives are in agreement in judging
the following components as essential for CT: clarify meaning, analyze argu-
ments, evaluate evidence, judge whether a conclusion follows, draw warranted
conclusions [10].

Our long-term goal is to investigate the effect/role that these core cogni-
tive abilities of CT have in a context of a SG where game activities constantly
involve problem-solving and decision making. In this paper, we will try to answer
the following question: are there effects of cognizer’s Disposition toward Critical
Thinking (DCT) on game-playing? Namely, we will investigate the DCT as a
starting mental attitude, as a particular “mental state of readiness organized
through experience, exerting a directive or dynamic influence upon the individ-
ual’s response to object and situation with which it is related” [11].

To this aim, the uManager game was renewed [9,17] to directly include game
mechanics able to require the activation of the processes that are at the base
of critical thinking like clarifying meaning, analyzing arguments, evaluating evi-
dence. uManager is a serious game designed to foster the entrepreneurial mindset
in young students engaging the students in a motivating and realistic learn-
ing path in which the user has to build and manage a resort village accord-
ing to the preferences of the customers’ needs. According to Krueger [15], the
entrepreneurial mindset is a high-level concept that involves a complex set of
attitudes, skills, and competencies (e.g., decision making, problem-solving and
critical thinking).

In particular, for the aim of this paper we focus on the adaptation of a
specific portion of the game connected to the choice of services and accom-
modations according to the customers’ needs; the design objective was to link
the customers’ preferences and the available services according to an explicit
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knowledge provided to the students. In this way, we support the activation of
reflective reasoning processes connected to the critical analysis of this informa-
tion rather than rewarding instinctive decisions related to their previous and
implicit knowledge. Focusing the DCT and its possible effect on serious-game-
playing, according to our perspective, makes possible to extract some important
information about the self-aware learning of students, about what in literature
is called “meta-cognition”.

In the following sections, we briefly describe the features of the uManager
game and then focus on how we adapted the design of the game to facilitate the
critical thinking processes. We then describe the method of analysis (sample,
measures, and models) and, finally, we analyze the results.

2 uManager

The uManger game starts randomly assigning a specific customer typology as
the target of the player. The goal of the student is to understand the needs
of that customer typology and build up the village according, choosing which
building to create and which services to provide in his resort, he also has to
decide the best communication and marketing channels to promote the village.

The available customer categories are: VIP, Senior, Low Cost, Young and
Family. Each category has different preferences concerning every aspect of the
vacation in the resort and different spending power as well. Customer types are
differently distributed in the market; each costumer type has different probabil-
ities to be generated that are inversely proportional to the spending power of
each segment. It is worth to specify that, despite the principal goal of the game
is to satisfy the target customer typology, the village is open to all the customer
categories. The resort will attract one or the other customer types based on the
services offered.

The player starts the game with an initial amount of money and an empty
terrain, including a beach. He/she can build the facilities in the available space
of the map, hire employees and manage entrance costs and salaries. In case
of a financial deficit, the player can ask for a loan, and he/she will repay the
debt with interests in the next months. There is also a virtual assistant which
guides the player sending him messages about the available feature of the game.
uManager has a discrete time progression; this means that the simulation starts
once all the decisions are made. Each interval simulates a quarter, during this
time customers visit the resort and spend their money enjoying the structures
inside the village.

Player’s choices affect several aspects of the business simulation on which
the game is based. In Fig. 1, we have reported a schema highlighting how the
main game mechanics impact on the game variables. We represented the game
mechanics as rectangles and the variables as circles. The dotted line identifies
those mechanics which affect the cost variable, and the red line highlights those
aspects we analyzed in this study.

The player can directly monitor many of these variables by the available
tables and graphs in the game. Some of them, like the Quality Price Ratio
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Accomodations

Services

Employees

Marketing

Prices

Quality

Reputation

Quality 
Perceived

QPR

Visibility Quote

Sell

Revenue

Profit
Costs

Fig. 1. Causal network of game mechanics and game variables in uManager (Color
figure online)

(QPR), are hidden to the player and therefore do not appear in any of the explicit
reports, so that the player must infer them. The game allows the player to view
about ten linear graphs and see how the trend changes from quarter to quarter.
The Quality graph, for example, indicates how much the target customer typol-
ogy appreciates each service category offered in the village. The Visibility graph
instead shows the marketing campaigns’ efficacy regarding the village’s notori-
ety to each customer typology. The student can also consult tables concerning
financial recaps containing details about last quarter’s costs and revenues.

During the game, the player has to understand and analyze the causal con-
nections between his decisions and the game variables. For example, the student
should realize that to increase the number of Quotes requested by potential
customers he/she has to enhance the village’s visibility. To get the best perfor-
mance from each building in the village is crucial to understand which are the
employees that fit better for that purpose, it’s also possible to modify the stan-
dard employees’ salary to enhance their productivity. There is a huge variety of
available employees, and the player can hire specific staff for each service sector,
from bungalow’s or hotel’s cleaner to tennis teacher passing by the receptionist
or the restaurant’s chef. To obtain the maximum profit from employees’ work
is essential to distinguish the helpful roles and invest in them only. Employ-
ees don’t affect the village’s quality directly, but they produce an indirect and
delayed effect through the reputation variable. The reputation variable is built
from consumer agents who “live” into the village after they buy the entrance.
The goodness of their experience inside the resort contributes to the village’s
reputation which affects how other agents perceive the quality of the resort.
This quality perception guides the customer which are about to evaluate the
offering of a village for a vacation.
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The Quality Perceived by each customer, which is defined by the total qual-
ity and the reputation, is evaluated together with the village entrance price to
decide whether to buy the bundle or not. The player can modify the entrance
price to give access to the village to the customers with less spending power or,
otherwise, he/she can increase the prices and try to get more income from cus-
tomers. Ultimately, to fully understand the game mechanics the student has to
activate high-level inferential processes which are hard to identify and evaluate
automatically by the designers.

3 The Design of uManager to Foster Critical Thinking

In this section, we discuss how the design of uManager supports the processes
that are at the base of critical thinking. To comprehend how the critical thinking
disposition affects the student’s gaming capacity, we, therefore, limit our anal-
ysis focusing on the student’s ability to choose services and accommodations
preferred from the assigned customer typology.

As described in the previous section and highlighted in the causal network
shown in the Fig. 1, uManager is a complex game in which the player’s decisions
on different aspects of management interact at different levels to define the level
of success in the game. In order to better study the critical thinking processes
used by the player, it was necessary to limit the analysis to a portion of the game
(highlighted in the Fig. 1 with a red box) in which it was possible to analyze the
direct cause-effect link between the player’s choices and the Quality of the resort.

In particular, we will highlight how we created the matching function among
the customer typologies and the game asset, to have the possibility to give specific
hints and stimulate critical thinking processes during the gameplay. The Table 1
shows the available game assets for each category of Services (Accommodation,
Food, Sport, Relax).

Table 1. Assets’ categories schema

Accommodation Food service Sport Relax

Tent Market Soccer Umbrella

Camper Self service Tennis Massage

Bungalow Coffee shop Bowls Yoga

Duplex bungalow Restaurant Swimming pool Seaview house

Hotel Organic restaurant Archery Discotheque

For each service category, we identified a set of quality dimensions to catego-
rize the game elements as well also the customer’s preferences. For example, the
accommodation service has been described according to the level of comfort they
provide, the availability of external spaces, the level of cleaning service and room
service from which they benefit, the level of privacy offered and the availability



8 M. Gentile et al.

of other services (e.g., kitchen, laundry). By using the specific quality dimension
of each service category, it is possible to represent both the game assets and
the customer preferences as vectors in a multidimensional space and to calcu-
late the distance between them. According to the values assigned to the quality
dimensions, we provide a textual description for each customer cluster and asset.
These descriptions allow the player to ground their decision-making processes
not exclusively on his/her prior knowledge, providing explicit knowledge that
has to be searched, read and critically analyzed. Furthermore, to lower as much
as possible the chance of playing with the customer target they suppose to know
and to put more emphasis on reading and analyzing the information available,
we chose to assign the customer target randomly.

As a concrete example of this design approach let’s consider one asset cat-
egory (accommodations) and one customer cluster (VIPs). Table 2 shows the
characterization of the various accommodations relative to the features identi-
fied for this category, while the Table 3 shows the characterization of the VIPs
customers’ needs and beliefs relative to the same set of features.

If we look at the vector characterizing the Hotel asset and the one char-
acterizing the VIPs customer cluster a clear correlation is easily spotted. In
fact, the needs and beliefs of the VIPs customer cluster in regards to the

Table 2. Characterization of accommodations buildings

Comfort External spaces Cleaning
service
Room
service

Privacy Other
services
(kitchen,
laundry)

Tent −2 2 −2 −2 2

Camper −1 2 −2 −1 1

Bungalow 1 1 1 2 2

Duplex bungalow 1 1 1 −1 1

Hotel 2 −2 2 2 −2

Table 3. Preferences of customers related to accommodations

Comfort External spaces Cleaning
service
Room
service

Privacy Other
services
(kitchen,
laundry)

VIP 2 −2 2 2 −2

Senior 2 1 1 2 0

Family 0 0 2 −1 1

Young −2 2 −2 −2 2

Low cost −1 1 0 −2 2
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accommodations strongly match the Hotel. To bring this correlation from the
implicit to the explicit level, as discussed above, we created the following textual
description: “VIPs choose very comfortable, high-quality service accom-
modations. Deeply jealous of their privacy they prefer room service over
both open spaces and ancillary services.”; similarly, we formulated the following
description for the Hotel: “Inside the hotel, you can find the reception, some com-
mon areas, the refreshment zone and, certainly, rooms and apartments. These
fulfill specific boundaries of refinement, elegance and comfort and offer high
quality services (i.e. room service) to those who want to enjoy a vacation
full of relax and privacy”. We used bold-style in the above descriptions just to
highlight the keywords that should stimulate the formulation of the associations
through inference, while in the game the descriptions are reported as plain text
to give to the player the goal to infer the quality dimensions. These descrip-
tions are available in the game, and the players can review them anytime by
explicit clicking on the button “show more info” of each game asset or customer
description.

4 Methods

We conducted the trial in the fourth year classes of 2 Sicilian secondary schools:
the “Istituto Girolamo Caruso” of Alcamo and the “Istituto Tecnico Economico
per il Turismo Marco Polo” of Palermo. In total, five classes were involved, three
from the Caruso Institute and two from the Marco Polo Institute for a total of 92
students. In Table 4 the distribution of students’ gender across sampled schools.

Table 4. Distribution of students’ gender across the sampled schools

Caruso Marco Polo Total

Females 20 32 52

Males 29 11 40

Total 49 43 92

4.1 Critical Thinking Disposition

The students’ critical thinking disposition was measured by the UF-EMI instru-
ment [12]. The UF-EMI is composed of 25 Likert-type items measuring three
latent constructs: engagement (range 11–55), cognitive maturity (range 7–35),
and innovativeness (range 7–35). The English version of the UF-EMI has been
validated in several papers [8,16]. There is also a Turkish version of it which has
confirmed its validity [14]. Unfortunately, to the best of our knowledge, there
is no validated version in Italian. The validation of Italian adaptation of the
UF-EMI test is beyond the scope of this paper; this measure was then used to
classify students into two groups, those with high DCT and low DCT. Never-
theless, a back-translation procedure was applied to improve the quality of the
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translation. One of the students did not complete the UM-EFI test even if was
involved in the game activity, so the analysis focuses on 91 cases. In Table 5 the
descriptive analysis of the UF-EMI constructs are reported.

Table 5. Critical thinking disposition scores

Variable n Mean sd Min Max

Engagement 91 40.4 4.4 25 50

Cognitive maturity 91 25.6 3.6 17 33

Innovativeness 91 25.9 3.4 18 33

Total disposition score 91 91.9 9.3 60 110

Moreover, the internal consistency was checked by the Cronbach’s alpha coef-
ficients of the three constructs. The values obtained are not very satisfactory, in
detail the latent construct Engagement has a value of 0.64, the latent construct
Cognitive Maturity value of 0.49 and the construct Innovativeness a value of
0.56; of course, the low sample size (n = 91) affects the quality of the Cronbach
alpha obtained.

However, the reliability obtained is sufficient for the aim of this work and
the subsequent clustering analysis. In fact, after the values obtained, a clus-
ter analysis was applied to group together the statistical units with common
characteristics. For this purpose we used a non-hierarchical cluster, the k-means
methodology with k= 2 in which each cluster is characterized by a centroid and
each sample is assigned to the cluster whose centroid is closest.

Table 6. Scaled clusters centroids

Engagement Cognitive maturity Innovativeness

Cluster 1 −0.66 −0.54 −0.65

Cluster 2 0.76 0.63 0.76

In the Table 6 the scaled centroids of the latent constructs of the 2 clusters
are reported; cluster 1 (49 students) represents the group of low DCT while the
cluster 2 (42 students) is the group with high level of DCT.

4.2 Game-Related Measures

The paper aims to verify how the critical thinking disposition impacts on the
performance of the Quality game variable, that measures the player’s ability to
understand the particular consumer preferences. The overall quality of a resort
is the average of the quality values of each category of services, that is calcu-
lated considering all the typologies of the game asset of the service the player
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has used. For each typology of the game asset used by the player, the cosine dis-
tance with the customer characteristic vector is calculated; the sum of all these
distances is performed, and subsequently, a sigmoid function is applied to this
sum to scale the measure of quality in the [0..1] range. The starting hypothesis
is that the critical thinking disposition has a direct impact on the modes of play;
in particular, we hypothesize that a high level of DCT leads the students to the
exploration and critical analysis of the information provided by the game. To
this end, a further game variable named InformativeAction was also taken into
consideration; this measure, extracted from the game learning analytics, repre-
sents the number of the student’s actions aimed at the information exploration.
These measures are calculated automatically every quarter of the game. The
observations are then collected by player, game and quarter. In fact, during the
trial, some players started a new game since they could no longer recover the
previous match.

4.3 Analysis

The observations of the outcome variables considered in this analysis are not
independent because we have repeated measurements on the same subject; more-
over, the users among them are not independent since theoretically there is a
school effect that leads us to the application of a nested model. To cope with
this condition, we rely on mixed linear models, that allowed us to reproduce the
nested model and to define a specific variance term for the intra-subject analysis.

Let Qqvus the level of quality perceived by the customer target of the qth

quarter, within the v th village of the uth student of the sth school. First of all,
we want to what is the best model that describe the hierarchical nature of the
collected data. To this aim we have compared the following four models:

Qqv = β0 + β0(v) + εqv + εq (1)

Qqvu = β0 + β0(vu) + β0(u) + εqvu + εqv + εq (2)

Qqvus = β0 + β0(vus) + β0(us) + β0(s) + εqvus + εqvu + εqv + εq (3)

Qqvu = β0 + β1 ∗ school + β0(vu) + β0(s) + εqvu + εqv + εq (4)

We estimated these model using the lmer package (version 1.1.15) [1]. The
Table 7 reports the Anova comparison of these models.

The model (4) shows the best fit. So there is an effect of the school on the
quality, that is better described by a fixed effect than a random one, according
to the expectations raised by the number of the sampled schools. Once we had
verified the hierarchical nature of the data, we analyzed how three independent
variables, such as the quarter, the number of InformativeActions and the differ-
ent membership of the DCT cluster, affect the data. To this aim, we compared
the following four models (Table 8).
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Table 7. Anova comparison of the multilevel models

Df AIC BIC logLik Deviance Chisq Chi Df Pr(>Chisq)

Model 1 3 −2074.57 −2056.13 1040.29 −2080.57

Model 2 4 −2878.28 −2853.69 1443.14 −2886.28 805.71 1 0.0000∗∗∗

Model 3 5 −2877.33 −2846.59 1443.66 −2887.33 1.05 1 0.3060

Model 4 5 −2881.22 −2850.48 1445.61 −2891.22 3.89 0 0.0000∗∗∗

***p<0.001

Qqvu = β0 + β1 ∗ school + β2 ∗ quarter + β0(vu) + β0(u) + εqvu + εqv + εq (5)

Qqvu = β0+β1∗school+β2∗quarter+β0(vu)+β1(vu)∗quarter+β0(u)+εqvu+εqv+εq
(6)

Qqvu = β0 + β1 ∗ school + β2 ∗ quarter + β3 ∗ InformativeActions
+ β0(vu) + β1(vu) ∗ quarter + β0(u) + εqvu + εqv + εq (7)

Qqvu = β0 + β1 ∗ school + β2 ∗ quarter + β3 ∗ InformativeActions
∗ DCTCluster + β0(vu) + β1(vu) ∗ quarter + β0(u) + εqvu + εqv + εq (8)

In the first one (model 5) we add the quarter variable to analyze the trend
of the quality assuming a fixed effect. In the model 6, we added a random effect
for the quarter to include a random slope for each student. In the model 7 we
added the InformativeActions variable and in the last one, we also added the
clustering variable assuming that there is a possible interaction between the
number of Informative Actions and the group membership. The Anova among
these models is reported in the Table 8. From the results shown in the Table 8 it
is clear that model 7 shows the best fit.

Table 8. Anova comparison of the models with fixed and random effects

Df AIC BIC logLik Deviance Chisq Chi Df Pr(>Chisq)

Model 5 6 −1796.00 −1762.03 904.00 −1808.00

Model 6 10 −2451.21 −2394.61 1235.61 −2471.21 663.22 4 0.0000∗∗∗

Model 7 11 −2454.26 −2391.99 1238.13 −2476.26 5.04 1 0.0247∗

Model 8 13 −2451.25 −2377.66 1238.62 −2477.25 0.99 2 0.6106

*p<0.05, ***p<0.001

5 Results

From the analysis of the model 7, it emerges that the variable quarter has a posi-
tive influence on the quality, specifically, as the number of quarters increases the



The Effect of Disposition to Critical Thinking on Playing Serious Games 13

total quality improves β2 = 0.015(p < 0.0001). This means a general improve-
ment in the understanding of the dynamics of the game.

The InformativeActions variable also has an impact on quality β3 =
0.0060(p < 0.01); this means that as the number of information explored by
the student increases, the total value of quality increases. Moreover, the Table 8
shows that adding the interaction between the cluster and informative action to
model 7 does not lead to a better fit. To complete the analysis and verify how
the DCTCluster membership effects on the amount of information the student
accesses we fit the model 9.

InformativeActionsqvu = β0 + β1 ∗ quarter + β2 ∗ DCTCluster + β0(vu)

+β1(vu) ∗ quarter + β0(s) + εqvu + εqv + εq (9)

The analysis of model 9 fit shows a coefficient β1 = −0.05(p < 0.001)
which underlines how, with the progression of the quarters, the information
read by the student decrease. It seems that the students tend to look less to
the information provided by the game quarter by quarter. Finally, the coeffi-
cient β2 = 0.82(p < 0.01) for cluster 2, formed by the students with a high
level of DCT, indicates that the students belonging to this cluster have a greater
predisposition to explore and analyze the information.

6 Conclusion

This paper is a first attempt to investigated if the students’ DCT influences the
students’ game-playing while they are using the uManager serious game. The
analysis of results in a small sample trial conducted with 92 students of the 12th
grade, seems to reveal that the disposition to critical thinking has an indirect
impact on the users’ performances measured by the quality variable. The effect
of DCT is mediated by the number of information read by the student. Thus,
the DCT influences the game-playing of the user who tends, in the presence of a
high level of DCT, to search and analyze the available information of the game
more than users with a low level of DCT; this greater attention to information
reflects the overall performance of the users. Anyway, this work is the first step
in a broader analysis of the relationship between DTC and the students’ game-
playing. In the future works, a trial with a larger sample will be carried out to
confirm what suggested from this trial; moreover, we want to investigate how
DCT affects the relationship between explicit and implicit knowledge and how
it is possible to monitor these processes through learning analytics.
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Abstract. A learning path supporting the development of Computational
Thinking skills in students of the last years of Primary School was defined and
tested in a case study involving a grade 5 class and their teacher for the whole
school year. The project aimed at involving all the students regardless of their
personal interest, as a standard school activity. The case study proved to be
successful with respect to students’ interest and their ability to reach the main
project’s objectives. Their skills increased along the project and students
demonstrated to be on the right path to develop a complete and autonomous
approach to Computational Thinking. Nevertheless, a longer time span would be
needed to for students to master deeply the new concepts and tools. Sometimes
abstraction can be difficult and concrete activities are needed to introduce new
ideas. Furthermore, students showed little autonomy and a limited use of the
social aspects of the chosen programming environment. Devoting a longer time
to the learning path would help fostering these skills. Finally, a close integration
of the learning path with the school curriculum is envisaged.

Keywords: Computational thinking � Game making � Coding �
Primary education

1 Introduction

In 2006, Wing [1] first drew attention to the need in everyday life to be able to think
computationally. Such a need, not limited to computer scientists, but for everyday life,
was defined as Computational Thinking (CT): “the thought processes involved in
formulating problems and their solutions so that the solutions are represented in a form
that can be effectively carried out by an information-processing agent” [2].

The discussion on the introduction of CT in school curricula is currently one of the
main topics on the educational policy agenda of many countries. For example, since
2014, in Italy there has been a discussion on the introduction of computational thinking
in compulsory schools (age 6–16) led by the Ministry of Education. In 2015, the Italian
National Plan for Digital Schools was launched as part of a general school reform (law
n. 107/2015) [3]. This plan includes different activities oriented to the introduction of
computational thinking, including a national project (not compulsory for schools)
proposing coding in primary school. Even if successful (e.g. Italy is the country scoring
the highest number of participants in the European Code week since its introduction),
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this plan did not have a wide and substantial impact on classroom activities and
teachers’ involvement. It was therefore understood that the issue had to be dealt with in
a more substantial way.

The Ministry of Education has recently released a document proposing the inclu-
sion of CT in compulsory school curricula, clarifying that this will not imply the
introduction of a new subject neither in primary school nor in lower secondary school.
This will probably imply that CT will be handled as a transversal subject in primary
school and within the existing subjects of Mathematics and Technology in lower
secondary school. This situation is not unique in Europe: as an example France, Fin-
land, Sweden, and Norway have recently completed curricula reforms following this
path [4, 5].

These indications open up new opportunities but also a number of key challenges
that schools will have to face, including the problem to scale-up teachers’ competences,
the necessity to identify CT key concepts in order to define objectives, assessment
criteria, and possible synergies and differences with other school subject, the difficulty
to accommodate a new topic in already full curricula. Furthermore, the modality of
introducing a CT learning path in compulsory school classes and the evaluation of its
feasibility and efficacy have also to be considered.

At present, CT has not been uniquely defined. Román-González, Pérez-González
and Jiménez-Fernández [6] analyze several different definitions trying to determine the
cognitive abilities underlying CT. They reported six different main concepts: logic,
algorithms, decomposition, patterns, abstraction and evaluation. From their analysis, it
stands out that even though CT is a wider concept than coding, some CT skills can be
developed through a coding activity. Furthermore, one of the indications which derives
from an analysis of the literature in the field [7] and which is present in the Italian
Ministry guidelines, is that a simple and amusing way to develop CT skills is through
coding in a gaming environment.

2 Introducing Computational Thinking in a Game
Environment

Introducing games in a learning process has shown to be motivating and engaging,
making learning more attractive, and effective. This approach can be carried further by
considering the development of digital games [8]. This requires students to develop a
technological fluency, which, according to Kafai, implies “not only knowing how to
use new technological tools but also knowing how to make things of significance with
those tools and most important, develop new ways of thinking based on use of those
tools” [9, p. 39].

As a matter of facts, in order to be able to develop a simple digital game, most of
the basic programming concepts have to be addressed. Such an activity would well
support the development of the following abilities in the students [10]:

• Understand that computers have to be told everything they are meant to do;
• Know that programs execute by following precise and unambiguous instructions;
• Create and debug simple programs;
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• Manage the abstraction needed to understand and represent the problem;
• Use logical reasoning to predict the behavior of simple programs;
• Know the basic programming blocks to produce sequences of commands, loops,

variables, decisions, etc.

Furthermore, a collaborative approach to game making would give students the
possibility to practice their workgroup skills. As reported by Bermingham et al. [11],
many studies are based on individual game making activities and peers are involved
only in the evaluation phase, playing with others’ games and providing feedback.
A closer collaboration is envisaged as a way to increase creativity, facilitate commu-
nication, as well as enhance a sense of classroom community, which encourages stu-
dents to share findings and ask and give help to peers.

A research topic that has been investigated for years at the Italian National
Research Council – Institute for Educational Technologies, is related to the use of
digital games to foster the development of basic skills that are transversal to several
subjects in primary school students [12]. With this respect, after previous works
focused on logical reasoning [13, 14], a project was carried out with some classed of a
primary school with the aim of promoting students’ visuospatial abilities with digital,
off-the-shelf games and understand how this would affect their mathematics perfor-
mance [15]. During the development of these projects, even though students did like to
play with all the selected games, they showed a deeper involvement in the cases when
they could be more creative and active. For example, creating virtual houses in
Minecraft (a sandbox digital game where players can build with a variety of different
blocks in a 3D virtual world) was particularly appreciated by nearly all the students.

Starting from this observation and on the basis the results of previous research
projects on collaborative programming with tangibles carried out with students of
primary schools [16], a new project focused on fostering some CT abilities through a
collaborative game making activity was set up with one grade five primary school
class.

3 The Defined Learning Path

3.1 Description of the Learning Path

The current educational context, as stated in the introduction, motivates the opportunity
to develop feasible proposals for introducing CT in compulsory education. This paper
discusses a project aimed at defining and experimenting a learning path aimed at
fostering CT in students of the last years of primary schools (aged 10–11). An
exploratory case study was organized to verify if the learning path would be effective in
a typical school environment. The case study was designed to involve all class students,
regardless of their personal interest in the subject. At present, most activities linked to
CT are organized outside school hours and participation is voluntary, which means that
only those students who are already interested in computing take part to the activities.
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The defined learning path was organized in two phases:

• A set of 10 lessons, about one hour long, to introduce some of the basic concepts of
programming and the chosen programming environment;

• A role-play in which students, working in groups, play the role of game developers
creating their own digital game. The role-play spans over 10 working sessions of
about one hour and a half each.

In the design of the learning path, an iterative approach based on cycles of
imagination, creation, reflections and refinement as described by Resnick [17] was
chosen. This approach is supposed to be central to creativity. At each meeting, a new
concept was introduced (see Sect. 3.3) and students were exposed to some examples of
its application. Then some time was given to them in which they could explore and try
freely the new concept.

In order to support abstraction, some concrete activities were also planned to help
understanding specific concepts or algorithms. For example, to be able to understand
the logic behind a memory game, a real life performance was devised, where the game
was played with real cards while a researcher guided students in detecting what
information was needed to understand when a pair of cards was found. Students took
notes and then, working with the whole class, discussed their notes and managed to
reproduce the algorithm in the programming environment.

Furthermore, to guarantee a full support to the students, a complete scaffolding
structure was defined starting from a theoretical analysis of the envisaged difficulties in
the game making activity. Students were asked to choose a game to develop from a
restricted set of game types (which they could personalize to their wish). The list of the
needed competences, the specific programming skills, and foreseen difficulties related
to the proposed games gave the basis for the definition of a distributed scaffolding
including unstructured help from peer and experts as well as structured support.

The structured support included a complete working sample of the proposed games
and, for each game, a set of descriptions at different levels of detail. Furthermore,
ready-made routines were provided for the most difficult parts of the games (e.g. in a
jigsaw puzzle, the routine to check the distance of the actual position of a piece of the
puzzle from its final destination). A specific meeting was also planned with the whole
class to solve some of the most common problems (e.g. how to detect when all the
pieces of a puzzle are in place).

3.2 Choice of the Programming Environment

Scratch [18], created by the MIT Media Lab (http://scratch.mit.edu), is especially
designed for children from the age of eight up. Scratch is a playful visual programming
environment, where instructions are given to the computer using programming blocks,
which can be moved with the mouse and joined together like traditional building
blocks. This approach avoids syntax errors and simplifies the programmer’s work.
Blocks are characterized by their color and are grouped according to their meaning.
Moreover, Scratch can be accesses online, allowing students to continue their work
outside the planned school activities.
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Furthermore, Scratch is a social environment, where projects can be shared and
commented, offering, in such a way, a wide collection of source code to copy from and
stimulating ideas in support of creativity.

3.3 Programming Concepts

The learning path was oriented at introducing some of the basic CT concepts through a
coding activity in a playful environment with the final aim of developing simple digital
games. In the defined path, the developing activities have been focused on a limited set
of games, addressing the following concepts:

• Variables, needed for the management of the player’s score and in some games to
be able to count the cards in order to understand when the game ends;

• The “if … then … else” block to manage different alternatives;
• Loops: for example, in the labyrinth there is a continuous check of the current

position to avoid crossing walls;
• Synchronization of events to allow something to happen only when the game

finishes or starts.

These concepts were chosen as they are at the basis of coding and are suitable to
students of the chosen age. In the first part of the project, these concepts were presented
along with several exercises to help students completely understand and remember
them. In the second part of the project, a role-play was organized in which students,
working in groups, played the role of game developers creating their own digital game.
A restricted set of games, described in Sect. 4.3, was offered to choose from in order to
limit the complexity of the coding activity.

4 The Case Study

4.1 Description

After the learning path was completely defined, a single explorative case study was set
up to verify how effective it would be in an Italian school environment. The aim was to
identify the main problems and issues in the use of the learning path, allowing for later
adaptations to best match it to the school needs. The choice of testing the learning path
through a case study was needed because the evaluation had to happen in a typical
classroom, involving directly the class teacher, in the target context [19].

The case study, organized in a primary school in Genova (Italy), involved one
grade 5 class (24 students, 13 boys and 11 girls). The class teacher was an active part in
the whole project, along with four trainee teachers from the University of Genova who
offered students some technical help and observed them at work during the meetings.
Researchers, who were present at all the meetings, supported the class teacher in
organizing the activities before the meetings and occasionally offered some technical
support to the students.
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4.2 Project Activities

Twenty meetings were organized, once a week, from November 2017 to April 2018.
All the activities were part of the normal school curriculum and took place during
school hours, either in the classroom or in the school computer lab.

The learning path was structured into two phases: an introduction to the Scratch
programming environment during the first 10 meetings, followed by the role play in
which students, organized into little groups, developed a simple digital game.

During the first phase of the project, after each meeting, students were asked to
write a short diary of their experience. They were provided with a structured sheet
where to report what they had done, state what they liked best, write about problems
they had found and say something about their plans for the following meeting. They
could also indicate their appreciation by choosing an emoticon (a smiley, a neutral or a
sad face). Texts from all the collected diaries were typed and analyzed.

In the second phase of the project, students were organized in groups of four and
played the role of software developers by building a complete and working prototype
of a digital game, one for each group, including the basic game mechanics. The
developed games were:

• Labyrinth. A typical labyrinth with coins to be collected before reaching the exit.
• Memory. A set of cards, containing two copies of each card, was shown with the

cards upside down, and the player had to find the two cards that were the same (two
different versions of memory games were implemented).

• A jigsaw puzzle with no rotation. An anime image was broken into pieces and the
player had to put it back together by moving the pieces to their correct place.

• A jigsaw puzzle with rotation only. A football field was broken and the player had
to fix it by rotating the pieces to make them match.

• Educational Balloons. Balloons of different color and shape raised in the air, when
the player clicked a balloon, it burst and a question on a school subject was asked.
The subject was linked to the looks of the balloons, for example, the blue M-shaped
balloon triggered a Math question. If the answer was correct, the player got a point.

4.3 Collected Data

At the end of the project, students filled in a questionnaire addressing their appreciation
of the Scratch programming environment and the project activities; their evaluation of
the support received, including written materials, trainee teachers, class teacher, and
researchers; their evaluation of the group work and an overall score out of 10 to the
project (the final average score was 8.04).

Moreover, all students were interviewed at the end of the project by a researcher.
The structured interviews aimed at verifying how much students were aware of the
work done, if they remembered some problems they met and how they were solved,
and if they would be able to solve those same problems independently. A sheet with 10
questions was used to guide the interviews, but students were free to add any obser-
vation or comment to their wish. All the interviews were recorded, typed and then
analyzed.
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Finally, a short multiple-choice test was given to the students to assess what they
learnt of the Scratch programming environment.

5 Some Reflections on the Students’ Work

5.1 Students’ Autonomy

At the start of the project, a learning path was defined aimed at the collaborative
development of a digital game by students. A creative project oriented approach was
chosen, trying as much as possible to push students to be creative and to explore freely
Scratch. Nevertheless, at the beginning of the case study, it was immediately noticed
that students needed a closer guidance: when left free, they tended to stop working and
were generally lacking the ability to pursue their own objectives. They became more
positive and active as a larger number of specific exercises was assigned at each
meeting.

The analysis of the texts from student diaries supports this observation. Diaries
were organized into four sections: Report (what was done during the meeting), Like
(something they particularly liked), Issues (a problem they met) and Next Time (plans
for the following meeting). Texts from the diaries were coded by one researcher and
two trainee teachers independently and then the results of the coding activity was
merged. The identified topics were then grouped into the following categories:

• Scratch – all about coding and Scratch in general;
• Work Management – planning the work, finishing what was started, etc.;
• Social Issues – working with peers, sharing projects, looking at peer’s work or

working alone;
• Attitudes – attention and commitment, as well as generic difficulties (e.g. a girl

wrote “mi sento confusa” – I feel confused);
• Logistics –problems with electricity, headphones, speakers, room, etc.;
• Play activities – playing with the finished games, either the student’s own project or

other’s projects available on Scratch.

Diaries showed that in the Report, Like and Issues sections, more than 70% of the
topics were about Scratch, against 27% in the “Next Time” section (Fig. 1). When
students had to write about their plans for the following meeting, most of them did not
think about the technical work they could do, but rather about attitudes (“I’ll pay more
attention”, “I will not make mistakes”, etc., for a total of 41%). This shows that most
students tended not to have a specific plan for the following meeting.

In the second phase of the project, at the beginning of the game making activity, a
free exploration, trial and error approach was pushed and help was given only when
students asked for it. After a short time, as some groups showed the need for more
guidance, written instructions were offered. At the end of the project, the interviews and
the final questionnaire showed that while some students still felt the need to be guided,
others were starting to be more independent.

In the final questionnaire, students were asked if they thought that the instructions
they received were useful or not. Half of them affirmed that they would have liked to
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have them earlier and 20.83% said that they just followed the given instructions
without completely understanding what they were doing. The remaining 29.17% of the
students affirmed that they only used instructions partly, and did the rest autonomously
(12.50%) or they would have preferred to continue without the instructions (16.67%)
(Fig. 2). According to this result, nearly 30% of the students show a greater level of
independence and autonomy in their work.

With this respect, the learning path should nurture more an autonomous and cre-
ative approach, by spending more time during the first phase in giving students a large
set of short exercises and letting them approach each task with an incremental amount
of autonomy, while gradually fading the given support, as stated in the theory of
scaffolding [20]. Students need to learn gradually not to rely too much on a close
guidance from their teacher and be more active in managing their own work.

Fig. 1. Topics per diary section (from the students’ diaries)

Fig. 2. Students’ opinion about instructions (from the students’ questionnaires)
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5.2 Use of the Scratch Programming Environment

Scratch was chosen because it can be accessed both from school and from home,
assuming that students would continue their exploration outside school hours, but this
assumption was proven false. Only two out of 24 students actually connected outside
school hours, and the class never went to the computer lab outside the hours devoted to
the project. Consequently, more than one meeting was needed for every new concept
and a number of exercises were added to help understanding and memorization.
Likewise, those topics that were not central for the games to be developed were
dropped or just outlined (animations, music, microphone and camera management,
etc.).

In the final interview, less than half of the students affirmed that they looked at the
existing Scratch projects for inspiration before starting to develop their game; none
searched Scratch on-line environment with the aim of finding parts of code and most of
the interest for other people’s projects were related with the possibility to play with
ready-made games.

This observation is closely linked to the students’ autonomy in managing their own
work. Most of them just did the task that was assigned, and their curiosity was limited.
As stated earlier, spending more time on small tasks with an incremental request of
autonomy may lead students to a more curious and creative approach as they increment
their self-confidence and acquire a deeper knowledge of the programming environment.

5.3 Programming in Scratch

As for programming, all the groups demonstrated to be able to develop their game at
the end of the project, even though most of them still needed some level of scaffolding.
Different levels of fluency were noticed within the class, ranging from those who
demonstrated to be able to solve simple problems without help, to others who still
needed a close guidance. In general, students were observed during their work, noticing
that often they were not immediately sure about how to overcome their technical
problems. Nevertheless, they usually managed to find help from peers, and often found
the solution without the intervention of the adults.

At the final test aiming at assessing what students learnt of the Scratch program-
ming environment, 75% of the students managed to pass the test, showing to have
memorized and understood the most common instructions.

Nevertheless, moving and rotating objects was considered a difficult task up to the
end of the project. In the students’ diaries, 48.19% of the reported issues related to
Scratch were about objects and backgrounds, and 67.5% of these regarded moving or
rotating objects. In the second part of the project, the issue was not completely solved.
At the final test on Scratch, one question showed the script needed to move an object
with the arrow keys, and 39.13% of the students still had problems in recognizing it.

Some students at this age still need to ground their concepts into concrete activities
before moving to a virtual approach, which requires a certain level of abstraction.
Before introducing the movement of objects on the screen, a tangible session based on
moving a physical object by giving it the needed commands, would help understanding
deeply the underlying concept. Students who worked on the Labyrinth game showed a
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greater confidence with respect to being able to move an object with the arrow keys,
showing that they need a longer time to think about, try out and reason on the new
concepts, and in those cases in which this has been possible, results were obtained.

All the developed games were a simplified version of the original games. However,
in all cases, a complicated issue was considered and dealt with. To make the Memory
games simpler, cards were not shuffled at the start of the game, but students had to
devise a routine to detect the correct pairs of cards. Both jigsaw puzzle games had to
check the position and rotation of the pieces and count the remaining cards to the end of
the game. The Educational Balloons game requested to manage a list of questions and
match them with the correct answer. All these concepts have been successfully turned
into functioning algorithms by the students, even if often with some support from the
adults. Students always participated actively and, in most cases, showed to have fully
understood the algorithms.

5.4 Role of the Class Teacher

The class teacher was already ICT competent and was one of the reference teachers for
the school ICT projects. Before the start of the project, she followed an online course
on Scratch and analysed all the proposed activities in order to be well prepared for the
meetings with the students. Nonetheless, this preparation was not enough to cope with
the complexity of the project and sometimes she needed technical support. This is a key
element to consider when organizing this kind of activities: teachers need to have a
deep knowledge of CT and coding, which usually goes well beyond the basic skills
usually required by the Italian schools.

During the meetings in the school computer lab, students worked in groups and,
especially at the beginning, they often asked for help. One teacher is not enough to
support the whole class. In the present experience, two trainee teachers and a researcher
were present at each meeting with the objective of observing the groups at work, but
they often had to provide help to the students, both with respect to coding issues and
work organization. In order to manage correctly such a project, a group of CT com-
petent teachers working together is recommended, possibly with specific knowledge of
the chosen coding environment. This would allow for an adequate support both for
students and for teachers themselves.

6 Conclusions and Future Work

A learning path fostering computational thinking skills through a game making activity
in the last years of an Italian primary school was defined and then tested in a case study
involving one grade 5 class. Unlike other experiences, participation was not on a
voluntary base, but the whole class and their teacher played an active role in the
project.

Results from the case study showed some strengths and weaknesses of the defined
learning path. Among the main strengths, the role-play was proved highly motivating.
Every group managed to create a complete game prototype, which was presented at an
end-of-year meeting with the families and the head of the school with great satisfaction
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of all the students. Some difficult concepts or algorithms are best introduced with the
use of tangible examples. This has been successfully done for some algorithms related
to the games (e.g. in the Memory game, the identification of a pair of equal cards), and
should be extended to other concepts to make them more easily understandable. For
example, students may start moving a physical object on a grid on the floor before
dealing with digital objects moving along virtual paths on the screen.

In the project, students’ autonomous exploration of Scratch was rare, and most of
them only did what they were asked to do. However, some improvement has been
noticed during the project. In a future experiment, a larger number of easy activities
based on a recursive learning cycle that can be completed in a short time may guide
students towards a more autonomous, creative and active approach to learning. More
time should be given to foster students’ free creations after prompting them with a
simple task. Sharing and discussing their work with peers should also be pushed more,
in order to stimulate a reflection on their experience, and generate new ideas [17].
Furthermore, students need a lot of time and practice before being able to take full
advantage of the social advantages offered by Scratch. They tend not to share their
creations, look for inspiration or search for help to overcome specific issues, limiting
peer support to classmates. In this case, intermediate steps may be devised, as the
creation of a class level sharing space promoting search and discussion. With practice,
students would learn how to productively search, share and comment in a constructive
manner.

In order to support fully the whole class, more than one teacher needs to be
involved, and all the staff is required to be competent with respect to the CT and
coding.

The overall time available was too short with respect to the objectives that were
initially planned. With respect to this problem, a one-year project may work better if
focused on a limited range of concepts, aiming at the development of different versions
of one game only. In future projects, the revised learning path will be tested more
deeply, allowing for a longer periods of time, spanning over several school years, and
concentrating each year on a smaller number of concepts.
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Abstract. Games have long been considered as a means to support effective
learning, motivate learners and accelerate their learning. Several successful
studies using game-based learning are reported in the literature. However, there
appears to be a research gap on systematically evaluating accelerated learning in
game environments. The main research question we address in this paper is how
can we evaluate accelerated learning in game-based learning environments? The
main contribution of this paper will be a framework for evaluating accelerated
learning in games (ALF). We will illustrate the use of this framework by
describing studies conducted in the Norwegian industrial project ALTT
(Accelerate Learning Through Technology), aimed at capacity building in the
aluminium industry, where we have co-designed a game for accelerating
learning about the electrolysis process for extracting aluminium and heat bal-
ance in the aluminium production cells.

Keywords: Accelerated learning � Game-based learning �
Cognitive skills � Workplace learning

1 Introduction

Many industries are experiencing significant changes due to digitisation of the work-
place. As such, employees are faced with new demands for cognitive skills and
challenged to acquire them rapidly. Many organisations have recognised this need and
are looking at new means of engaging employees and using novel and digital solutions
for accelerating learning in the workplace. Successful engagement of employees in
their work are seen in organisations that invest in the employee experience [1].

The use of games, as a means to support effective learning, motivate learners and
accelerate their learning; e.g. [2, 3], has gained increased interest by manufacturing and
process industries in recent years. Although there is growing evidence in literature of
successful studies using Game-Based Learning (GBL), there remains a research gap on
systematically evaluating accelerated learning with GBL in workplaces. While GBL
claims it can accelerate learning, there are no frameworks that explicitly address this.
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Furthermore, the transferability of what is learned to the real world is often neglected in
the evaluations. This paper presents a framework for evaluating accelerated learning in
games, ALF. Our main research question is how can we evaluate accelerated learning
in game-based learning environments at the workplace? We draw inspiration from the
work done by the Serious Game community (e.g. [2, 4]) and the research in adult
learning (e.g. [5, 6]). We illustrate the use of this framework by describing studies
conducted in the Norwegian industrial project ALTT (Accelerate Learning Through
Technology), aimed at capacity building in the aluminium industry, where we have co-
designed a game for accelerating learning in the process industry – ALTT Heat Balance
game. The project partners are the Norwegian aluminium producer Hydro, Attensi who
develops gamified training solutions, Cybernetica who develops simulation models for
dynamic process control and SINTEF.

Using the seven principles of accelerated learning from [6], we broaden the per-
spectives of learning traditionally adopted in serious games studies, where learning is
considered beyond the knowledge retained after an intervention and considers the
transformation of the learner’s attitudes, motivation, confidence and reflection. As
such, we discuss the potential to support accelerated learning in games and how to
evaluate it.

The rest of this paper is organized as follows: Sect. 2 provides a background on
accelerated learning; Sect. 3 presents the ALF; Sect. 4 describes the ALTT Heat
Balance game and evaluation of learning; Sect. 5 discusses evaluation of accelerated
learning using the ALTT Heat Balance game and finally Sect. 6 concludes the paper.

2 Accelerated Learning

Accelerated Learning has been defined as “faster attainment of skill and knowledge,
and an increase in on-the-job performance with better retention of learning” [5]. Other
definitions also focus on the time factor; e.g. “any learning system that attempts to
optimize time spent learning versus content learned” [7]. Learning in the process
industry as in any other, the amount of time spent by personnel in training corresponds
to productivity loss and is usually associated to a cost rather than an investment.
Consequently, there is a strong desire to reduce the time to competence [8]. In addition,
the depletion of knowledge over time, or retention, is seen as an important factor [5].

Within the context of adult learning and training, accelerated learning takes a
multidimensional approach and places the learner in the centre [9]. The origins of a
“whole-body, whole-mind, whole-person experience” learning process was proposed
by Meier [6]. This approach makes the use of multisensory learning environments,
brings the ideas from Howard Gardner’s multiple intelligences and makes use of both
the right and left brain of a person. Meier’s work has been used by several authors as
the seven guiding principles of accelerated learning [10]: (i) learning involves the
whole mind and body; (ii) learning is creation, not consumption; (iii) collaboration aids
learning; (iv) learning takes place on many levels simultaneously; (v) learning comes
from doing the work itself (with feedback); (vi) positive emotions greatly improve
learning; and (vii) the image brain absorbs information instantly and automatically.
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Several accelerated learning methods have been discussed in the literature and the
evaluation of the learning outcome is important to determine the efficiency of the
learning method. A set of features and characteristics proposed to evaluate the methods
are based on three features: planning, application and deep understanding [3]. Planning
involves engaging the learners when introducing new material and illustrating the use
of the knowledge. Application involves the learner demonstrating the use of the
knowledge and the consequences of applying the knowledge. Deep understanding
involves engaging the learner on reflection upon her own learning and self-assessment
of the application of the knowledge.

3 ALF - Framework for Evaluating Accelerated Learning
in Games

Frameworks exist for the selection of an appropriate game for learning, e.g. [2], to help
educators in choosing the right pedagogic approach and a game. The ideas from this
framework by de Freitas et al. have later been developed as a framework for evaluating
learning as immersive experiences [11]. This framework identified four dimensions:
model or profile of the learner, the pedagogical aspects such as current knowledge of
the learner, the context and the representation of it, such as the interactive nature.
Mayor et al. proposed a comprehensive conceptual framework to support the design,
data gathering and evaluation of serious games [4]. Mayor et al.’s framework takes into
account the pre- and post-game conditions such as the learners’ knowledge and atti-
tudes; mediating variables such as learning styles and the context of learning. Fur-
thermore, it provides guidelines for ensuring the quality of the intervention and data
gathering for the evaluation. While these frameworks provide ideas for the evaluation
of learning, they lack explicit support for the evaluation of accelerated learning using
games, in particular, in adult learning at the workplace.

Based on the literature and existing frameworks for evaluating learning and serious
games, we have identified three perspectives as central for supporting accelerated
learning; the cognitive and affective domains [12] and the context of learning. Affective
learning relates to the learner’s emotions, interests, attitudes, and motivations [13, 14].
Bridging ideas from effective learning design, Vygotsky’s ZPD [15] and Flow theory
are important in the design of games for accelerating learning, to ensure that learners
are engaged in an activity that is appropriately challenging to one’s skill level. Gee uses
the term “pleasantly frustrating” to describe the play to be challenging without being
unmanageable for the learners [16]. Furthermore, contextualizing the learning so that
the learners could practice in a relevant virtual environment and the potential to easily
transfer what they have learnt to their work situations is important [17]. The synergy
among these three perspectives is important for accelerating learning. These ideas and
concepts are consolidated in ALF, which is illustrated in Fig. 1.

The cognitive-affective perspectives are relevant for determining good learning
design, planning the learning progression and ensuring the right level of help or
designing scaffolding. Similarly, the synergy between the affective domain and the
learning context can support experiential learning and transferability of the learning to
the work context. Finally, the synergy between the learning context and the cognitive
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domain can support the design of the appropriate learning content and activities to
ensure deep understanding. These perspectives have similarities to the framework for
evaluating learning as immersive experiences by de Freitas et al. [11]. By considering
the synergy between two perspectives, we address all the dimensions identified by de
Freitas et al. such as pedagogy and the learner profile and model; e.g. the learner profile
will be relevant information in determining the appropriate content: synergy between
the cognitive and context perspectives.

ALF, illustrated in Fig. 1, can be elaborated further to apply the ideas in the
evaluation of accelerated learning. We have categorized the criteria and guiding
principles for accelerated learning from the literature into the three perspectives, shown
in Table 1. The criteria relevant for evaluating accelerated learning and types of
activities that could be done in the evaluations are described. Some of the criteria
address more than one of the perspectives; e.g. reflection is a cognitive support while it
can reinforce the learning context. Similarly, feedback applies to both the cognitive and
affective domains, e.g. a hint or clue is in the cognitive domain while a reward (as a
feedback) is in the affective domain.

Fig. 1. Main concepts in evaluation framework for accelerated learning (ALF)
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4 Heat Balance Simulation Game and Evaluation
of Learning

The context for the ALTT Heat Balance game was the aluminium production cells and
the heat balance in the electrolysis process. The domain required the understanding of
the dependencies among the parameters temperature, acidity, superheat and the liq-
uidus temperature. Since the electrolysis process is a dynamic process, a key design
decision was to implement a dynamic process model of the cell that could simulate
future states of the cell. The actions in the game can be translated as parameter values
for the dynamic process model. The gameplay is based on rounds, each corresponding
to a 24-h time period, and the game environment calls the associated dynamic process
model to obtain the new status of the model, based on the actions taken by the player.

As illustrated in Fig. 2, the game is designed around a 9 cell matrix, with axes
showing the bath temperature and the superheat – the 9-box model. This is the essence
of the conceptual model that captures the interdependencies of the aforementioned
parameters associated to the electrolysis process. The current state of a production cell
is shown as a dot position in the 9-box model. The other main GUI component is the
cell’s historical information, which is shown as a set of graphs, which include infor-
mation on resistance, fluoride additions, acidity and bath temperature. The game is
played by selecting one or more actions that will be taken on a cell, shown bottom right
of the GUI. The actions available in the game are changing the resistance and the
amount of fluoride (acidity) in the cell, wait without taking any action or add soda to
the cell. Once an action is taken, the graphs and the 9-box model are updated with the
new state of the cell, calculated using the dynamic process model.

Table 1. ALF criteria for evaluating accelerated learning in games

Perspectives Criteria and evaluation activities

Cognitive Reflection and reflective practice [18] - In-game or post-game, through
interviews and discussions
Preferred learning Style [19] - Pre- and post-game: self-reported attitudes
Creation, not consumption [6] - In-game: active learner through game logs,
learner contributions

Affective Emotional engagement [14, 20] - In-game: through game logs. Post-game: Self
reported
Attitudes and motivation [14, 21] - Pre- and post-game: Self reported
Involves the whole mind and body [6]
Feedback [6] - In-game: through game logs to see if the learner’s play is affected
by the feedback

Context Learning by doing, and in context [22–24] - In-game: through game logs. Post-
game: self reported
Transferability [5] - Post-game: self reported
Collaborative and social learning [6] - In-game: through game logs. Post-game:
self reported
Images, visuals [6] - In-game: through game logs. Post-game: self reported
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The game was co-designed with the operators and domain experts to ensure its
relevance for the workplace and to understand the context of learning as well as to
engage the end users from the beginning. Inspirations from Cognitive Task Analysis
(CTA) methods, (e.g. [25]), were used to understand the typical problems faced during
a working day, operators’ cognitive challenges and the cues and hints that help them
understand their tasks and the domain knowledge. Learning path and progression and
functionality to support reflection and timely and appropriate feedback were explicitly
considered during the design process; e.g. see [26].

4.1 Evaluation of Learning

The evaluation method was based on knowledge tests, combined with self-reporting
(e.g. questionnaires) and in-game session log data [4]. We have conducted 4 summative
evaluations with operators, across 4 aluminium production plants. Two of the evalu-
ations (8 and 28 participants) were based on pre- and post-intervention evaluations,
where questionnaires and interviews were used. The other two evaluations (12 and 16
participants) were conducted, where the game was used as a part of a classroom course
to support reflection. In both these cases, the trainer was able to observe and interact
with the participants during the course. The participants also completed questionnaires
specifically designed for these courses. In addition, we have conducted numerous
formative evaluations, where the operators were asked to play in pairs and talk aloud,
play individually followed by a focus group discussion or individual interviews and
observations by the project team.

The pre and post knowledge questionnaires were designed to evaluate the
knowledge gain by playing the game. The pre-intervention background and post-
intervention questionnaires included other aspects such as attitudes, perceptions,

Fig. 2. Screenshot of a game session of the ALTT heat balance game
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usefulness and usability. The results from all four evaluations show that there was
knowledge gain for most of the participants, i.e. 80% of the participants, who com-
pleted both knowledge questionnaires. The mean knowledge increase was 61%. There
was a correlation between the level of knowledge gain and the pre-knowledge level of
the participants; i.e. the participants that had low knowledge gain often had a high pre-
knowledge level while the participants with a high knowledge gain had less pre-
knowledge level. The knowledge gains were higher among the least experienced
operators than the most experienced operators. These results provided insights that will
help adapt the learning design better; e.g. adapt the learning paths, game scenarios and
feedback for the different needs of learner groups.

5 Evaluation of Accelerated Learning

The evidence of knowledge gain from the pre- and post-intervention knowledge
questionnaires is not sufficient to establish that the learning took place faster than any
other means or if the amount of knowledge gained or the understanding was indeed
greater within that time. In our project, it was not feasible to use control groups due to
operational reasons within the company. In response to the constraints of conducting
evaluation studies within real industrial settings involving operators with different
levels of expertise, we used the ALF framework to design the pre- and post-
intervention questionnaires to ensure that the criteria and the principles of accelerated
learning are taken into account. Questions were included that addressed the three
perspectives of ALF. In the following paragraphs, we discuss how ALF has been used
to evaluate accelerated learning using the ALTT Heat Balance game.

Cognitive Perspective: One of the most important feedback we have received from
both formative and summative evaluations is that the game helped learners understand
the dynamic process by seeing the causality of their decisions immediately, which was
one of their cognitive challenges (note: in real life this could take days as the chemical
processes in the aluminium production cells are slow). The learners expressed that the
most important role of the game was “to be able to see the consequences of your
actions”, and “learn from your mistakes”. The game was designed to encourage a
reflective practice, where the operators are expected to review the current status by
looking at the history of the cell and to anticipate the consequences of their actions on
the cell [26] (in-game). Game logs show that learners use the support for reflection in
the game. In addition, the post-intervention questionnaires from the studies show a
positive response towards the functionalities in the game to support reflection, (see
Fig. 3; the statement “the game can help me reflect better on what I have learned…”).
The preferred learning style was evaluated by asking the learners if they think that
games are a good way to learn and the data shows that over 80% of the participants
either agree or strongly agree (Fig. 3). Creation and not consumption was considered
in the interactive game design and by adding functionality to make the players take
intentional actions and game logs confirm that they do.
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Affective Perspective: Observations during all studies indicated engagement by the
learners (note that observation and talk aloud were used as methods during most of the
formative/iterative design related studies). Emotional engagement, attitudes and
motivation were evaluated using questionnaire data which indicate a positive attitude
towards learning about Heat Balance, an increase in the learners’ confidence and
perceived understanding. Several statements were included in the questionnaires and
the responses show positive results (see Fig. 3). For the statement “I think games can
be a good way to learn”, over 80% of the learners agree or strongly agree, although the
post-intervention results were less positive than the pre-intervention results. Over 70%
agreed or strongly agreed that they understand the basic concepts and relationships
better after playing the game and the statement related to learners’ confidence show an
improvement in the post-intervention results. Interviews and questionnaire data show
that learners were positive towards the feedback and hints provided in the game.
Feedback was provided within the game in many ways; e.g. by showing how the
anticipated consequences of their actions differed from the actual consequences, and by
letting them know when they were one or two turns away from winning the game.
Hints were provided as information icons and suggestions when they were repeating
the same mistake. Preliminary analyses of the play patterns from the game logs show
play patterns where it is evident that learners respond to the feedback from the game to
improve their scores. At the end of each game scenario, the player is provided a score
and feedback as stars and glitter and several participants found this visual feedback
encouraging.

Context: Learning by doing was evaluated using open-ended questions in the
studies where the game was a part of a classroom course, to support reflection. The data
indicates that the game complements the theory by enabling the learners to experience
trial and error in the game environment (see Fig. 3). One learner expressed that “it’s
much easier to understand the theory when one gets to test oneself”. Transferability
and a realistic game was a criterion and the iterative design and evaluation approach
ensured this. The dynamic process model and the simulations from the model visu-
alised by the graphs on the user interface made the game realistic, thus supporting easy
transfer of what is learnt in the game to the real work situation. Post-intervention

Fig. 3. Using ALF for evaluating accelerated learning
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evaluations show that the learners think they can use what they’ve learned from the
game in their work and they can relate the contents to their daily work, (see Fig. 3).
Over 60% of the learners agreed or strongly agreed to the statement “I can relate the
contents of the game to my work”. Similarly, over 70% of the learners agreed or
strongly agreed to the statement “I think I can use what I’ve learnt from the game in my
work”. The game is designed primarily for supporting individuals rather than social
and collaborative learning. However, the participants have expressed that playing in
pairs and using the game to support discussions and collective reflection among peers is
helpful to their understanding. In addition, the expert users, who often take a mentor
role for the novices, have identified the game as an important medium to help the
novices understand the dynamic process and the complex dependencies and expressed
a need for the game to support discussions at the workplace. The visualisation of the
cell in different ways (e.g. the graphs, the 9-box model and others) that relate theory
and operations (the graphs are what they use at work) support understanding and
transfer of the knowledge.

6 Conclusions and Future Work

Frameworks for the design and evaluation of serious games exist and most of them
focus on the evaluation of learning. While GBL claims it can accelerate learning, there
are no frameworks that explicitly address this. This paper presents a framework for
evaluating accelerated learning, ALF, where the cognitive, affective and contextual
perspectives and the synergies among them were central concepts of the framework.
The main research question addressed in this paper is how can we evaluate accelerated
learning in GBL environments at the workplace? The use of the framework is described
using the results from four summative evaluations with the end users.

The framework itself emerged simultaneously with the design of the game and the
evaluation studies. This is perhaps not uncommon in industry and innovation projects.
Nevertheless, since the game had an iterative design process, the central ideas of the
framework influenced the design of the game and the evaluation method and material.
Relevant results from the evaluations are discussed in the paper to illustrate how the
ALTT Heat Balance game can support accelerated learning.

We are currently working on a comprehensive evaluation of the framework and a
detailed analysis of the evaluation results. Based on the results we have so far, further
evaluations studies are planned, with focus on accelerated learning using games and to
address specific issues with specific user groups.
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Abstract. Musicality is the concept that refers to a person’s ability
to perceive and reproduce music. Due to its complexity, it can be best
defined by different aspects of music like pitch, harmony, etc. Scientists
believe that musicality is not an inherent trait possessed only by musi-
cians but something anyone can nurture and train in themselves. In this
paper we present a new game, named Musicality, that aims at measuring
and improving the musicality of any person with some interest in music.
Our application offers users a fun, quick, interactive way to accomplish
this goal at their own pace. Specifically, our game focuses on three of
the most basic aspects of musicality: instrument recognition, tempo and
tone. For each aspect we created different mini-games in order to make
training a varied and attractive activity.

1 Introduction

From personal experience we know there are different types of people interested
in improving their ability to perceive and reproduce music for a variety of reasons.
There are those who would like to learn to play an instrument, to sing, or to
dance, but do not know where to start. Others strive to improve their tone
hearing so they will be able to tune a guitar without help, to strike the right
note while singing, or maybe even find the right notes to compose their own
music. As dancers they want to have a really good perception of the tempo of
a piece of music as well as its tempo changes. There are those who just enjoy
listening to music, but ask themselves if they could enhance their perception
of music somehow. Others are just curious to see how musically inclined they
really are. In addition, there are people who are already taking music lessons
and studying music at a university or consortium to become musicians or music
teachers, who may be frustrated by boring theory lessons that repeat the same
exercises again and again. All these people interested in music comprise the
target audience of our game, whose goal is to provide a fun interactive way of
testing and improving their musicality.

There is no widely agreed upon definition of musicality however most people
agree that it is a term describing the feeling (or perception) of music [7,9].
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Musicians are viewed as people with a high sense of musicality, but that does not
necessarily mean they are born with it. While some people are musically inclined,
it still requires practice and training to shape musical skills into something that
can create respectable art.

The brain has a certain level of plasticity which allows this honing of
skills [12]. Through exercises and training it is possible for a player to improve
certain aspects of musicality, which is also the stated goal of our work. Specif-
ically, we focus on three aspects of musicality: instrument recognition, sense of
tempo, and tone hearing. These three aspects are usually considered among the
most basic skills users need in order to start improving their musicality and,
as mentioned above, they give valuable input to learn to play an instrument, to
sing or to dance. For each aspect we have designed a set of mini-games that both
train and assess the player’s skills in that specific aspect. Our game shares the
essence of several different musicality tests. However, it deviates by focusing on
three general aspects instead of specific rote skills, targeting users of different
skill levels. Through player testing, we confirmed our goal of creating an educa-
tional application that motivates the player to keep practicing on their musical
skills.

2 Related Work

There already exist several musicality tests, most of them being used by uni-
versities as entry exams to test prospective students, e.g. the Seashore test,
or PROMS (Profile of music perception skills) [8]. PROMS consists of tests for
melody, tempo, accent, tone, tuning, rhythm, embedded rhythms, pitch and tim-
bre. There was also a test conducted in the United Kingdom in 2011 [2], taken by
more than 150,000 people, the largest ever investigation into the musical profile
of an entire nation. It turned out there were some hidden musical talents in the
population, and that many people seem to over or underestimate their musical
abilities. A lot of people in the music business scored rather low at that test, so
no real correlation exists between people who make money from music and their
musicality. It was apparent that people who had undertaken musical training
were better at remembering melodies and tapping out a beat in time, but not
at detecting subtle differences in sound [1,2].

There are also commercial websites and applications that train a player’s
musical abilities or ear, respectively. These include Musical-u [3] and the Perfect
Ear [4], which focus on music theory like interval hearing and other exercises
for ear training. Pure ear training should however be differentiated from musical
ear training. The website thetamusic [13] features several different, unconnected
mini-games to train different aspects of musicality. In contrast, we strive to
connect our created games to form a coherent product.

More developed music training applications also exists, such as Meludia [10].
Meludia is an ear training application that provides exercises in the form of sim-
ple games. Meludia covers many fundamentals aspects of music: recognition of
melodies, forms, rhythm, intervals, chords, inversions, progressions. The develop-
ment of the player ranges from the Discovery to the Expert modules. They also
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include a practice mode and provide feedback when a player makes a mistake.
In the discovery mode the tasks are formulated in a way that no musical knowl-
edge at all is needed, e.g. they ask for stable/unstable instead of harmonics:
minor/major. All in all, we can say that Meludia is in far from our vision of a
musicality enhancing game. Our work is meant for a more general audience and
not only (amateur) musicians and people taking music lessons. We also focus on
three aspects of musicality: instrument recognition, tempo, and tone, with several
different mini-games for each. Specifically, we developed a missing instrument
mini-game to recognize when an instrument is removed from an ensemble by
listening to the same piece of music with and without the missing instrument.

3 Game Design

As mentioned in Sect. 1, the purpose of this game is to help train and improve the
player’s musicality over a time period. Our game is centered around a musicality
test which is used to assign a level of musicality to the player over the three pre-
viously mentioned aspects (instrument recognition, tempo, and tone). Although
more clinical musicality tests (e.g. [8]) could also have been implemented, we
decided to focus on the three mentioned aspects as they are fundamental com-
ponents of musicality. For each aspect, we develop several mini-games, listed in
Table 1. To ensure the overall quality of each mini-game given the time frame of
development, we focused on producing three to four games for each musicality
aspect. We offer five levels of difficulty, each one accompanied with a title pre-
sented to the player. Specifically, these levels are: Level 1 - Beginner, Level 2 -
Amateur, Level 3 - Professional, Level 4 - Rock star and Level 5 - Maestro. We
use the same mini-games in our test and in the two training modes we present
later in the section.

Table 1. Overview of mini-games per aspect

Aspect Instrument recognition Tempo Tone

Mini games Instrument recognition
Missing instrument
Instrument counting

Tapping along
Continue tapping
Tempo difference

Sorting tones
Tone memory
Matching tones
Pitch difference

Purpose Hear instruments in a
arrangement

Build skills related to
rhythm and pace

Distinguish frequencies
and intervals

Each of our mini-games ranges in difficulty between Beginner (Level 1) and
Maestro (Level 5). For our instrument recognition mini-games, we increase the
number of instruments played in each track. We also increase the number of
instrument options that are presented to the user. We use these tactics to chal-
lenge the player to clearly hear and distinguish the different instruments in
a track in order to choose the correct answer. For our tempo mini-games, we
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reduce the acceptable threshold between the player’s input and the tempo for
a given composition. Specifically for the tempo difference mini-game, we shrink
the change in tempo between the two presented tracks, making it more diffi-
cult to distinguish the difference between them. Finally we reduce the interval
between the different notes or tunes the player has to distinguish in our tonal
mini-games. By either reducing the difference between compositions or increas-
ing the possibility in choices, each of our mini-games can become progressively
more challenging and continue to assist the player in building their musicality
skills.

To make our game accessible to a wide audience, we designed two training
modes: “Story mode” and “Challenge Mode”. Each mode leverages different
player incentives in order to promote engagement. Story mode is a more tradi-
tional walk-through experience for players looking to improve their musicality
through suggested games. Challenge Mode caters to a more competitive style of
play, motivating players by completing achievements. Both modes contain the
same mini-games and focus on the three aspects of musicality listed in Table 1.

3.1 Challenge Mode

Challenge mode allows a player to play all mini-games regardless of their musical-
ity level. This mode exists primarily for those players who do not wish to follow
a progression of levels, but rather enjoy quick, short games. The “Challenge
Mode” also gives the player the opportunity to choose the specific mini-game
they wish to play at any of the five levels of difficulty. Specifically, the player is
presented with a list of all musicality aspects that they are able to train in and
after selecting one they are shown a list with all games related to that aspect.
After finishing three rounds of the mini-game, the player is presented with a
score (in the form of stars) so that they can see how well they performed. The
amount of stars that the player receives depends on how successfully they have
completed the exercise. The game keeps track off the highest amount of stars
a player has gotten for a specific mini-game at a particular level of difficulty.
This presents the player with the goal to get three stars for every mini-game
at every difficulty level. Additionally, the player is given the chance to take the
musicality test whenever they wish to quickly determine their level without the
need of collecting the required points to do a test as is required in Story Mode.

3.2 Story Mode

The player follows a minimal story to gradually increase their musicality in Story
mode. A level is assigned for each musicality aspect and the overall musicality
level is shown, e.g. if the player is assigned level one for all aspects then their
overall level is 1.1.1 (where the first number is the level in Instrument Recogni-
tion, the second the level in Tempo and the third the level in Tone). In Story
Mode, the player follows the character they created who is a beginner musician.
This person wants to make a name for himself in the world of music. How-
ever, they lack the necessary musical skills and need training to acquire them.
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The story is viewed from the perspective of the player and takes place in present
day. In order to improve a particular aspect of musicality, the player must play
mini-games (shown in Fig. 1) related to that aspect.

Successfully completing (part of) a mini-game earns the player notes for that
aspect. Once the player has gathered enough notes they are allowed to take a
quiz to increase their musicality level. This quiz is actually the musicality test
with each aspect increased in difficulty by one level. We do this to check whether
the player has improved their musicality. If the player fails the quiz, then they
stay at the same level and are left with half of the musical notes that they had
before taking the quiz. If, on the other hand, the player has improved in at least
one aspect, they advance a level for that particular aspect. In addition to that,
the player is shown playing at a music gig. Depending on their level, they either
play a small bar gig, a large concert hall, or somewhere in between. The player’s
goal in Story Mode is therefore to complete the final concert for each aspect,
achieving a musicality level equal to 5.5.5.

3.3 Technical Challenges

Because our game runs on mobile devices, there are a few limitations which
we have to deal with. One of our goals was to ensure that our game could be
accessed by as many people as possible. This goal influences how many devices
we want to support. To make it possible for people with older phones to also run
our game we chose to support Android devices which ran “Ice Cream Sandwich”
(API 15) or higher. In practice this means that our application will run on 99.6%
of all Android devices [6].

As many of our mini-games have the player compare pieces of a composition
to determine differences, the mini-games require meta-data about the piece of
music. For instance, the missing instruments mini-game requires the instruments
in order to remove one instrument and display the removed instrument choices
to the player, and the tempo difference mini-game requires timing information
(such as BPM and a time signature). As we want to programmatically make these
changes to the composition, we chose to use MIDI [11] instead of conventional
MP3 files. MIDI files contain score information (note velocity, duration, pitch),
as well as information about which instrument plays a certain note and timing
information (BPM of the music and time signature). We can manipulate this
information in order to play a composition at an exact BPM or pitch. However,
MIDI files do not contain any information on how something should “sound”.
This means that we are unable to represent certain musical perception skills, such
as accent. Usually a MIDI file is played by a MIDI sequencer which takes the
timing and instrument information and plays a instrument sample at the right
time. For this game, we use the Android MIDI sequencer “MediaPlayer” [5]. The
overall pipeline of the MIDI System is shown in Fig. 2.

The process of analyzing a MIDI file for all of its information is the most
resource intensive task in our game. Even though MIDI files are only a few
kilobytes in size they usually contain at least 1000 MIDI events which all have
to be processed. To reduce the amount of stutter of the game when reading
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(a) Story Mode (b) Instrument Recognition Mini-game

(c) Tempo Difference Mini-game (d) Tone Mini-game

Fig. 1. Screen shots showing our game’s story mode as well as a mini-game for each
aspect of musicality we test.
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Fig. 2. MIDI System pipeline

and processing the MIDI data we decided to split the process in two parts. The
MIDI file is first analyzed and all relevant information is extracted and stored.
After this is done modifications can be made to (an abstract representation
of) the composition without performance penalties. Then, once the player plays
the music, the MIDI file is reassembled with all the updated information. The
process of reassembling the MIDI file typically only happens once; if the player
pauses and plays the music again and no modifications are made, the already
assembled piece of music is loaded from a cache.

4 Evaluation

To evaluate the game during development, a test session was planned every week,
making sure that newly implemented features worked and acted like intended.
In this section we discuss our method of testing as well as some of the feedback
obtained during testing.

4.1 Design of Test Sessions and Tests

We conducted weekly sessions with testers who evaluated our application. We
allowed the testers to play the mini-games related to a certain musicality aspect,
and we analyzed their play for: difficulty, engagement, enjoyment, and overall
functionality of the mini-games. We used this analysis to determine direction
that we would follow as the development progressed. It also allowed us to gain
insight as to if the mini-games were meeting the expectations of the testers as
well as if the testers felt the mini-games were improving their musicality.



46 N. Khalass et al.

We had a diverse testing group (56% male and 44% female), where a majority
of our participants were young individuals (86% were between 21–30 years old).
Moreover, one of the test players was a professional musician whose feedback
played a vital role during the development phase of the prototype. Many of the
test players also actively played the mini-games on a daily basis. We hoped that
by looking at the two ends of the targeted group we would be able to get a good
picture of what the needs and preferences related to our game are.

4.2 Result and Discussion

For our game, feedback from both the musician (people who have experience
in playing at least one instrument) and non-musician group were indispensable
as the “alignment” of such feedback from both groups depicts the extent of the
success of the implementation. We received positive feedback from both groups
concerning the design and the originality of some aspects of the game, especially
Missing Instruments. The latter group also commented that they believe that it
might help them improve their musical perception. Furthermore, players seemed
to enjoy playing and most of them were motivated to continue playing in order
to achieve better results themselves.

Since we were especially curious to know how the audio quality affected
gameplay, we explicitly asked the participants during observations. Most of the
testers said it is sufficient, but we also got some complaints that some of the
instruments sounded too similar which made it unnecessarily difficult to recog-
nize them. Moreover, testers suggested that they would like better audio quality
instead of MIDI audio which is the motivation to incorporate better quality
audio files in the game as a future step.

Some suggestions from the tester group provided insight into possible future
additions to the existing prototype. For example, the players would like to be
able to play the mini-games intuitively, without studying the instructions. Also,
the aspect rated with the most disliked mini-games was tempo, as the tapping
mini-games seemed to not always work properly or giving not the right guidance
to follow the beat.

Furthermore, there is still room for improvement in terms of audio quality
and responsiveness. The difficulty scaling of some of the mini-games still need
tunning, which will require more player and test data. Additionally, there is also
the possibility of adding new mini-games for the existing aspects and adding
new aspects to further expand on the musicality topic.

While the implemented game is only a prototype we can conclude from the
feedback that we have received that the overall design and functionality are at
an acceptable stage. Based on the feedback received, we were able to achieve the
creation of a fun and aesthetically pleasing educational game. Also, even though
some additional tweaking is required, all the implemented mini-games work well
and contribute to the learning process of the player.
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5 Conclusion

We presented the design, development, challenges and evaluation of a game pro-
totype aimed at improving a players’ musicality. The game consists of mini-games
to improve three aspects of musicality: instrument recognition, tempo, and tone
recognition. These mini-games can be accessed through two different modes: A
story mode, where the players are presented with games at a difficulty that is
appropriate for them, and a challenge mode, where the player can pick an aspect,
choose specific mini-games and difficulties in order to obtain maximum score in
all of them. We used MIDI files, allowing us to quickly create and manipulate
complex musical compositions with a slight decrease in audio quality when com-
pared to acoustical or studio recordings. This is definitively a potential area for
improvement to incorporate high quality audio files as audio is on the forefront
of the game. Doing so will require solving new technical challenges, as we cannot
remove instruments from an audio file. Keeping file size in check will be one of
the bigger problems when increasing the number of compositions and games.
Furthermore there are still some more possibilities to apply gamification tech-
niques to, for example, encourage recurrent practice. Finally, since a person’s
musicality improves with practice over time and due to the short time frame
this prototype has been in development we were not able to test how success-
ful the game really was concerning the improvement of musicality. For further
insights, thorough user studies must be conducted separately for different player
groups. This should be one of the main concerns when moving forward with
the further development of this musicality game. We hope that carrying out
this more robust user study (by possibly examining different approaches for our
two testing groups) will provide insight into the “alignment” of feedback by two
groups. After such a study, we hope to determine if (i) the less musical group
agrees that by playing the game it is possible to gain musical intuition, and (ii)
the more musical group agrees that the game keeps them motivated to achieve
better results.
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Abstract. Interactive Narratives (INs), usually within games, have the possi-
bility to motivate users to change their attitude or behavior. The application of
INs in healthcare has already shown promising results as opposed to traditional
narratives. Yet, very little is known about the effect of each specific aspect of an
IN or how to create an effective IN. Using the recent IN-model of Green and
Jenkins, this paper explores the applicability of its constructs and exemplifies it
through a case study. In doing so, this paper looks at the challenges one runs
into when designing an IN. Subsequently it presents the way in which these
problems were tackled for the case study. This results in new ways to look at the
practical implications of Green and Jenkin’s model, thus helping future IN
designers and researchers to identify and avoid design pitfalls early. As gaps in
the literature are discovered throughout the paper, possible future research topics
are discussed.

Keywords: Interactive narrative � Behavior change �
Healthcare � Persuasion

1 Introduction

The last decennium highlights an increased interest in the possibilities of interactive
narrative (IN) for attitudinal change and persuasion [1–3], particularly in games. In INs,
the persuasive power of a story is combined with agency and autonomy; these two are
often seen as crucial in the behavior change process. Unlike a regular story, INs allow
users to determine how the story unfolds, often at key moments in the story.

To formalize the research conducted on the topic so far, Green and Jenkins have
proposed a theoretical model explaining the effects and possibilities of IN [1]. The
model describes how adding interaction changes the way that users experience the
narrative. For example, by increasing the amount of control users have on the flow of
the story, the narrative will, as a result, become less linear and structured.

While useful for designers, the model is very conceptual, which is –mostly– due to
a lack of empirical research. However, when designing an IN there are a lot of choices
that have to be made that can have a significant impact on the effectiveness, usability,
or perceived realism of the IN, which remain unmentioned in the current model.
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To help designers with these choices, we will discuss the design choices of an IN using
elements from Green and Jenkin’s model. In doing so, we aim to identify and define the
challenges involved in making an IN, whilst providing a vocabulary to discuss them.

The case presented in this paper aims to capitalize on the persuasive capabilities of
IN, which have shown promise in health behavior interventions [2, 3]. The goal for the
IN is to raise the awareness of, and lower the barrier for, improving and maintaining
one’s own mental and physical health. Specifically, this paper targets Dutch nurses in
healthcare, as research shows that they suffer greatly from both physical and mental
strain: 85% suffer from physical problems, such as back, neck, and shoulder pain [4],
with 23% being unable to work due to these symptoms. Over half of the nurses also
reported experiencing high psychosocial workload.

The excessive strain has led to high rates of sick-leave, short- and long-term, and a
strong dependency on mental healthcare and physiotherapy. Causes often reported for
these problems are: a high physical workload; time pressure; a lack of (qualified)
colleagues; and the perceived need to put the patient’s health before one’s own [4, 5].

Throughout this paper we will describe the design of the IN to help these health-
care professionals and describe other dimensions that have played a vital role in the
design of this IN. The paper will conclude with future plans for the developed IN and
its software, as well as summarize the lessons learned and how they relate to the model
of Green and Jenkins.

2 Background Literature

Green and Jenkins [1] describe in their model a set of effects that interact with one
another and influence aspects of the IN such as engagement, believability, and possible
persuasive capabilities. We briefly summarize their work here to provide the vocabu-
lary necessary to discuss the practical issues exemplified in the case study.

2.1 Narrative Immersion

Narrative Transportation. Amechanism of narrative persuasion [6, 7]. It describes the
feeling of being immersed in the underlying world of the narrative. Successful trans-
portation makes people more likely to alter their beliefs and attitudes due to experiencing
the narrative [8]. These changes are positively influenced by narrative processes: the
creation of vivid mental imagery [9], a reduction of counterarguing in users [9], and
through connections with the story’s characters (e.g. identification) [10–12].

Of these three processes, connecting with a story’s character is particularly relevant
for IN to provide a more enriching experience. Instead of passively taking in the story,
IN allows users to ‘become’ the main character and take an active role in the story. This
could heighten the impact of the story, increasing the persuasive effect [1, 13].
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Perceived Realism. Preventing the persuadee from forming counterarguments to
external claims is key for any persuasive endeavor [15], and providing a narrative
perceived as realistic is one way of doing so. Narrative transportation is also easier if
the user is not hampered in the construction of a mental model of the narrative’s world,
for which perceived realism is an important factor [16].

Perceived realism not only pertains to the content of the underlying world of the
narrative, which could be realistic or fantasy-driven, but also to the structure of a story.
Scenes need to be sequenced in a manner that is both understandable and at the very least
plausible in terms of consistency with regards to the overall narrative and the character’s
actions. As the structure in IN is more fluid, attention should be spent to maintain
coherent sequencing despite the emergent branching that occurs naturally in IN.

Processing Fluency. This effect describes the ease of use of the narrative, such as the
readability of the font, or relatability of the narrative to users. Likewise, for a narrative,
the writing style and word usage can influence the ease with which users can read and
process the narrative. A narrative that is relatable to users and is easy to process, helps
the narrative transportation process [17].

The interruptive nature of choice in IN could inhibit the processing fluency of the
narrative. However, Green and Jenkins argue that this has not been apparent in their
research so far [1, 14], and general theory on processing fluency would suggest that
liking the option to make a choice in a story remediates the interruptive effect it could
have [18].

2.2 Role of the Self

Going further into identification as a mechanism to support persuasion, the user’s ‘self’
can become involved in the narrative in several ways.

Self-perception and Motives. A narrative with relatable characters can strengthen
traits of both the user and an IN character, which can be used to reinforce behavior
relating to those traits (e.g. healthy or responsible behavior) [19]. IN also allows the
user to become inspired by what they could or want to be (i.e. their possible future
selves), by exploring and experimenting with characters that portray such traits [20].
This has been shown to improve health behaviors [21].

Ideally, in health interventions, an IN stimulates users to make choices while
referencing to their self (i.e. thinking about similar situations they encounter in their
own life). Doing so can make the consequences of the actions chosen have more
impact, as the user’s self is closely involved [22].

Responsibility. In contrast to a traditional narrative, the interactive nature of an IN
makes users largely responsible for the fate of the characters. This responsibility may
lead to a conscious reflection on their actions and the consequences; this also increases
the meaning attributed to a character’s actions as they now reflect the user’s.
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In the domain of health care, appealing to internal attributions of responsibility has
already been found as a method for behavior and attitudinal change [23, 24]. The
feeling of control or agency found in IN appeals to the sense of responsibility of users
and, initial research shows, can change the behavior or attitude of users [14, 25].

Participatory Responses. Although users cannot intervene or participate in a tradi-
tional story, users do psychologically react to a story’s events (i.e. as if they were there)
[26]. These participatory responses (p-responses) affect how users recall and feel about
situations in which such a response has taken place [26].

Green and Jenkins posit that IN allows for users to act on their p-response, allowing
a more engaging experience. However, it could also backfire as users may feel
restricted by the responses provided by the IN, which could cause frustration (i.e. the
response they would like to give is not a selectable option).

2.3 Individual Differences

The personal characteristics of the user have a crucial impact on their perception and
interpretation of what happens in an IN. Four particularly relevant aspects are:

Need for Cognition. Individuals have differing preferences when it comes to the
amount of effort they find enjoyable in their leisure activities [27, 28]. Studies show
that INs are considered cognitively effortful to read through [14, 29], highlighting a
possible limitation on the amount of people for whom an IN would be a fitting solution
(as opposed to film or a traditional narrative).

Transportability. For traditional narratives, the tendency for narrative transportation
to occur differs from person to person [30]. There’s currently no empirical research on
the effect on the transportation capabilities of IN. Green and Jenkins posit that there is
little difference between how it affects INs and how it affects traditional narratives.

Need for Control. A high need for control describes people who like to take active
control, whereas a low need describes people who find such control cumbersome.
Similar to need for cognition, IN could be more engaging for people who prefer
control, as they have control over the development of the story.

Comfort with Technology. Whereas a book only requires one to flip from page to
page, IN requires more complex interaction. Being uncomfortable with such interac-
tivity due to its complexity could negatively affect the impact IN can have.

3 Designing an Interactive Narrative

3.1 Purpose and Topic of the IN

The goal of this project is to design an IN to raise nurses’ awareness about their own
well-being. The IN also functions as a persuasive call-to-action, as it provides the
means to act on this new-found awareness straight after the story ends. Ultimately, this
empowers the nurses to maintain their own physical and mental well-being. One of the
skills/competences deemed necessary for a nurse to maintain one’s well-being is being
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able to ‘provide constructive feedback’ (based on competence documents of healthcare
institutions and through discourse with two subject-matter experts (SMEs) [31])1.

3.2 The Reasoning for IN

One’s working behavior is not something that is constantly self-monitored, nor cor-
rected. Thus, it is easy for unhealthy behavior to remain uncorrected or unnoticed until
the consequences of said behavior emerge. IN allows its users the opportunity to not
only learn more about situations they find challenging, but also to make users aware of
the more subconscious choices involved in such situations.

Narrative transportation involves the user more in the situation. This is com-
pounded by the nature of IN, which allows users to determine the way the story
unfolds. Combined, these two factors help in making the consequences in the story
more impactful as well as increase the relevancy of the feedback that is provided after
the story.

Lastly, the real-life situations presented through IN tie the contents to the real-life
context, making it easier to understand why certain knowledge is relevant and useful.
Note that this reasoning is not exhaustive, as the scope of the paper is to discuss the
design of the IN.

3.3 Narrative Structure and Level of Control

The most impactful element outlined in Green and Jenkins’ model [1] (and elaborated
upon in [2]) is the interplay between the amount of structure of the story and the
amount of control users have in determining how the story unfolds.

The choice in balance for this interplay will determine what functionality the
software needs and whether using something simple, like multiple-choice options for
user interaction, are enough, or whether something more elaborate is required.

Elements such as the target audience’s need for cognition, need for control, and
comfort with technology also influence this choice. In our case, the age range of the
target audience: broad, with varying levels of comfort with technology, and the amount
of time available to read our INs is limited, presuppose a simple and intuitive
interaction.

Aside from the user’s perspective, there is the core question: “what is the goal that
the IN is supposed to achieve?”. For our case, the system behind the IN needs to
acquire enough information of the user by the end of the story to be able to give proper
feedback and advice. We need enough data points to show the competence of the user
in different aspects of the to-be-measured skill.

In conclusion, our resources and constraints allowed little control to be in the hands
of users. This led to a narrative structure that is mostly the same in terms of situations,
but what can happen within those situations can differ due to choices made earlier in

1 Both experts are from the healthcare sector, specifically from ergonomics and rehabilitation. One is
specialized in healthcare ergonomics and communication in healthcare institutes, the other focuses
on rehabilitation of nurses. Both also focus on the prevention of excessive mental and physical
workload.
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the story. This is an option to us, as users are unlikely to re-read the story and make
different choices, as they have limited time and have already gained their personal
feedback. Re-reading the story would give away the limited impact of the choices
themselves, thus diminishing the transportability and sense of responsibility.

3.4 Interaction and Choice Design

Determining the most suitable type of interaction within the IN is strongly influenced
by the same factors as the level of control; this is not surprising, as the amount of
possible interaction is directly tied to the level of control. Even if we choose to limit the
interaction to pivotal moments, there are still a lot of questions that need to be
answered. These questions have proven to be difficult to answer through literature, even
though they are vital for the success of an IN. We have identified several factors for
each of these questions that have helped us in determining the answers to these
questions.

What Do You Give the User a Choice in?

Types of Choices. The types of choices in an IN determine the way in which the user
can exert influence over the story. Are the choice-options for example always action-
oriented (e.g. go to x or do y) or more dialogue and text-focused (i.e. how you say
something)? Depending on the type, you can focus on different aspects of a story, for
example, a focus on dialogue emphasizes the relationships between characters.

For this case, the type of situations we want to give users a choice in relate to the
competence we want to asses and raise awareness for. Thus, it requires us to break that
competence down into its components. Doing so helps us identify the most important
parts of the skill and how they can be measured: it gives a lens through which we can
create a story about giving feedback. For example, in our IN, the first interaction
moment is the initial reaction to seeing someone make a mistake: do you react
immediately, or do you wait for the right moment? A more formalized way to create
these interaction moments is through a (cognitive) task analysis.

Specificity. A measure involved in choosing these interaction moments is the speci-
ficity of the situation you allow users to interact in. The more specific a moment of
choice is, the smaller the difference is between the choice-options. For our case, the
component that is being assessed in a situation dictates this specificity: if the com-
ponent is ‘phrasing a negative message’, the choice-options are limited to differently
phrased pieces of feedback (i.e. a high level of specificity). However, a component such
as ‘timing of the message’ is much more open-ended, and the choice-options reflect this
by allowing users to, for example, decide to provide feedback much later.

When Do You Give the User a Choice?

Amount of Moments. The amount of choice-moments directly ties into the amount of
perceived control, given that each choice-moment has relevance (i.e. not doing
something inconsequential). The more moments that the user can influence the out-
come of the story, the more it, or its designer, has to be able to manage the
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consequences. More choices also mean a higher demand on the cognition of the user,
who has to reflect more often to determine the most preferable answer in a given
situation.

Expectations. Humans are prone to create expectations, meaning that users will
expect to be able to exert control in a situation similar to previous interactions. Thus,
the types of moments in which they have to interact is best left consistent. Not being
able to do so could lead to situations of frustration and a break in narrative
transportation.

In our case, the competence giving constructive feedback was discussed with SMEs
to determine common situations, conflicts, and errors made in the real-life work
environment to use in the IN. The discussion gave us an overarching story: the pro-
tagonist is asked by one of her colleagues to help her out with a lifting procedure for a
patient. The protagonist sees her colleague take the wrong stance and the story unfolds
from there, eventually leading to a discussion during a team meeting.

Using the earlier identified story components as a lens, we can analyze these real-
life examples to see when each component is most prominent, allowing us to build the
IN from these moments. Ultimately, this helps us determine what types of situations
users should get control over, something for which there is no empirical research so far
(i.e. in a story, when do you give the user an option to interact?).

What Makes a Good Choice?

Choice Fidelity. As a traditional IN allows interaction only to take place through
textual choices and actions, the types of possible choices and actions are limited to
what words can convey. In choosing the type of interaction for a given situation, a
balance must be struck between the expectations of a user when reading a given action
and the to-be-expected consequences of said action.

During an early testing session of our IN, we had a situation in which one of the
options was to give non-verbal cues as feedback (as means of giving feedback that is
not noticed by the patient). Some of the participants showed signs of confusion after
choosing the non-verbal option and stated that they expected it to go differently.

The issue here was that, even though the specific cues were described in detail, the
execution of those cues was interpreted differently by these users. This raises an
interesting point: the fidelity of the choice is limited by the medium with which it is
conveyed and the breadth of interpretations possible. In this specific situation, the non-
verbal cues were not shown to users through imagery, but through text. This requires
users to mentally envision how the action would play out, which they will do from their
own perspective, as they are portraying their own self on the protagonist. In the end this
leads to an erroneous interpretation, as body language and non-verbal cues are too
personal to generalize into one choice-option. Successfully using body language as a
choice-option would have required a different fidelity in its representation.

To summarize: to promote transportation and identification, it is important that the
fidelity of a choice-option aligns with the action of the choice-option. The more dis-
tance between the two, as seen in the example above, the greater the risk of erroneous
interpretation and the possibility of a break in narrative transportation. As an example
of aligned fidelity, choosing what the protagonist will say is less open to different
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executions. As such it does not lead to misinterpretation due to fidelity (although the
outcomes may still be different than expected).

Identification. In theory, a real-life situation has a near infinite amount of possible
actions. In an IN, it is impossible, and probably ill-advised, to show all these possible
actions. Ideally, one filters through the entire scope of possible actions and selects a
subset which allows users to always have a choice-option they can identify with. Being
able to identify with one’s choices is an important part of being transported into the
narrative, as it allows users to relate with the protagonist and become more involved in
the narrative itself. In terms of Green and Jenkin’s model, this could be described as
aiming for at least one of the choices for a situation to be the participatory response of
users. In turn, this stimulates users to portray their own self in their choices.

Right or Wrong? When writing an interactive narrative, it is easy to lose track of the
fact that users will determine the story. Especially when a story has an ulterior motive
such as persuading its users, raising awareness, or assessing its users (as is the case
here). In doing so, one runs the risk of thinking mostly through the lens of the ‘right
way’, making it hard to create reasonable choice options that go differently. Early on in
our design we fell into this trap: we focused too much on gathering data about ‘right’
and ‘wrong’ choices. As may be expected, life is hardly, if ever, so black and white. As
such, the focus of our IN, with the goal of assessing a competence, came down to
creating a narrative that allows users to show his or her working behavior as accurately
as possible within the boundaries of the medium. This no longer forced us to think in
terms of a multiple-choice test and provided a clear focus on providing realistic choices
first and determining what they mean for our assessment second.

Thus, narrative transportation stimulating choices had to fit the following criteria:

• Make sure there is no clear right or wrong choice-option, i.e. each choice-option
should be a realistically possible and plausible option;

• Every situation should have a choice-option that generally meets the participatory
response of users;

• The choice-options should be aligned with the choice fidelity, i.e. users should
clearly know how the protagonist will execute each choice-option;

• The reactions of other characters to the user’s choices should be consistent and fit
within the setting of your narrative (discussed below).

Note that this is not an exhaustive list of criteria for creating choice-options.
Aspects such as using the right terminology and matching the language use of your
setting are also essential, as well as processing fluency in general.

How Many Choice-Options Per Situation?
The number of choice-options is closely related to the earlier mentioned identifi-

cation and realism discussed in the right or wrong? section. Identification strongly
impacts the amount of options a situation can have while still maintaining that each
option matches someone’s participatory response. This would mean that, ideally, even
the most personal participatory response is included to always attain identification.
Understandably, this is unattainable, as the processing fluency of the IN prevents one
from doing so. Adding more choice-options not only increases the amount of reading, it
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also increases the amount of consequences users have to envision and analyze.
Although there is no empirical research on the consequences of too many choice-
options, one can reason that adding options should be done sparingly and under great
scrutiny. For our case, we ended up with, on average, four options per situation, with
some situations being yes/no questions. Granted, there is little knowledge on what is
optimal for this design choice.

3.5 Realism

For our case, it is essential that our options are realistic given the professional context
of the nurses, as there are pre-existing conventions to providing feedback (e.g. giving
colleague-to-colleague feedback in front of a patient is seen as rude). Aside from the
options themselves, the story should be able to occur as it would in real-life (the story
being: identifying a common problem and broadening the feedback to target the whole
team instead of one individual). Within these constraints, the goal is to achieve the
perception of realism: users feel in control and feel that the story is realistic. This is
important to acknowledge, as there is a lot one can get away with while upholding this
perception of realism. Below we describe a few practical aspects of maintaining this
sense of realism.

Clarity of Consequences. In line with choice fidelity and interpretations, aligning the
fidelity with the choice-options is only the first step. Even purely text-based, the choice-
options should provide users with a sense of how the protagonist will act, how the other
parties involved will (probably) react, and whether that fits with their perception of self
(i.e. how they themselves would react). Essentially, if users cannot reason about the
way other characters of the story will react, there will be a disconnect with the sense of
responsibility of the user, as users can no longer control the fate of the protagonist or
others (to a degree that achieves a perception of control).

This constraint demands of the designer to make sure that other characters are
consistent in their behavior and that consequences and reactions maintain a sense of
plausibility. In doing so one also has to strike a balance between matching the con-
sequences that the users expect and providing impactful consequences that make a
story interesting. For our case, it is important that users are confronted with the con-
sequences of not providing feedback at all or providing it in a very crude manner.

Playtesting. An important step worth mentioning is the importance of testing the IN
with the target audience. Throughout our design process, we have consulted people
from the target audience to read through the story and comment on the choice-options,
reactions, and general perception of realism and control. Multiple cycles, involving
user evaluations, were necessary to achieve realism in the choice-options.

4 Conclusion and Discussion

In this case study, several practical design questions surrounding IN have been
explored first hand and their design choices (i.e. answers) discussed. The aim was not
to provide a definitive answer to these questions, but to link Green and Jenkin’s model
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to these questions and identify any unexplained constructs that emerged (such as choice
fidelity).

In doing so, we have made a next step in the formalization of the design process of
an IN. The vocabulary provided through this case study hopefully lends itself well to
designers and researchers of INs, further maturing and stimulating the design of, and
discussion about, IN as a tool for learning and supporting long-term behavior change.

Although there is still limited empirical research into the working elements of IN in
the context of behavior change, we believe that understanding the intricacies involved
in designing one is a crucial step in understanding why, or when, an IN is effective.

The case outlined in this paper is currently being tested on its effectiveness in
raising awareness and changing health-related intentions of behavior in its users. With
its results we hope to shed some first empirical light on the aspects discussed in this
paper.
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Abstract. This working paper investigates the question of changing people
mobility towards more sustainable habits involving them in an engaging
gameplay. The work is performed within MUV H2020 research and innovation
action. The game design, definition and features have been co-created through
the involvement of different citizens and stakeholders in six European neigh-
bourhoods. The paper discusses the game design as resulting from co-creation
and co-design experiences with each neighbourhood communities involved in
initial phases. The paper argues that the local co-design activities have influ-
enced the game definition, together with the community engagement approach.
The MUV gameplay approach results thus a demand-side measure able to
encouraging people to sustainable mobility modes in the awareness of their
potential role as agents of urban livability. The data collected by the players will
be used to support a citizen-centric approach to facilitate equity and mobility
justice in urban policies.

Keywords: Gamification � Urban sustainable mobility �
Community engagement � Co-creation

1 Introduction

1.1 Urban Mobility: Supply-Side and Demand-Side Measures

How is it possible to realise more sustainable cities in an era of zero resources, rife
social conflicts and unprecedented environmental issues? When it comes to discussions
about urban sustainability, the focus is usually on the role of new technologies to
improve the human habitat conditions. The general attempt is to innovate, in many
different ways, the ‘city hardware’ or, in terms of sustainable urban mobility [1], to
implement ‘supply-side measures’.

However, this approach to urban mobility is very often proven hard to implement
due to the lack of tools to value meaningful data in view of effective sustainable
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mobility infrastructures, the time and economy needed for designing and developing
those measures and to realise them in a time of rapidly aging technologies with high
uncertainty of their actual positive impact.

This paper explores another angle that we call here “demand-side measures” to
sustainable urban mobility. This alternative approach aims to a citizen-centric
methodology focused on needs and new services, policies and solutions enabled
through digital tools and gameplay development potentials. The research presented in
this paper derives to a specific approach to gameplay as a means to involve people to
“move” and to interact in their neighbourhood and city in a more active and sustainable
way. The paper highlights the gameplay potential as a demand-side measure to
effectively contribute to a urban mobility transition towards more sustainable cities also
through digital technologies [2]. The paper elaborates from the research carried out in
the context of “MUV – Mobility Urban Values” project [3], funded in 2017 by the
European Commission under the call Horizon 2020 “Mobility for Growth”. The
research consortium consists of fourteen partners from eight countries and the action-
research is piloted in six different neighbourhoods: Buitenveldert in Amsterdam, Sant
Andreu in Barcelona, the old town of Fundão, Muide-Meulestede in Ghent, the new
area of Jätkäsaari in Helsinki and Palermo Old Town.

1.2 Gamification and Urban Mobility

«Playing a game is the voluntary attempt to overcome unnecessary obstacles» stated
philosopher Bernard Suits in his famous book “The Grasshopper: Games, Life and
Utopia” [4]. Moving around the city in a more active and sustainable way - as walking
or cycling or by public transport - means breaking a circle of solid routines that require
valid reasons for people to change and do not give an immediate result to their action or
effort in terms of gratification so that for many people it is really not considered
necessary.

Nevertheless, according to Bernard Suits’s quote, this is the perfect premise to
design an engaging gameplay. Examples as digital services such as Empower [5],
Sweatcoin [6], WeCity [7], RingRing [8] or TrafficO2 [9], are basically mobile
applications empowered by a game dynamic to stimulate users to commute in a more
sustainable way. Activity recognition algorithms implemented by the mobile operating
systems detect how people move and offer motivational rewarding to those who choose
less polluting mobility systems.

The assumptions of these digital services are that by playing games, people for
every trip on foot, by bicycle, by public transportation or by car-pooling systems, gain
a certain amount of points. Points allow players to get rewarded. The data produced and
collected through these services can have an impact on improving active mobility [10]
and support data-driven approaches, such as evidence-based decision making, for
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mobility policies [11]. Experiences of this kind have been carried out in several con-
texts. TrafficO2

1 [9] has represented an important base for “MUV – Mobility Urban
Values” research.

The interesting result from TrafficO2 was that through a mobile app, almost 2,000
University students of Palermo (Italy) were engaged as testers of a game developed and
tested in four different cycles (from 2013 to 2015), that has showed for active players
an average CO2 pollution reduction of 54% [12]. About 100 local businesses were
involved as sponsors, with a total commercial value of product giveaways of €10,000.
The game, during the four testing phases, different motivational strategies have been
experimented and mixed within the game design:

(A) Social Motivation, through a leaderboard with all the students;
(B) Monetary Rewards, through the product giveaways from the sponsors;
(C) Intrinsic Benefits, mainly through the game narrative.

By interviewing active users, it was assessed that the gameplay successful strategies
have been to not simply providing free gifts (B) to the highest ranked players, but rather
engaging users as drivers and agents of the cultural change in their city (A) and, at the
same time, provide an achievable personal challenge (C) which players can recognize
individually. Such feedback has also been demonstrated valid by the data gathered
during the last testing phase, when monetary rewards were completely removed.
Despite the drop of students involved (from 342 and 161 active, to 65 and 46 active),
the average results are easily comparable with those of previous experimentations.

TrafficO2 main lesson has highlighted how this kind of mobility demand-side
measures should not rely only on extrinsic incentives but, to become more effective,
they might develop new motivational strategies to trigger intrinsic rewards.

2 MUV Action-Research Project

2.1 The Local Ecosystem Change: Citizens, Businesses and Authorities

These learning aspects of the use of gamification as a derived from TrafficO2 in view of
mobility demand-side measures have been elaborated further in the context of MUV
[3], an innovative research action aimed to improve urban mobility at the neighbour-
hood level. Starting from an extensive network of cities and expertises on gamification,
co-creation and open innovation, this EU project tries to address sustainable and active
mobility by involving six neighbourhood communities (Table 1) and their challenges.

This paper elaborates into the co-design of self-rewarding game dynamics as an
empowering tool able to develop wider interaction among citizens, local businesses and
public authorities and to address new sustainable and active lifestyles [13].

The MUV gameplay model aspires to become scalable with an impact wider than
the limited niche in which the service is actually enabled [14].

1 TrafficO2 was an action-research project, co-funded in 2012 through the call “Smart Cities and
Communities and Social Innovation” promoted by the Italian Education, University and Research
Ministry.
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2.2 MUV Roles: An Infrastructure to Co-create Value

In order to create a valuable synergy among the actors involved, MUV develops a
mobile activity-based game here described as a sporty narrative: 1. citizens are engaged
and involved as “athletes” (or MUVers) and get rewarded for their results of travelling
on sustainable mobility through the city/neighbourhood (walking, cycling, public
transit and car sharing); 2. local business owners act as “sponsors” and get data about
their customers and through marketing campaigns; 3. public authorities act as “moti-
vators”, get data and insights about active and sustainable mobility behaviours and
involve citizens in data-driven processes for co-creation of mobility policies.

This approach aims at defining a space where all the different actors can find their
own value rationality about urban mobility (conscious behaviours, data, rewards,
policies, creativity). Through gameplay, citizens, local businesses and public authori-
ties engage and interact as diverse part of the community of place and neighbourhood
identity improving the urban liveability. The game premise aims to create the potential
infrastructure that supports the value creation process with local communities during
MUV co-design process.

The sport metaphor serves to guide the horizon of MUV values (e.g. being active,
sustainable and happy) to become accessible to common understandings and non-
expert interpretations during co-creation processes as sport practices are carriers of
values (e.g. fairness, team-building, equality, inclusion, respect, perseverance, healthy
lifestyle, ambitions) to foster people’s intrinsic benefits [15] and self-rewarding
experiences in gameplay dynamics [16].

Table 1. City/Neighbourhoods/Challenges.

City Neighbourhood Mobility challenge highlighted by pilot managers

Amsterdam Buitenveldert Noise, pollution, traffic safety and more active mobility
for elderly people

Barcelona Sant Andreu Decrease the use of private transport
Fundão Old Town Traffic jams in the working days
Ghent Muide/Meulestede Decrease the use of private transport amongst the non-

Belgian communities
Helsinki Jätkäsaari A contemporary urban identity to propose in this new

neighbourhood, with more sustainable and active
mobility lifestyle and values

Palermo Old Town Traffic jams, illegal parking, noise and air pollution
especially at night
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3 Shaping MUV Game: Results from the First Phase
of the Co-creation and Co-design Methodology

3.1 Community Engagement and Self-rewarding Activities Insights

Community engagement in MUV has been inspired fundamentally by the work on
public participation in planning and design studies and by Nabatchi and Leighninger’s
framework of citizen participation [17]. MUV methodology develops through diverse
cycles of thick participation (involving groups of citizens) and thin participation (in-
volving citizens as individuals).

MUV participatory method has been elaborated through diverse phases based on
diverse cycles of co-creation (process-oriented) and co-design (solution-oriented).

Elaborating from an action-research approach [18], three different phases of co-
design and co-creation activities have been planned in each city. Three co-creation
iterations will take different shapes and forms in the six pilot neighbourhoods; the co-
design phases aim to deliver comparable outputs, and will shape MUV gameplay
features and dynamics:

• Phase 1 - co-design of general game features as linked to mobility issues;
• Phase 2 - co-design of specific game features and physical touch-points (e.g.

monitoring stations) linked to the service system;
• Phase 3 - co-design of game features linked to generate data for enhancing future

sustainable mobility policies.

For each pilot neighbourhood, MUV methodology has been developed around local
stakeholders’ engagement according to diverse communities of belonging: to the
community of place (people living, working, frequenting the area), the community of
practice (people working in local transport companies and authorities) and the com-
munity of interest (people that have economic, social, cultural interest in the neigh-
bourhood) have been involved.

The first co-creation iteration was carried out from December 2017 to February
2018. About 130 participants among the six local communities attended the diverse
participatory activities that have refined the MUV methodology for co-creation and co-
design and the diverse tool-kits use. Among the different activities carried out in the six
cities, workshops aimed at co-designing some of the game focuses have been structured
according to new ways to interact with the topic of sustainable and active urban
mobility adopting a playful approach (both physically and virtually). Through group
activities, such as exercises and games, inputs were collected from each pilot neigh-
bourhood, then outlined on special models and made available to R&D managers to be
converted into game elements and app requirements.

Despite the different contexts, results show similar issues as related to personal
mobility tracking issues and local mass transportation availability. As inspired by Jane
McGonigal [19] categorization of self-rewarding (autolethic) experiences, game
focuses have been addressed by clustering responses and insights from each MUV
neighbourhood (Table 2) to: I - do a satisfying work; II - be successful; III - have social
connections; IV - find meaning.
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Table 2 shows that the mobility challenges in each neighbourhood under a
framework of self-rewarding experiences can address specifically: (i) game focuses at
the interface between the diverse problems at hand; (ii) the value of the playful
experience to lever individual behaviour (e.g. personal reputation, identity building and
antidote to frustrations), social practices (connectedness, community commitment,
sense of community) and urban systems (safety and reliability).

3.2 MUV Game General Features

In MUV local co-design activities influence the game focuses, but also the game
features. As inspired by Jane McGonigal [19] an important elaboration of these game
features depend from issues as: Goal, Rules, Real-Time Feedback, Voluntary partici-
pation (Table 3).

3.3 MUV New Dramatic Elements

Game insights have contributed to enriching the game modes as well as the interactions
between the actors (both in and outside the game):

• MUV players, MUVers, have a real (achievable) sports career to cope;
• public authorities, from “motivators”, have become MUVers’ personal trainers;
• local business owners and supporting organizations will sponsor individual

MUVers and their teams.

The MUV Experience. The MUV game experience has been designed around the
four above-mentioned intrinsic motivation categories (do satisfying work, be suc-
cessful, have social connections, find meaning). By playing the game, the player

Table 2. Neighbourhoods/Game focuses/Self-rewarding experiences.

Neighbourhood
(city)

Game focuses Self-rewarding
experience
I II III IV

Buitenveldert
(Amsterdam)

Encourage social connectedness to be safer X

Sant Andreu
(Barcelona)

Enhance individual personal reputation X X

Old Town
(Fundão)

Set common goals and improve the
community commitment to change

X X

Muide/Meulestede
(Ghent)

Allow projecting a different personal identity X X

Jätkäsaari
(Helsinki)

Build the sense of community X X

Old Town
(Palermo)

Provide an extensive playful experience to
avoid frustrations

X X
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Table 3. Game features/Links to local co-design sessions.

Game features Links to local co-design sessions Self-rewarding
experience
I II III IV

Goal
Goal of the MUVers (the MUV
players) is to gather points and
coins

“Coins” are the currency of the
game. They allow players to
access some game experiences
and customizations. They do not
depend directly on mobility
behaviours as such but could be
earned also by participating in
community (physical) meetings
and events

X

Rules
MUVers score points via the app
by moving sustainably: by
walking they will have the
maximum evaluation in points
for the distance travelled, then
by biking, then by using mass
transportation systems and
finally by private-vehicle
pooling
When players move together (by
walking, by biking, by using
mass transportation systems)
they receive extra points

“Move together” has incentives
linked to social interactions and
improves traffic safety

X X

Weather and traffic conditions
might influence points
attribution

“Weather and traffic conditions”
work as points multipliers and
they are designed t to address
punctually local mobility issues
and improve equity through the
extra effort to reach common
goals

X X X

MUVers earn coins by
completing Training Sessions

“Training sessions” are mobility
tasks to be accomplished. This
game feature is co-designed
locally by the community. Only
by completing training sessions
players can level-up. Training
sessions aim to foster local
interactions in defining common
goals

X X X X

(continued)
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Table 3. (continued)

Game features Links to local co-design sessions Self-rewarding
experience
I II III IV

Coins can also be earned by
achieving given Tournaments
goals. To do that, players need
to use the MUV mobile app
and/or participate in specific
community events

“Tournaments” are game
features to be played as massive
multiplayer, multiplayer and
individually. Each game features
has different characteristics that
aim to enhance the sense of
community and individual social
benefits

X X X X

Real-time feedback system
Points collection is rewarded via
the real-time improvement of
individual and local community
statistics…

MUV’s core game features aim
to co-create a community
capacity of making cities
healthier, this aim can include
explicit players’ “Stats” and
MUV’s “Cities’ profile” where
CO2 equivalent emission are
highlighted

X X X

…and the power index “Power index” addresses the
personal reputation and the
social benefits
Evaluates a player for his ability
to play MUV and it’s defined as
the percentile rank of the score
obtained by the user in a given
time period within the group of
scores obtained by all users in the
same period
It’s meant to push

X X

Tournaments and training
sessions achievements are
rewarded via the app with coins,
Levels of Experience (LoE)…

“Levels of experience” are a
measure of the volume of
activity conducted by players
and represent career steps:
Newbie, Rookie, Pro, Star
Only by scaling up the various
LoEs players can experience all
the game modes

X X X

…virtual badges, avatar
customizations and discounts &
gifts

“Virtual badges, avatar
customizations” are co-designed
with the local community
This enhances the sense of the
local ownership and allows also
to push the sports metaphor into
defining a completely new virtual
world

X X

(continued)
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collects points that will allow him/her to level up and gain access to new auto-
rewarding game scenarios.

Like every career in sport, the experience of being a MUVer starts with tough
trainings and ends with legendary triumphs. For this reason, at the very beginning,
MUVers have to train to be ready to represent their cities at the city competition. By
completing individual “Training Sessions”, they learn how to play and how to measure
their potential.

The second step will allow MUVers to be visible to the whole MUV international
community by playing the “City Tournament”. By playing together with their cities’
community, MUVers can be recognized for their individual performance. But only by
completing new additional Training Sessions, MUVers can jump to the next level.

The third step turns MUVers into professional players. Those who have achieved
their individual goals are asked to join new teams, managed by sponsors, to play (in
addition to the City Tournament) a new restricted tournament: the “Team Tournament”.
If they win with their teams they get rewarded with goods and services provided by the
sponsors themselves. Again, only by selecting and finalizing more challenging
Training Sessions MUVers can reach the final step.

The last phase of the MUVers’ journey happens when they become international
stars. They reach this point only when they achieved the most ambitious goals and
demonstrated an outstanding impact in terms of sustainable mobility. At this moment,
they are asked to join the “Stars Tournament”, which consists of individual

Table 3. (continued)

Game features Links to local co-design sessions Self-rewarding
experience
I II III IV

To enhance the performance,
Monitoring Stations
communicate weather, traffic
and game info through the app
and physically, once players
pass nearby them, also visual
feedback and cheerful sounds

“Monitoring stations” are
physical devices located within
the pilot neighbourhoods and
hosted by the community of
interest
They represent a physical
interface for MUVers that allows
them to have useful information
to improve their performances
(like weather, air quality, traffic
conditions) and actively interact
with the community of interest

X X

Voluntary participation
The only way MUVers can play
via the app is to press a button
when they are starting to move
in a sustainable way and then
press it again when they stop

“Press a button” action allows at
the same time the voluntary
participation and the voluntary
GPS tracking, coping the
concerns of being tracked
constantly

X
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tournaments at an international scale. By playing in the Stars Tournament, they are
individually sponsored and they can reach an international fame.

4 Conclusions and Future Work

The first release of the MUV game (Fig. 1) has been launched in the six neighbour-
hoods during the European Sustainable Mobility Week (16–21 September 2018)
through site-specific events. Moreover, during the CIVITAS annual congress (Umea,
Sweden, 18–20 September 2018) an open call to select six new cities to join the project
has been launched. The evaluation of MUV gameplay will be subject of further
investigation in the coming months. Updates on MUV impact will be published on the
MUV website and disseminated via the project newsletter [3].
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Abstract. Behavior change is a topic that is of great interest to many people.
People can use apps to exercise more, eat healthier, or learn a new skill, but and
digital interventions and games are also used by policy makers and companies to
create a safe environment for the general public or to increase sales. Given this
interest in behavior change, it is not surprising that this topic has seen a lot of
interest from the scientific community. This has resulted in a wide range of
theories and techniques to bring about behavior change. However, maintaining
behavior change is rarely addressed, and as a result poorly understood. In this
paper, we take a first step in the design of digital interventions for long-term
behavior change by placing a range of behavior change techniques on a long-
term behavior change timeline.

Keywords: Behavior change � Long-term effects � Behavior change techniques

1 Introduction

Behavior change is a topic that is of great interest to a wide audience: policy makers
aim to encourage the public to exhibit behavior that results in a safe and comfortable
environment, companies aim to have consumers buy their products, and many indi-
viduals use digital applications or games to change their own behavior by exercising
more, eating a healthier diet, or ridding themselves of a bad habit. Given this interest in
behavior change, it is not surprising that this topic has seen a lot of interest from the
scientific community. This has resulted in a wide range of useful theories and tech-
niques that are effective in bringing about behavior change [12, 14, 35].

However, many behavior change theories only consider the initial change of
behavior and do not address the issue of maintaining behavior change. As a result,
long-term behavior change is rarely achieved [18]. This is particularly unfortunate as
common behavior change goals such as eating healthier, exercising more, or quitting
smoking are intended to be long-term behavior changes.

In this paper, we take a first step towards a formalization for long-term behavior
change interventions by taking a closer look at a number of behavior change tech-
niques, particularly those that are used or that can be used in digital applications or
games, and placing them on a long-term behavior change timeline. The goal of this
timeline is to provide a clear picture of what behavior change techniques are most
effective at different points in the behavior change process.
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We discuss a number of behavior change techniques listed in the behavior change
technique (BCT) taxonomy v1 [23]. These behavior change techniques differ in the
way they approach behavior change by targeting different determinants of behavior.
Across many theories on behavior, there appears to be a consensus that there are three
main determinants of behavior; in this paper, we use the COM-B model of [22] and
refer to these three determinants as motivation, capability, and opportunity. In Sects. 2,
3, and 4, we discuss the motivation, capability, and opportunity determinants of
behavior, respectively, and discuss some of the behavior change techniques that target
these determinants. In Sect. 5, we discuss our findings in the light of long-term
behavior change, and place behavior change techniques on an intervention timeline.
Finally, Sect. 6 concludes our paper and provides direction for future research.

2 Motivation

In the COM-B model [22], motivation is the total inclination of a user to engage in the
target behavior. This includes voluntary considerations based on intrinsic motivators
such as a sense of pleasure, achievement, or discovery, as well as extrinsic motivators
such as monetary reward, verbal praise, or social recognition. In addition, motivation
also includes involuntary processes that change the likelihood to perform the target
behavior, such as habits, addiction, and emotional responses. However, although habits
are explicitly included in the motivation determinant of behavior, we will delay dis-
cussion of habits until Sect. 4 on the opportunity determinant of behavior (Table 1).

One of the reasons why people may fail to change their behavior is a lack of
motivation. Perhaps the most obvious solution to this problem is to incentivize these
people with additional (extrinsic) motivation in the form of rewards. Gamification
elements such as points and achievements, but also likes on user-created content can be
rewarding. Rewards even effect behavior change in people who do not receive the

Table 1. Summary of behavior change techniques through motivation considered in Sect. 2.

Technique Effects

Extrinsic rewards + Can reduce costs of behavior change [7]
− Low rewards may be counter-productive [13]
− Effective rewards can have addictive properties [16]

Persuasive information + Social comparison can increase motivation [25]
+ Vicarious experiences can increase motivation [21]

Fear appeal + Effective in many cases [33]
− May be counterproductive for low self-efficacy users [15]

Punishment + Effective in reducing bad habits [1]
− Limited effectiveness as a deterrence [19]
− Concrete punishment may make bad behavior acceptable [11]

Social pressure + Monitoring by others increases adherence [24]
Long-term effects − Motivators lose effectiveness over time
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reward themselves; Ma et al. [21] show that children that observed peers who were
rewarded for their honesty were more likely to be honest than those that observed
honest peers that were not rewarded.

Social factors can also play a significant role in motivating behavior change in
general. Nolan et al. [25] experimented with different energy conservation messages
and found that Californians conserved more energy when they were told that their
neighbors did so, even though respondents rated such normative information as the
least motivating. Even the sense of being watched by others can affect motivation.
Nettle et al. [24] show that participants were more likely to donate in the Dictator Game
when a poster with a pair of eyes was present in the experimentation room.

While rewards may increase motivation, the use of rewards does not guarantee a
beneficial effect. There are cases in which extrinsic rewards may actually suppress
intrinsic motivation to perform a task. Heyman and Ariely [13] report on an experiment
in which participants that were paid a low amount of money to perform a task put in
less effort than those that were not paid at all. In addition, Kim and Werbach [16] argue
that particularly strong gamified incentives can have addictive properties and unin-
tentionally lead to physical or psychological harm to the user.

Extrinsic motivators can also be used to generate a positive association with the
target behavior. For example, many medical treatments are boring to perform or have
negative side effects that hinder adherence. By incorporating boring rehabilitation
exercises in a game, such as the rehabilitation gaming system [7], the association of the
rehabilitation with boredom can be changed into an association with fun.

Rather than rewarding behavior change, people can also be motivated to change
their behavior by emphasizing the negative effects of failing to change behavior. Such
fear appeals are an especially popular tool in campaigns to prevent or reduce smoking
and binge drinking, or to improve road safety. While fear appeals have been shown to
be effective [33], a threat alone is likely to be ineffective in encouraging behavior
change and may even be counter-productive in users that feel incapable of changing
behavior [15]. A threat should therefore be presented alongside concrete advice on how
to avoid the negative effects mentioned in the threat. That is, a behavior change
intervention that relies on fear appeals should have elements that target the motivation
determinant, but also target the capability determinant of behavior (see Sect. 4).

If threats and fear appeals are not effective enough in discouraging negative
behavior, behavior change techniques can attempt to remove the beneficial effects of
the negative behavior or to add punishment. Examples of this type of behavior change
technique are imposing fines for speeding by policy makers [19], applying a bitter
creme to discourage nail biting [1], but also limited lives in a computer game.

Punishment may not be effective in reducing undesirable behavior. For example,
Lawpoolsri and Braver [19] find that speeding tickets have a limited deterring effect.
Gneezy and Rustichini [11] report a situation where a daycare center introduced a fine
for parents that picked up their children too late, whereupon the number of late-coming
parents increased rather than decreased. In this case, the fine may have been interpreted
as a price for a service, making the negative behavior more acceptable.

In addition, rather than changing their behavior, people may put their effort in
avoiding the punishment, such as installing a radar detector to avoid speeding tickets.
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This is a particular challenge for game-based interventions, where a user may simply
choose to stop playing to avoid punishment rather than engaging in behavior change.

A particular problem when trying to achieve long-term behavior change by tar-
geting motivation is that the behavior is likely to revert back to the original once the
intervention ends (e.g. when a player abandons a game). After all, if intrinsic moti-
vation was not enough to encourage behavior change originally, it is likely to be
insufficient once there are no more extrinsic motivators (cf. [5]). But even if the
intervention can be continued indefinitely, repeated exposure to the same reward,
threat, or punishment may lead to habituation or satiation, which may reduce its
effectiveness. For example, users routinely disregard security warnings from their
computer [2]. For long-term behavior change, an intervention based on rewards or
threats should therefore also consider planning for habituation (see also Sect. 4).

3 Capability

In the COM-B model [22], capability refers to the user’s perceived ability to perform
the target behavior (i.e. self-efficacy, [3]), which includes physical ability and self-
control, but also the knowledge and skill necessary to perform the task (Table 2).

Conroy et al. [9] find that many top-ranked mobile apps for physical activity rely
mostly on instructions or demonstrations of the target behavior. However, techniques
that help users to transform their intentions into concrete behavior, for example through
action planning, were rarely observed in these apps, even though these techniques have
the potential to increase self-efficacy [8]. For example, a user that wants to exercise
more is less likely to be effective when he commits to going to the gym this week than
when he commits to go to the gym for an hour on Wednesday at 6 PM.

The successfulness of a behavior change intervention depends on whether concrete
and manageable goals are set. Through chaining or scaffolding, complex goals can be
achieved through a series of simpler tasks. For example, Dragonbox Algebra [36] starts
teaching children how to solve algebraic equations by introducing a concept of zero. As
the player progresses, the player receives incremental instructions on how to perform
the more complex actions that are needed to complete later goals, while avoiding goals

Table 2. Summary of behavior change techniques through capability considered in Sect. 3.

Technique Effects

Planning + Planning more concrete actions is more effective [8]
Instruction + Seeing peers perform behavior boosts self-efficacy [29]

+ Testimonials can increase self-efficacy [34]
Task structuring − Setting difficult goals can reduce self-efficacy [4]

+ Scaffolding can gradually improve self-efficacy [36]
Feedback − Data alone may not be effective [20, 30]
Identity + Identifying with the target behavior increases self-efficacy [28]
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that are too complex. After all, a particularly challenging goal, even when the user does
complete it, can reduce self-efficacy [4].

Schunk and Hanson [29] show that children that observed the subtraction skills of
others were more confident that they could learn subtraction as well. This modeling
effect was strongest when these children observed peers rather than teachers, which
underlines that modeling is most effective when the model is similar to the target.
A similar effect is shown by Ubel et al. [34], who report that testimonials of previous
patients significantly influence the choice of treatment of a current patient. These effects
can also be leveraged through multi-player elements in games.

A user’s ability to change behavior can also be supported by feedback on or
monitoring of the current behavior. For example, wearable activity trackers such as
Fitbit provide continuous information on activity to help the user achieve their activity
goals. However, Shih et al. [30] find that 17 out of 26 users stopped using the Fitbit
within two weeks. Lazar et al. [20] report that athletic users found the data to be least
useful, while other users believed the data to be more useful to athletic users. That is,
while wearable devices provide a great opportunity to provide feedback on behavior,
the presentation of this feedback should be designed with the end user in mind.

An important aspect of the capability determinant of behavior is that it refers to
perceived ability to perform the behavior. The importance is exemplified by the fact
that users tend to perform the behaviors that are associated with their perceived
identity. For example, users that identify themselves as a smoker tend to smoke. If a
smoker starts to identify as a non-smoker, for example through some success with
quitting smoking, that person is less likely to relapse [28].

4 Opportunity

The third determinant of behavior in the COM-B model [22] is opportunity, which
refers to external factors that facilitate or prompt the target behavior. Someone who is
dedicated to dental hygiene and wants to floss more often may be helped by being
prompted to floss at appropriate times. Similarly, notifications on a smartphone signal
the opportunity for its user to interact with the smartphone (Table 3).

The opportunity determinant of behavior is strongly related to creating positive
habits and removing negative habits, which in turn has strong ties with long-term
behavior change. It is important to note that while repetition is an important aspect in
habit formation, habits are not determined by frequency of behavior, but by

Table 3. Summary of behavior change techniques through capability considered in Sect. 4.

Technique Effects

Habit formation + Relevant cues increase adherence and automaticity [26]
− Adherence is not the same as automaticity [32]
− Repetition alone is not enough [10]

Environmental restructuring + Distraction from cues can help to remove bad habits [27]
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automaticity in the presence of a given cue [10]. In order to form a habit, a relevant cue
is therefore vital. Orbell and Verplanken [26] show their results of an experiment
introducing a flossing habit in participants. They report that participants that were
explicitly asked to write down a concrete cue to start flossing (e.g. after brushing teeth
at night) flossed more over the four weeks of the experiment than control participants.

Habit formation relies vitally on the relevance of the cue. Ideally, the cue should
only be present when the desired behavior is to be performed in order to ensure a strong
connection between cue and behavior. For example, even though security warnings on
a computer only occur in relevant situations, they are routinely ignored [2]. Inter-
ventions aimed at habit formation should therefore strive to select a relevant cue and
make it more salient to the user, for example through prompts or reminders. Karppinen
et al. [14] report that such reminders were perceived as especially beneficial features of
behavior change support systems.

In addition, the cue should be salient enough to eventually trigger behavior without
a prompt. Stawarz et al. [32] show that while time-based cues result in better adherence,
context-based cues result in better automaticity. That is, while sending an SMS mes-
sage every morning at 8 AM to floss may result in better adherence, a context-
dependent cue at the end of breakfast is expected to result in better habit formation.
However, it is more difficult to automatically send a message whenever a user finishes
brushing their teeth than it is to send a message every day at 8 AM. When using
prompts to help users change their behavior, the relevant cue should be salient enough
for the intervention to detect. However, if the relevant cue is particularly salient, the
user may not need a prompt. Sohn et al. [31] present a possible solution by prompting
based on GPS location, which may be more salient for a device than for the user.

Some behavior change techniques are closely linked to both opportunity and
capability. The antecedents group of behavior change techniques revolves around
stopping negative behavior by avoiding the stimuli that encourage it. For example,
people that want to eat healthier may decide to restructure their environment by filling
their house with healthy snacks rather than unhealthy snacks, or even to buy only at
stores that do not sell unhealthy food. Similarly, a student may decide to go to the
library to avoid the distractions at home. By doing so, they avoid the stimuli that
encourage the unwanted behavior (eating unhealthy snacks, being distracted from
studying) while allowing ample opportunity to engage in the target behavior (eating
healthy snacks, studying). For internal stimuli, such as cravings for smoking, distrac-
tion may provide a suitable technique to avoid giving in [27].

5 Designing Interventions for Long-Term Behavior Change

Behavior change techniques are typically described from a short-term point of view, in
which the only significant influence on the user’s motivation, capability, and oppor-
tunities can be assumed to be the technique itself. However, as time progresses, a user’s
motivation, capability, and opportunities may change, as well as the requirements a
user has of the behavior change techniques that are offered by an intervention. In this
section, we take a first step in placing behavior change techniques in a time frame
specifically aimed at long-term behavior change.
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In the process of behavior change, we identify four phases (see Fig. 1), which
correspond to the four stages of competence [6]. In the earliest phase of behavior
change, users of a behavior change intervention are unconsciously incompetent. A user
in this phase is unable to implement the behavior change and does not recognize that
such behavior change is necessary or beneficial. At this initial phase, the intended
behavior change may even be actively opposed (e.g. in addiction), or already presumed
to be achieved (i.e., an illusion of mastery).

Users in this first phase will not knowingly engage in a behavior change inter-
vention themselves but are rather entered into the intervention through outside forces.
This could in the form of a game that requires its players to acquire certain skills to
progress, or a government trying to dissuade negative behavior. Behavior change
techniques that are expected to be effective in this phase mostly have an outcome that is
attitudinal or results in declarative knowledge (cf. [17]). Users can be informed about
the need for behavior change by information about the beneficial effects of behavior
change, emphasizing the negative effects of failing to change behavior (e.g. fear
appeals), or feedback on the user’s performance on the target behavior. In addition,
extrinsic rewards, punishment, and social pressure may also be persuasive.

A user that understands the importance of the behavior change, but is unable to
realize this change, transitions to a phase of conscious incompetence. Most serious
games and other behavior change interventions focus on this stage, in which the user
attempts to increase his or her competence. Behavior change techniques that have a
motivational or declarative knowledge outcome (cf. [17]) play an important role here.

Fig. 1. Long-term behavior change timeline.
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Users that do not perceive themselves as capable of the behavior change can be
assisted through instruction, task structuring, planning, and feedback. In addition, users
may feel incapable of behavior change due to a disconnect between long-term goals
and short-term urges or habits. For example, someone who wants to quit smoking may
feel unable to resist the urge to smoke at specific moments. Behavior change techniques
that target opportunity by reducing the opportunity to perform negative behaviors (i.e.
environmental restructuring) may be particularly effective. Users may also benefit from
extrinsic rewards, punishment, or social pressure. Note that while in the unconscious
incompetence stage these motivation-centered behavior change techniques are aimed at
increasing the perceived benefit of the behavior change (i.e. attitudinal outcomes), in
the conscious incompetence stage they are aimed at reducing the perceived cost of
behavior change (i.e. motivational outcomes). For example, rehabilitating within the
context of a game does not make the outcome of the treatment more appealing, it makes
the perceived cost of the rehabilitation process acceptable.

The third phase is characterized by conscious competence. A user in this phase is
capable of performing the target behavior at any given moment, but it requires con-
scious effort to do so, which results in a risk for relapse. In this phase, extrinsic rewards
and punishment may need to be removed in a controlled manner. After all, as men-
tioned in Sect. 2, habituation and satiation of the extrinsic motivator may eventually
render it ineffective (cf. [5]). However, if these extrinsic motivators were instrumental
in achieving behavior change, intrinsic motivators may not be enough to maintain the
behavior change. Social support may be especially useful in compensating for the
reduced effectiveness of other motivators (see also [14]).

To reduce the risk of relapse, the user may start to identify with the new behavior
(e.g. a non-smoker). Planning and feedback may still be required to maintain the
behavior change. Behavior change techniques with an automaticity or proceduraliza-
tion outcome [17] will be especially effective in transitioning to the final phase.

The final phase is characterized by unconscious competence, where the behavior
change is governed by habitual action. In this phase, the risk of relapse of the user is
greatly reduced. However, this does not mean that the behavior change is persistent.
A prolonged change in context may disrupt the habit that governs the behavior change.
This is a particular challenge for game-based interventions, which have to ensure that
skills acquired in the game context transfer to and persist in real-life scenarios. In this
final phase, habit generalization may therefore be beneficial.

While these phases suggest a strong linearity in the process of behavior change, this
is not the intended message. For example, users that knowingly engage in behavior
change will typically be consciously rather than unconsciously incompetent, and
therefore start the process in the second phase. Through conditioning, users may also
go from unconscious incompetence straight to unconscious competence. In addition, at
any point a user may relapse to an earlier phase.
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6 Discussion

In this paper, we have taken a first step in creating a timeline for long-term behavior
change by delineating what behavior change techniques are most likely to be effective
in what phase of the behavior change. A behavior change intervention is more effective
on the long run when it combines a variety of behavior change techniques that target
motivation, capability, and opportunity. However, simply adding more behavior
change techniques to an intervention does not guarantee its effectiveness will increase
[37]. While some combinations of behavior change techniques show synergy, adding
more behavior change techniques may reduce overall effectiveness. Unfortunately, it is
currently poorly understood how different behavior change techniques interact. In
addition, not all behavior change can be readily assessed.

To complicate matters, a particularly effective behavior change technique is tai-
loring [14], in which the intervention customizes itself to the needs of the user. Also,
the effectiveness of behavior change techniques such as modeling as well as empha-
sizing personal susceptibility in fear appeals suggests that interventions that adapt to
their user may be especially effective. Although it is known that different audiences
have different needs, it is not clearly understood how the determinants of behavior and
the effectiveness of behavior change techniques vary across audiences.

Behavior change is a complex interplay of motivation, capability, and opportunity,
especially over longer periods of time. With the long-term behavior change timeline
presented in this paper, we have taken a first step towards understanding how digital
tools such as serious games need to be designed to ensure long-term effectiveness.

References

1. Allen, K.: Chronic nailbiting: a controlled comparison of competing response and mild
aversion treatments. Behav. Res. Ther. 34(3), 269–272 (1996)

2. Anderson, B., Jenkins, J., Vance, A., Kirwan, C., Eargle, D.: Your memory is working
against you: how eye tracking and memory explain habituation to security warnings. Decis.
Support Syst. 92, 3–13 (2016)

3. Bandura, A.: Self-efficacy: toward a unifying theory of behavioral change. Psychol. Rev. 84
(2), 191–215 (1977)

4. Bandura, A., Cervone, D.: Differential engagement of self-reactive influences in cognitive
motivation. Organ. Behav. Hum. Decis. Process. 38(1), 92–113 (1986)

5. Bouton, M.: Why behavior change is difficult to sustain. Prev. Med. 68, 29–36 (2014)
6. Burch, N.: The Four Stages for Learning Any New Skill. Gordon Training International,

Solana Beach (1970)
7. Cameirão, M., i Badia, S., Zimmerli, L., Oller, E., Verschure, P.: The rehabilitation gaming

system: a virtual reality based system for the evaluation and rehabilitation of motor deficits.
In: Virtual Rehabilitation, pp. 29–33 (2007)

8. Carraro, N., Gaudreau, P.: Spontaneous and experimentally induced action planning and
coping planning for physical activity: a meta-analysis. Psychol. Sport Exerc. 14(2), 228–248
(2013)

9. Conroy, D., Yang, C., Maher, J.: Behavior change techniques in top-ranked mobile apps for
physical activity. Am. J. Prev. Med. 46(6), 649–652 (2014)

Putting the Long-Term into Behavior Change 79



10. Gardner, B.: Habit as automaticity, not frequency. Eur. Health Psychol. 14(2), 32–36 (2012)
11. Gneezy, U., Rustichini, A.: A fine is a price. J. Leg. Stud. 29(1), 1–17 (2000)
12. Gourlan, M., et al.: Efficacy of theory-based interventions to promote physical activity.

A meta-analysis of randomised controlled trials. Health Psychol. Rev. 10(1), 50–66 (2016)
13. Heyman, J., Ariely, D.: Effort for payment: a tale of two markets. Psychol. Sci. 15(11), 787–

793 (2004)
14. Karppinen, P., et al.: Persuasive user experiences of a health Behavior Change Support

System: a 12-month study for prevention of metabolic syndrome. Int. J. Med. Inform. 96,
51–61 (2016)

15. Kessels, L., Ruiter, R., Wouters, L., Jansma, B.: Neuroscientific evidence for defensive
avoidance of fear appeals. Int. J. Psychol. 49(2), 80–88 (2014)

16. Kim, T., Werbach, K.: More than just a game: ethical issues in gamification. Ethics Inf.
Technol. 18(2), 157–173 (2016)

17. Kraiger, K., Ford, J., Salas, E.: Application of cognitive, skill-based, and affective theories of
learning outcomes to new methods of training evaluation. J. Appl. Psychol. 78(2), 311–328
(1993)

18. Kwasnicka, D., Dombrowski, S., White, M., Sniehotta, F.: Theoretical explanations for
maintenance of behaviour change: a systematic review of behaviour theories. Health
Psychol. Rev. 10(3), 277–296 (2016)

19. Lawpoolsri, S., Li, J., Braver, E.: Do speeding tickets reduce the likelihood of receiving
subsequent speeding tickets? A longitudinal study of speeding violators in Maryland. Traffic
Inj. Prev. 8(1), 26–34 (2007)

20. Lazar, A., Koehler, C., Tanenbaum, J., Nguyen, D.: Why we use and abandon smart devices.
In: Proceedings of the 2015 ACM International Joint Conference on Pervasive and
Ubiquitous Computing, pp. 635–646 (2015)

21. Ma, F., et al.: Promoting honesty in young children through observational learning.
J. Exp. Child Psychol. 167, 234–245 (2018)

22. Michie, S., van Stralen, M., West, R.: The behaviour change wheel: a new method for
characterising and designing behaviour change interventions. Implement. Sci. 6(1), 42
(2011)

23. Michie, S., et al.: The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: building an international consensus for the reporting of behavior
change interventions. Ann. Behav. Med. 46(1), 81–95 (2013)

24. Nettle, D., Harper, Z., Kidson, A., Stone, R., Penton-Voak, I., Bateson, M.: The watching
eyes effect in the Dictator Game: it’s not how much you give, it’s being seen to give
something. Evol. Hum. Behav. 34(1), 35–40 (2013)

25. Nolan, J., Schultz, P., Cialdini, R., Goldstein, N., Griskevicius, V.: Normative social
influence is underdetected. Pers. Soc. Psychol. Bull. 34(7), 913–923 (2008)

26. Orbell, S., Verplanken, B.: The automatic component of habit in health behavior: habit as
cue-contingent automaticity. Health Psychol. 29(4), 374–383 (2010)

27. Ploderer, B., Smith, W., Pearce, J., Borland, R.: A mobile app offering distractions and tips
to cope with cigarette craving: a qualitative study. JMIR mHealth uHealth 2(2), e23 (2014)

28. van den Putte, B., Yzer, M., Willemsen, M., de Bruijn, G.: The effects of smoking self-
identity and quitting self-identity on attempts to quit smoking. Health Psychol. 28(5), 535–
544 (2009)

29. Schunk, D., Hanson, A.: Peer models: influence on children’s self-efficacy and achievement.
J. Educ. Psychol. 77(3), 313–322 (1985)

30. Shih, P., Han, K., Poole, E., Rosson, M., Carroll, J.: Use and adoption challenges of
wearable activity trackers. In: iConference 2015 Proceedings (2015)

80 H. de Weerd and N. Degens



31. Sohn, T., Li, K.A., Lee, G., Smith, I., Scott, J., Griswold, W.G.: Place-its: a study of
location-based reminders on mobile phones. In: Beigl, M., Intille, S., Rekimoto, J., Tokuda,
H. (eds.) UbiComp 2005. LNCS, vol. 3660, pp. 232–250. Springer, Heidelberg (2005).
https://doi.org/10.1007/11551201_14

32. Stawarz, K., Cox, A., Blandford, A.: Beyond self-tracking and reminders: designing
smartphone apps that support habit formation. In: Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems, pp. 2653–2662. ACM (2015)

33. Tannenbaum, M., et al.: Appealing to fear: a meta-analysis of fear appeal effectiveness and
theories. Psychol. Bull. 141(6), 1178–1204 (2015)

34. Ubel, P., Jepson, C., Baron, J.: The inclusion of patient testimonials in decision aids: effects
on treatment choices. Med. Decis. Making 21(1), 60–68 (2001)

35. Webb, T., Joseph, J., Yardley, L., Michie, S.: Using the internet to promote health behavior
change: a systematic review and meta-analysis of the impact of theoretical basis, use of
behavior change techniques, and mode of delivery on efficacy. J. Med. Internet Res. 12(1),
e4 (2010)

36. WeWantToKnow (2011). Dragonbox Algebra. http://dragonbox.com
37. Wildeboer, G., Kelders, S., van Gemert-Pijnen, J.: The relationship between persuasive

technology principles, adherence and effect of web-based interventions for mental health: a
meta-analysis. Int. J. Med. Inform. 96, 71–85 (2016)

Putting the Long-Term into Behavior Change 81

http://dx.doi.org/10.1007/11551201_14
http://dragonbox.com


MainTrain: A Serious Game
on the Complexities of Rail Maintenance

David Alderliesten(&), Kotryna Valečkaitė, Nestor Z. Salamon,
J. Timothy Balint, and Rafael Bidarra

Faculty of Electrical Engineering, Mathematics and Computer Science,
Delft University of Technology, Delft, The Netherlands
J.W.D.Alderliesten@student.tudelft.nl

Abstract. Commuters who travel by train often feel annoyed due to misun-
derstanding the causes of delays in train traffic. They oftentimes are unaware of
the necessity of performing maintenance to stations, tracks, and trains. Main-
Train is a serious game developed to teach commuters about rail-maintenance
while simulating the difficulty of keeping passengers happy. It is a fast-paced
strategy game with a top-down view in which a player can perform maintenance
actions on stations, tracks, and trains. By using commuter happiness as a base
metric, MainTrain attempts to elicit empathy from players dissatisfied with
scheduled maintenance so that they gain a better appreciation of the need for
scheduled maintenance. This is coupled with the need to schedule maintenance
for several components of a rail network, encumbering a player while teaching
them about different aspects of rail maintenance. To examine the effectiveness of
the game, the results of a user study are presented.

Keywords: Serious game � Educational game � Rail maintenance

1 Introduction

Scheduled rail maintenance is a nuisance for any traveler. The additional waiting time
created by maintenance can cause a delayed arrival time, missed connections, or even
the inability to reach a destination. Some scheduling issues are the result of incidental
failures of rolling stock or maintenance issues such as faulty junctions and signaling on
semaphores, but many other delays arise due to planned maintenance. These types of
scheduling conflicts do not restrict the ability to travel entirely, but do cause routes to
have less capacity, less trains which can operate within a unit of time, or a requirement
to travel through a different station to reach the desired destination [21].

Although these types of delays are usually announced as planned rail maintenance,
many passengers do not understand why such maintenance must impact them. Pas-
sengers may be unable to understand what delays and issues arise in a rail network when
this maintenance is not performed, thereby becoming unhappy when maintenance is
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performed on their routes. However, the effects of not maintaining a rail network include
derailment, emergency maintenance, and wear and tear of assets. All these alternatives
could cause bodily harm, more extreme issues with scheduling, or the entire cancellation
of routes for a long period of time [20]. Therefore, passengers who deal with scheduled
maintenance focus on current unhappiness as opposed to the greater potential unhap-
piness caused by not doing so.

MainTrain is a serious game meant to clarify and to show the effects of this planned
& scheduled maintenance. It is meant to enable impacted customers of rail organiza-
tions to understand that, despite their frustration, the maintenance is required and not
performing it could lead to longer inconveniences. MainTrain is also meant to expose
players to the difficulties and conflicts with scheduling such planned maintenance,
evoking possible empathy or understanding as to why they have been impacted while
showing them that it was not possible to generate a maintenance schedule which avoids
impacting any group of travelers or impact another group in a less negative manner.

The main aim of MainTrain is to provide players with the ability to manage a rail
network with a selected set of features\regarding rail maintenance, as well as the ability
to see the direct impact upon passengers and rolling stock (train cars). Moreover, to
avoid extensive and tedious gameplay as it would occur in a real time simulation,
MainTrain delivers the full experience in a maximum of five to ten minutes. The focus
of MainTrain lies with imbuing an understanding to the players of the complexities of
rail maintenance.

2 Related Works

The topic of planning and scheduling rail networks is not one lacking research, acting
as the focus of significant algorithmic optimization efforts and decision support tools
[4, 6, 8, 14]. Regardless of the effort on operational effectiveness, failures and delays
are inevitable. Therefore, a significant amount of research is honed to minimize the
passenger dissatisfaction (a recent review of the work is provided by [16]).

The perception of the train travel quality depends on many quantifiable (e.g. travel
time, cost, reliability) and unquantifiable (e.g. comfort, passenger risk aversion) vari-
ables [15]. For instance, during a disruption event itself, the negative impact on the
passengers’ perception can be influenced by the type of information they are provided
[18]. Tsuchiya et al. [18] show, that passengers appreciate being informed about the
cause of the delay. However, in situations where the operator was responsible (rather
than an unforeseen external factor), passengers experienced stronger negative emo-
tions. Among such disruptions are train delays caused by the rail maintenance.
Nonetheless, understanding the nature of the disruption alleviates stress experienced by
the passenger [9].

Bringing it to serious games, interaction is one of the most important components
of learning experience [7, 13]. One of the most effective ways of content-learner
interactions have been provided by the relatively new medium of video games. Such
games, focusing not only on the entertainment value, have been proven to work in a
motivating, enabling manner [2]. Serious games allow people to actively participate
and allow repetitive practicing. Even within a context of rail and transport planning,
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such games have been proven to be an excellent medium to explain complex concepts
[3] and even explore radical innovations within transport planning [19]. These
examples, Synchro Mania [3] and SprintCity [11, 12], do not explicitly deal with
railway or rolling stock maintenance. The first one focuses on synchro modality and
planning of freight transport. The second one primarily offers the possibility to create
‘what-if’ scenarios for infrastructure planning to support decision making.

On the one side of the spectrum lie games focusing on the economic aspects and
optimization of railroad network use. The following examples are not considered
serious games, but their core gameplay components illustrate the complexity of the
railway design, scheduling and operating objectives. Among these are Simultrans [10],
Railroad X [17], Sid Meyer’s Railroads! [1]. Within this category of games, the player
cannot schedule trains or funnel passenger movement paths but is able to make bud-
getary decision and can attempt to create a rail network design that most optimally
funnels passengers to transfer locations. Looking at even more minimalistic games,
such as MiniMetro [5], address the complexity of network design itself. MiniMetro
places an emphasis on the design of the network and route capacities, with the
requirement to transport a certain number of passengers within a given time limit. The
game is open ended, with game difficulty increasing together with the growing rail
network.

3 Game Design and Implementation

The purpose of the presented MainTrain game is to provide a player with an under-
standing as to why planned maintenance is required and why minimizing the negative
impact on passengers is a difficult task. These insights are to be provided within the
context of a short time period, such as a convention floor or on a station platform while
waiting for a delayed train. The main purpose of the game is to:

• inform about the basic types of rail maintenance;
• make the player aware of the (dis)advantages of performing regular rail mainte-

nance; and
• trigger the further interest in the topic.

For this, the game must provide a simple overview of a rail network with the
essential features: stations, tracks, and trains. This system is not a representation of a
real rail network to avoid overly complex starting conditions and possible player
favoritism of known locations.

The core of the game is to perform maintenance tasks along a rail network, which is
deteriorating over time. The player can perform rolling stock, station, and track
maintenance. The player can perform these tasks by selecting the desired component
(track element, station, rolling stock), and selecting one of the maintenance options
provided. Track maintenance ensures trains can safely and quickly reach their desti-
nation, while also preventing accidents and a propagation of track damage. Rolling
stock maintenance ensures that trains are clean and comfortable for passengers,
increasing their tolerance for longer journeys and issues that arise while en-route.
Station maintenance ensures that passengers are attracted to the idea of train travel and
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will tolerate longer delays and issues that arise before their journey begins. These three
maintenance tasks were chosen as they are easily visible in both the game and real life.
Most passengers interact with the trains and stations and can perceive repair being done
on track if they pass by the track. Maintaining the rail system allows transporting larger
quantities of passengers, as well as keeping them happy. For the first of the two, the
user is rewarded by points and system complexity growth. Simultaneously, it is also
essential to keep the passenger happiness high: if it drops below a set threshold, the
game ends.

The simplicity of possible choices is counterweighted by the size of the provided
network. Additionally, the inability to have a full overview of the system state at all
times contributes to the complexity of decision making during the game session. Like
in real world, situation the system operator needs to perform manual inspections of
units. Furthermore, the user is presented with the knowledge at which points in time the
routes will likely deteriorate. Making the game complicated is intentional: the player is
supposed to feel discomfort as if to mimic the ‘actual’ situation. An overview of the
presentation of these features is present in Fig. 1.

3.1 Procedural Rails and Random Route Generation

MainTrain was developed to allow random station generation over time to increase the
difficulty of the game for the player. To facilitate this, a method was developed to
generate track pieces between randomly generated stations regardless of positions.
A simple rail model was placed within the game and the stations were encoded to
consist of track start and end points. Track would be generated by replicating the track
model multiple times between these start and end points, generating a track that can be
randomly created and allows for network expansion. The track’s existence, including
its length and direction between two stations, was implemented within a central array to

Fig. 1. A sample train layout, with Tramsterdam selected. In the upper left corner are stats
related to the track reach the station. A train will soon run between two other stations, indicated
by the card on the top right side.
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allow for the simple addition of trains over the track, meaning they would travel over
the procedurally generated rail segments. The players would be provided with an
overview as seen in Fig. 2.

To ensure the player was met with non-linear and unpredictable routing, a method
had to be devised to ensure that the routes traveled by the trains within the game are
random. Hence, an array of stations was created, and a random timer derived from the
game engine determines whether an event should be generated at any random given
moment. The routes generated take a start and end station, which can be connected
directly but usually consist of at least a single stopover station between them. This
utilizes more of the track, requiring more sections be operational to keep a high
happiness score. The route uses the track pieces found within the game world to
determine the most efficient route to get to the destination station.

Due to the possibility that a track piece is broken beyond the point of allowing a
train to traverse it, the routing implementation also accounts for cases where a train
cannot reach its destination or must be rerouted during its journey. This was done by
continually iterating over the track array within the game world between each visited
station and determines a new route to the desired destination if still possible. This
solved the issue of random routing, as well as also the issue that could arise in which
trains might be routed to move over broken track.

3.2 Passenger Satisfaction Coupling

The measuring of passenger satisfaction requires interplay between multiple variables
within the game. These variables include: average cleanliness of stations, the durability
of the track segment the train is moving over, and the cleanliness and repair status of
the rolling stock itself. To ensure that the player notices the impact of these many
variables, simple methods had to be found which could bind all associated variables
together and impact a distinct set of variables that the player would notice. The Pas-
senger Count and Passenger Satisfaction variables bind all associated values together to
ensure the player is not tracking or noticing the interplay of elements but does receive

Fig. 2. Train cards with the route information and train properties.
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understandable feedback when a train is generated to provide hints related to track
status. The passenger count value is given when trains are generated and directly
influenced by all variables related to the player performance, whereas the passenger
satisfaction variable is shown as a percentage bar to provide an overview of passenger
timeliness and comfort directly related to the actions of the player.

4 Evaluation

We assess the efficacy of MainTrain by performing a user-study. Testing was per-
formed between groups on two different versions of the game: (i) one without a
possibility to lose and without a clear indication of the score, named bare and (ii) one
with both of these implemented and visual consequences amplified (i.e. track durability
decrease would significantly impact the movement speed of the train) named full. We
tested on this difference as the score and visual consequences most directly related to
passenger happiness as well as visually explaining the variety of track maintenance.
Our user study consisted of twelve one-on-one play-test and interview sessions, which
occurred in a setting familiar to the participant (such as their home or office). On
initiation, the participant was given no instructions apart from a request to interact with
MainTrain. During the session, the interviewer provided only requested directions to
the player, all of which were noted by the interviewer. After testing, the participants
filled in a questionnaire. This questionnaire focused on user interface design, difficulty
and immersiveness of the gameplay, as well as how well the game conveyed its
intended purpose. Our user study was carried out with eleven participants from three
age groups: 10–20 (1 participant), 20–30 (8 participants), and 30+ (2 participants), all
of whom were familiar with computer games.

By examining the qualitative feedback on the questionnaire, we found that adding
in a clear indication of score and visual degradation caused some players to feel
overwhelmed by the amount of maintenance options available. This is most likely due
to the fact that the full game allows the players to “see” what they could do as well as
how those choices affect passengers and the rail network. Interestingly enough, this did
not lead to a significant different between how players rated the overall enjoyment of
the game (p = 0.5). Furthermore, showing player happiness as a scoring mechanism
and allowing the participant to fail the game caused a shift in what each participant
thought the goal of the game was. In the bare version of MainTrain, half the partici-
pants believed the goal was simply to transport people, with only one believing that
customer satisfaction was the purpose. However, in the full version, half of the par-
ticipants noted happiness as a goal, half noted transportation, with one saying that these
were the two goals of the game. This makes sense as the full version of the game had
happiness tied to success. While this does not mean that the game made the participants
empathic to rail maintenance, it is a first step in determining if MainTrain will do so.
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5 Conclusion and Future Work

In this paper we presented a game aiming to show the complexity and difficulty of rail
maintenance to a varied audience in an exhibition or fair setting. The player is faced
with a goal to allow as many passengers to be transported, keeping them happy whilst
keeping up the stations, tracks, and the rolling stock.

While the player can theoretically burn through the game and never experience any
of the issues - simulations do not reach a high level of complexity, MainTrain conveys
the important concepts in rail maintenance, such as the three rail components that must
be maintained.

Future versions of MainTrain will aim to introduce some required issues or
problems as the game progresses, regardless of player performance (i.e. the breakdown
of a train or a natural disaster). At this point in time, the player can play the entire game
without experiencing any issues in track maintenance, whereas planned setbacks would
ensure the player is shown the desired difficulties and complexities, which exist within
the domain of rail maintenance.
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Abstract. Computational thinking (CT) is a term widely used to describe
algorithmic thinking and logic reasoning concepts and processes often related to
computer programming. As such, CT as a cognitive ability builds on concepts
and processes that derive from computer programming, but are applicable to
wider real-life problems and STEM domains. CT has recently been argued to be
a fundamental skill for 21st century education and an early academic success
indicator that should be introduced and trained already in primary school edu-
cation. Accordingly, we developed three life-size board games – Crabs &
Turtles: A Series of Computational Adventures – that aim at providing an
unplugged, gamified and low-threshold introduction to CT by presenting basic
coding concepts and computational thinking processes to 8 to 9-year-old pri-
mary school children. For the design and development of these educational
board games we followed a rapid prototyping approach. In the current study, we
report results of an empirical evaluation of game experience of our educational
board games with students of the target age group. In particular, we conducted
quantitative analyses of player experience of primary school student partici-
pants. Results indicate overall positive game experience for all three board
games. Future studies are planned to further evaluate learning outcomes in
educational interventions with children.

Keywords: Computational Thinking � Unplugged activities � Board games

1 Introduction

Computational Thinking (CT) denotes the mental ability of creating a computational
solution to a problem, by first decomposing it, and then developing a structured and
algorithmic solution procedure [1, 2]. CT as a cognitive ability is argued to reflect the
application of fundamental concepts and reasoning processes that derive from computer
science and informatics to wider everyday life activities and problems but also STEM
(Science, Technology, Engineering, and Mathematics) domains [3]. The construct of
CT as a cognitive ability shares common concepts with computer programming as a
practical skill. Central concepts in computer programming are the ideas of sequences,
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operators, data/variables, conditionals, events, loops, and parallelism [4]. Respectively,
CT draws on processes such as decomposition, algorithmic thinking, conditional logic,
pattern recognition, evaluation, abstraction, and generalization, which reflect cognitive
counterparts of central computer programming concepts [2, 5].

CT, as a rather general problem solving strategy applied to different domains, has
been identified as a fundamental 21st century skill [1]. It has been suggested that the
instruction on CT concepts may improve students’ analytical skills and provide early
indication and prediction of academic success [6]. Therefore, CT is considered a key
competence for everyone and not just computer scientists [1], comparable to literacy
and numeracy [7], that should be taught and acquired early in education.

Recent research focused on the benefits of CT and its integration into educational
curricula, which has lately led to several adaptations and reformations of educational
programs throughout all levels of education worldwide [8, 9]. Educational initiatives
and governmental institutions all over the world have been working on the integration
of CT into curricula of educational programs of primary, secondary, and higher
education [10–13].

The societal relevance of CT led us to design and develop a CT training course for
primary school children, introducing computer programming concepts and CT pro-
cesses, applied to different STEAM (Science, Technology, Engineering, Art, and
Mathematics) domains (for information on the overall course structure see [14]).
Importantly, to offer a low threshold introduction to CT utilizing embodied learning
[15], we developed unplugged life-size board games Crabs & Turtles: A Series of
Computational Adventures (for a more detailed description of the games see [16]) for
our CT training course.

Crabs & Turtles shares common ideas with concepts of Papert’s educational Logo
Turtle [17] and logo-inspired gamified educational activities [18]. Logo Turtle trans-
ferred to the real world conceptualized ideas of programing-like commands and
algorithms, by applying them for the first time to a transparent moving and haptic
object, the Turtle. The unplugged life-size game design allows embodied training (for
the concept of embodied cognition [15]) of simple computational concepts and
encourages active engagement and participation of students (for an overview see [19]).
The games’ target group are primary and secondary school students (8–12 years old)
with no prior programming knowledge. We deliberately chose an unplugged mode of
the game taking into consideration common concerns regarding the introduction of
computer programming to young children [20, 21]. The unplugged mode fosters the
understanding that CT processes do not occur only within digital contexts, but have a
wider application in real-life problem solving.

Design and development of the game followed an iterative user-centered process
[22]. More specifically, we tested first design ideas of the game with a custom-made
life-size game as a pilot educational intervention with primary school children [23].
Later on, we developed and tested usability of an early prototype with primary school
students during a short workshop session. After integrating feedback from both pre-
vious stages, we continued with the examination of users’ game experience quantita-
tively with an adult population to ensure the games’ appropriateness for children before
evaluating the game with the target age group [16]. Feedback from this study was
integrated again and resulted in the latest version of the games. The final version of the
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games was evaluated for its game experience in the target age group. Results of this
evaluation are reported in the current article.

2 Games Description

Crabs & Turtles [16] consists of three different games: i. The Treasure Hunt, ii. The
Race, and iii. Patterns. The games are designed for children at primary school level,
focusing specifically on 3rd and 4th graders. They are intended to be used as integrated
educational interventions in the classroom. Teachers play a central role in their
implementation by acting as the game master in all three games, which can be played
independently from each other and at any order of preference. The games aim at
introducing and training processes related to CT, like abstraction, algorithms,
decomposition, evaluation and patterns. In particular, they focus on mathematical (i.e.,
addition, multiplication, subtraction, and angular degrees) and coding (i.e., condi-
tionals, constants and variables, events, loops, operators, and sequences) concepts
related to those processes.

The Treasure Hunt (see Fig. 1) is the first game of Crabs & Turtles. Players have to
strategically move the pawn in teams of two on a grid board to collect food treasure
items for their pawns (either crabs or turtles). To do so, teams of two have to efficiently

Fig. 1. The Treasure Hunt game/grid board: 1. Sequence of commands created by the players,
2. Pawn, 3. Treasure collection point, 4. Pawn with food treasure items and badges that are
collected by the players.
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build sequences of instructions, consisting of specific card commands to move their
pawns across the board to gather treasures. They also need to obey specific rules and
restrictions on movements indicated by the environment. For example, crab and turtle
pawns can move only across specific colored tiles on the grid, water or stone and grass
or stone, respectively. The main learning objective of the game is the general intro-
duction to algorithmic thinking and sequential problem solving, as well as the con-
sideration of restrictions and the use of simple conditional orders. Coding concepts
explicitly addressed in this game are sequences and loops. For successful application of
coding concepts players are awarded badges during the game (e.g. loop badge,
sequence badge, etc.). Along with coding concepts, students get familiar with handling
angular degrees in spatial orientation. The winner of the game is the team that first
collects a specific number of food treasure items.

The Race (see Fig. 2) is the second game of Crabs & Turtles. In this game, players
in teams of two have to reach the end of the game board by solving math/related riddles
and handle the changing characteristics of variables (e.g. in-/decreasing of values). This
game specifically focuses on coding concepts related to mathematics. In particular,
coding skills explicitly addressed in this game are constants and variables, conditionals,
events, and operators. During the game, players are awarded badges related to their
achievements like variable badge, addition badge, etc. Mathematical abilities trained in
the game relate to addition, subtraction, and multiplication. Consequently, the riddles

Fig. 2. The Race game board (Inner upper panel: example of game cards).
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of the game consist of equations related to mathematical operations and variables. The
winner of the game is the team of two that first reaches the end of the race in the center
of the game board.

Patterns (see Fig. 3) is the third game of Crabs & Turtles. In this game children
play individually, trying to match as fast as possible two types of cards based on visual
patterns depicted on them. In order to do so, they have to read color codes, recognize
patterns, and follow specific restrictions. The color codes consist of colors, a shape, and
an arrow that indicates the order of reading the color code (see Fig. 3, left). The
patterns consist of colorful shapes which are depictions of a star, a square, a circle, and
a triangle (see Fig. 3, right). The order of the shapes as well as their color is different on
each card matching in this way only one specific color code. The main learning
objective of the game is the introduction to the concept of patterns, by identifying color
and shape patterns. The winner of the game is the player that succeeds in collecting the
most cards.

3 Evaluation

After a successful 2-phase user test evaluation procedure with adult participants [16]
we moved on to evaluating the games with primary school children – the actual target
group of the games. In our 45-minute gaming sessions, main focus was on assessing
game experience quantitatively to identify potential dysfunctionalities during game-
play, which then can be addressed before integrating the games into our CT course and
evaluating their educational potential. To validate the design approach, participants
consisted of different grades of primary school. Instructors and game masters in those
sessions were the creators of the games.

3.1 Participants

We collected data from 79 primary school students aged between 8 and 12 years of age
from 6 different schools in Greece and Germany. Due to missing data on more than

Fig. 3. Patterns card pairing example (Left: a card depicting a colorful pattern; Right: a color
code matching the pattern card on the left).
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10% of the items, we excluded data of 9 participants from further analysis. For another
4 participants who completed more than one game we had to exclude some of their
questionnaires for specific games, because responses were missing due to local orga-
nizational issues. Missing values for fewer items in the questionnaires were replaced by
the mean score for the respective item computed from other participants. As such, data
of a final sample of 70 participants was considered in the analyses. (age in years:
mean = 9.44, SD = 0.845; male: 42, female: 20, not indicated: 8).

3.2 Procedure and Materials

In separate teaching sessions, we evaluated game experience of primary school stu-
dents. Most of the participants played all 3 games of Crabs & Turtles. Before par-
ticipants started playing each of the games, we provided oral and visual instructions.
After playing each game, participants were asked to complete the Game Experience
Questionnaire (henceforth GEQ) [24]. We used a translated version of the Core (33
items) module in Greek and German to assess overall game experience. The Core
module consists of seven subscales addressing i. Immersion, ii. Flow, iii. Competence,
iv. Positive Affect, v. Negative Affect, vi. Tension, and vii. Challenge. For each sub-
scale we used the average scores of the respective items as dependent variable in our
analyses. Each item had to be responded on a 5-point Likert-scale (1 = not at all;
2 = slightly; 3 = moderately; 4 = fairly; 5 = extremely). For example, the fourth item
of the Core module reads as follows: “I felt happy” and participants had to rate their
experience of content on the aforementioned Likert scale by crossing an answer from 1
to 5 (e.g. crossing 4 would mean “I felt fairly happy”).

Furthermore, we used 4 additional items to further evaluate overall game experience,
which also employed a 5-point Likert-scale: Q1. I would explain my experience as
playing; Q2. I would explain my experience as learning (Q1 & Q2: 1 = not at all;
2 = not really; 3 = undecided; 4 = somewhat; 5 = very much);Q3. I would recommend
the games to a friend; Q4. I would like to play the games again in the future (Q3 & Q4:
1 = not at all; 2 = not really; 3 = undecided; 4 = likely; 5 = very likely). We added
these 4 items to the questionnaire with the intention to measure the experience of the
game as learning and/or playing, because the GEQ aims at evaluating game experience
more broadly and not game experience for educational games in particular.

Finally, to evaluate specific design elements of The Treasure Hunt and The Race,
such as boards, cards, game pieces, inventory items, and rules, 5 more items (e.g. Q:
How much did you like the inventory items?), again using a 5-point Likert-scale
(1 = not at all; 2 = slightly; 3 = moderately; 4 = fairly; 5 = extremely), were used. For
Patterns only cards and rules were evaluated.

3.3 Results

The analyses of the questionnaires were conducted for each game separately. Current
results are presented in the following three sections. We used a conservative approach
of analyzing each subscale of the GEQ by conducting one sample t-test comparing
means of subscale ratings to the middle value of the scale (3 = mediocre) of the 5-point
Likert scale. Internal consistency (Cronbachs’s Alpha) of the GEQ as reported by [24]
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is presented in Table 1 (column a*). In addition, Cronbach’s alpha as obtained in the
current sample is also reported in Table 1 (column a). The observed internal consis-
tency indicated acceptable reliability for most subscales with a > .70. However, this
was not the case for subscales Tension/Annoyance (for games 2 and 3), Challenge (for
games 1, 2 and 3) and Negative Affect (for game 1). For the analyses of overall game
experience and the specific design elements we again ran t-tests against the middle of
the respective scale. Descriptive results and inferential statistics for the GEQ subscales
are summarized in Table 1 and Fig. 4.

3.3.1 The Treasure Hunt
Game Experience. Participants rated this game significantly above mediocre on the
subscales Competence, Sensory & Imaginative Immersion, and Positive Affect. In
contrast, ratings were significantly below mediocre for the subscales
Tension/Annoyance, Challenge, and Negative Affect. We did not find a significant
difference from mediocre for Flow (see Table 1).

Overall Experience. Participants experienced The Treasure Hunt somewhat as
playing (Q1: mean = 4.22, SD = 1.10; t(17) = 6.29, p < 0.001) as reflected by ratings
significantly above mediocre and not so much as a learning activity (Q2: mean = 2.98,
SD = 1.51; t(17) = −.09, p = 0.929). Additionally, participants reported that they would
likely recommend the game to a friend (Q3: mean = 3.74, SD = 1.37; t(17) = 3.05,
p = 0.005), and would likely play the game again in the future (Q4: mean = 4.29,
SD = 1.08; t(17) = 6.71, p < 0.001), as indicated by ratings significantly above
mediocre.

Design Elements’ Evaluation. The design elements of The Treasure Hunt scored a
mean of 4.13 (SD = 1.02) on the 5-point Likert scale. More specifically, users rated all
five design elements of The Treasure Hunt (Board: mean = 4.09, SD = 1.17,
t(17) = 5.27, p < 0.001; Cards: mean = 3.88, SD = 1.24, t(17) = 4.00, p < 0.001; Game
Pieces:mean = 4.50, SD = .84, t(17) = 10.07, p < 0.001; Inventory items:mean = 4.16,
SD = 1.17, t(17) = 5.61, p < 0.001 and Rules: mean = 4.02, SD = 1.35, t(17) = 4.27,
p < 0.001) significantly above mediocre.

3.3.2 The Race
Game Experience. Participants’ ratings for this game were significantly above med-
iocre for the Competence, Sensory & Imaginative Immersion, and Positive Affect
subscales of the GEQ Core module. In contrast, participants rated the game signifi-
cantly below mediocre on the subscales Tension/Annoyance, Challenge, and Negative
Affect. Also, we did not find a significant difference to mediocre for the Flow subscale.

Overall Experience. For The Race ratings significantly above mediocre indicated
that participants rated their game experience somewhat as playing (Q1: mean = 4.16,
SD = 1.03; t(16) = 5.64, p < 0.001) and not as a learning activity for which there was
no significant difference from mediocre (Q2: mean = 3.21, SD = 1.41; t(17) = 0.74,
p = 0.467). Furthermore, ratings significantly above mediocre reflected that they would
likely recommend the game to a friend (Q3: mean = 3.91, SD = 1.12; t(16) = 4.09,
p < 0.001), and also would likely play it again in the future (Q4: mean = 4.09,
SD = 1.15; t(16) = 4.72, p < 0.001).
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Design Elements’ Evaluation. Overall, all five design elements of The Race were
positively rated scoring a mean of 4.02 (SD = 1.01). More specifically, participants
liked all five design elements (Board: mean = 4.08, SD = 1.08, t(16) = 5.03, p < 0.001;
Cards: mean = 3.75, SD = 1.20, t(16) = 3.13, p = 0.005; Game pieces: mean = 4.42,
SD = 1.08, t(16) = 6.58, p < 0.001; Inventory items: mean = 3.91, SD = 1.22,
t(16) = 3.72, p = 0.001 and Rules: mean =3.96, SD = 1.27, t(16) = 3.76, p = 0.001) as
reflected by ratings significantly above mediocre.

3.3.3 Patterns
Game Experience. Similarly to the results of the other two games, participants’ ratings
for Patterns were significantly above mediocre for the Competence, Sensory &
Imaginative Immersion, and Positive affect subscales of the GEQ Core module. Again,
ratings for the Tension/Annoyance, Challenge, and Negative Affect subscales were
significantly below mediocre. Also, we did not find a significant difference to mediocre
for the subscale Flow.

Overall Experience. Participants perceived the Patterns game somewhat as a
playing experience (Q1: mean = 3.93, SD = 1.24; t(15) = 4.92, p < 0.001) which was
again reflected by ratings above mediocre and with a marginally significant score as a
learning activity as well (Q3: mean = 3.42, SD = 1.43; t(17) = 1.94, p = 0.059).
Moreover, according to ratings above mediocre, participants reported that they would
likely recommend it to a friend (Q3: mean = 3.74, SD = 1.29; t(15) = 3.75, p = 0.001),
and also play the game again (Q4: mean = 4.10, SD = 1.30; t(15) = 5.58, p < 0.001).

Design Elements’ Evaluation. The design elements in Patterns scored a mean of
3.98 (SD = 1.01) on the 5-point Likert scale. The two design elements in the

Fig. 4. Students’ rating of GEQ subscales for each of the three games. On the y-axes mean
ratings of each subscales of the GEQ is represented. The y-axes refer to each of the subscales of
the GEQ (Comp = Competence; Immersion = Sensory & Imaginative Immersion; Flow = Flow;
Tension = Tension/Annoyance; Challenge = Challenge; NegAff = Negative Affect;
PosAff = Positive Affect). Error bars depict 1 standard error of the mean.
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questionnaire for Patterns scored positively as indicated by ratings significantly above
mediocre (Cards: mean = 4.00, SD = 1.05, t(15) = 6.27, p < 0.001; and Rules:
mean = 3.95, SD = 1.09, t(15) = 5.72, p < 0.001).

4 Discussion and Future Work

The present study aimed at evaluating game experience of primary school students in
the three games of Crabs & Turtles and thus complements a previous evaluation of
game experience in adults [16]. After evaluating the game experience in adults and
gathering overall positive results and valuable feedback, we completed the design of
the final prototype for our games and tested user experience in the actual target
group. We play-tested the games and collected data using the GEQ. Quantitative
analyses on the game users’ experience provided promising results regarding the
validity of our approach.

Table 1. Mean scores for core module of GEQ at phase 2, per game-based activity.

The Treasure Hunt

Competence 3.86 1.09 31 4.48 0.000 .923 .826
Sensory & imaginative immersion 3.82 1.11 31 4.17 0.000 .910 .891
Flow 3.26 1.07 31 1.39 0.174 .813 .866
Tension/annoyance 1.55 .96 31 −8.57 0.000 .890 .811
Challenge 1.92 .70 31 −8.76 0.000 .560 .745
Negative affect 1.58 .69 31 −11.69 0.000 .640 .712
Positive affect 4.20 1.06 31 6.38 0.000 .956 .797

The Race

Competence 3.60 .98 24 3.05 0.006 .799 .826
Sensory & imaginative immersion 3.60 1.09 24 2.77 0.011 .876 .891
Flow 3.13 .99 24 .676 0.506 .759 .866
Tension/annoyance 1.54 .71 24 −10.34 0.000 .546 .811
Challenge 2.00 .80 24 −6.20 0.000 .673 .745
Negative affect 1.81 .82 24 −7.28 0.000 .745 .712
Positive affect 4.13 .95 24 5.98 0.000 .938 .797

Patterns

Competence 3.49 1.03 42 3.12 0.003 .865 .826
Sensory & imaginative immersion 3.46 1.08 42 2.82 0.007 .871 .891
Flow 2.86 .99 42 −0.95 0.345 .771 .866
Tension/annoyance 1.43 .66 42 −15.72 0.000 .625 .811
Challenge 2.18 .75 42 −7.21 0.000 .592 .745
Negative affect 1.67 .87 42 −10.06 0.000 .752 .712
Positive affect 3.86 1.12 42 5.07 0.000 .928 .797
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Student participants rated their game experience after playing each game. Results
indicated an overall positive reception of the games. In particular, students reported
feeling competent and immersed while playing all three games, as well as experiencing
positive affect. On the other hand, the overall challenge was rated low. Importantly,
tension and negative affect ratings were also low for all three games. In addition, all
three games of Crabs & Turtles were experienced as a playing activity and students
would likely be willing to play again all three of them and recommend them to their
friends. Additionally, evaluation of the quality of design elements for each game was
rated highly positive. In summary, this indicates that we managed to implement CT
concepts into three gaming activities while achieving overall positive game experience
in children. However, the actual educational value of each of the games needs to be
investigated comprehensively and evaluated empirically in separate studies, which, in
fact, are currently being conducted in Germany.

The main aim of this study was the quantitative evaluation of primary school
students’ game experience in Crabs & Turtles to extend a previous evaluation in adults
[16]. The overall positive evaluation of game experience replicated in the target group
now allows for a comprehensive evaluation of cognitive and educational benefits when
playing the games. Although the overall results were positive, the rather low scores in
challenge and flow in all three games may not be optimal. Therefore, we plan to
provide a set of game instructions with multiple adaptations. For example, we will
facilitate selection of difficulty levels based on the number of players, so that the game
becomes adaptive to classroom conditions (e.g. few or many students) and to students’
game understanding (e.g. in case the game is understood well and game play seems
easy, rules could become gradually more challenging while playing). We also plan to
adapt a challenging game mechanic in The Race that will foster competition between
the teams at every round of the game by allowing all the teams to solve the riddle as
fast as possible.

Future studies are planned with primary school students of 3rd and 4th grade to
evaluate learning outcomes of the three games and their educational effectiveness on
training CT-related skills. The three games, as part of a structured curriculum dedicated
to training CT [14], will be evaluated through a pre-/post-test study design using a
randomized field trial with a control group in 20 Hector Children’s Academies in
Baden-Wuerttemberg, Germany. Moreover, this forthcoming evaluation will aim at
investigating cognitive abilities underlying CT and possible transfer effects of the
course, using standardized cognitive tests to allow a diverse approach and definition of
CT. Finally, we aim at developing digital versions of our board games to allow for
individual dynamic adaptation of – for instance – the difficulty of the games.
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Abstract. The practice of self-reflection for some students is often thought of
as tedious and more often than not, even though the benefits of self-reflection
have long been documented, little time is given (to the fault of both students and
educators) to building upon the necessary skills required for aiding this process.
Dungeons and Dragons (D&D), a table-top roleplaying games system devel-
oped by Gygax and Arneson, utilises a host of game mechanics such as, but not
limited to: character creation, customisation, skills development, leveling over
time, story-telling and a game-masters feedback. Many of the game mechanics
in D&D, require the player to self-reflect on behalf of their character and
continually assess how they wish their character to develop for future game
sessions. Coupled with interactive feedback (visual/written/auditory/narrative-
development) that is provided throughout each game session from a game
master who leads the players through a pre-developed story, the basis of the
mechanics provides some similarities to a facilitator leading learners through an
assignment. In this paper, the authors present a playful example of how role-
playing games can be used to facilitate student self-reflection. A discussion of
the design, method and mid-pilot feedback of n = 11 students undertaking the
Dungeons & Dragons Self-Reflection Tool is presented alongside next stage
pilot trials and considerations of future work.

Keywords: Dungeons and Dragons � Self-reflection � Role-playing

1 Introduction

Self-reflection in education has been a prominent topic since Dewey [1] highlighted the
importance and affect that it can play in other areas of a learner’s development, such as
critical thinking, self-led learning and personal and professional development skills.
Dewey defined reflection in the context of education as;

“active, persistent and careful consideration of any belief or supposed form of knowledge in the
light of the grounds that support it and the further conclusion to which it tends” [1].

Other definitions of reflection [2, 3], offer up differing ideas on what reflection
should encompass, however they all agree, that to achieve deeper learning of a subject,
an understanding through critical analysis is required. Outside of this understanding
that reflection is an important method to develop connections between materials, taught
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matters and even episodes of failure, Moorefield [4] also indicates that self-reflection is
required as it involves the recognition and regulation of behaviour by taking the time to
think about it. Self-reflection as observed through the literature, is considered an
essential element of the learning process.

However, an issue commonly reported in regards to self-reflection development in
learners, is the lack of knowledge or time to achieve reflection in terms of Dewey’s set
out definition; that it should be active and persistent [5]. If a learner exhibits reflective
practice, all too often it is not a consistent custom in which the learner leads the
exercise. There is a need to ensure that reflection is built into the learning materials in a
way that makes it a crucial element to the learning process, and in short that the learners
accept that it is a valuable component of their learning. Following on from this,
Zimmerman [6] believed that in order for students to become self-regulated learners, it
is imperative that reflection skills are developed and honed in an effort to sustain this
practice.

Role Playing Games (RPG’s) are currently being utilised in educational settings,
but mainly seem to be developed or used through the medium of digital games closer to
the style of World of Warcraft, a Massively Multi-Player Online Role-Playing Game
(MMORPG) [7]. One such example of such games is that of ClassCraft [8], a game
designed in this digital style for primary school age learners. ClassCraft employs a
range of RPG mechanics such as the building and development of characters, levels,
quests and goal setting and layered reward structures. ClassCraft has been seen, to be
hugely popular with this age group and has shown that these types of game mechanics
can engage and help students on their learning journey [9]. Other studies have shown
that University level students playing RPG’s in place of traditional lecturers found that
81% of 230 students would use this method again [10]. This lays a foundation in which
to try and understand in greater depth what and which RPG mechanics are useful for
supporting students and which are not so accepted, especially with students in a higher
education setting.

In light of the theory and their own practice observations, the authors were
therefore keen to explore methods that could make the process of self-reflection more
appealing and that could be built into a module from a position of a primary functional
role, rather than a secondary afterthought. It was essential that whatever was developed,
would fit easily and be relevant to their teaching within a University setting.

Dungeons and Dragons (D&D) by Gygax and Arneson [11], is a table top role-
playing game in which players are asked first and fore mostly to create their character.
During this process, a player reflects on who they want to play during the game,
selecting a series of skills and feats that makes up their character’s composition. Players
are asked to roll a number of dice to then determine how many points they have to put
towards their character’s attributes. These attributes are: Strength, Charisma, Intelli-
gence, Wisdom, Constitution and Dexterity. Throughout the game, these attributes are
used to allow player characters to do actions; the higher the point score in each
attribute, the more chance a player has on accomplishing a task that they want to do.

It is this method of creating a character, reflecting on attributes and using the D&D
‘Monster Manual’ system, that the authors have chosen to develop into a gamified
reflection process that is used to help students assess their strengths and weaknesses at
the start of a module and then actively troubleshoot through their progress through the
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module. This D&D method was chosen for the use of several interesting game ele-
ments, including both the character attributes which were first implemented in D&D
systems and the ‘Monster Manual’ system that could support the reflection of student
issues. This paper provides an overview of the design process and midway pilot
feedback from participating students of a second-year University module on Design
Thinking. It also presents a first look at an online tool that supports the ‘monster’
reflection process which was developed using a participatory approach to design and
development.

2 Dungeons and Dragons Reflection Tool Design

Using the Disruptive Media Learning Lab’s, GameChangers: ‘Remixing Play into a
Gameplan’ [12] open course workshop, the authors set about developing the main
principles of D&D into a system that could be used to help facilitate student self-
reflection in an interesting and entertaining way.

The design of the tool started out with an inspection of the mechanics of D&D and
a planning session of how it was to work in a University module setting. Character
development via character sheets, character attributes, enemies and team-based role-
play/narrative were some of the main factors that make up the game of D&D.

Nine stages of design considerations (documented below) were then put together to
make up the basis of the self-reflection tool. This tool was developed to encourage
group working within a problem-based scenario delivery style setting [13].

2.1 Journals and Character Sheets (Step 1)

A popular reflection method to help students critically review their progress over a
period of time is that of a journal. Journal writing is thought to enable students to
process their learning and help them to reflect and build their own strategies to help
towards personal development [14–16]. The idea of giving the students a journal to
write their reflections in, fits the theme of D&D quite well, as the game is all about
documenting progress over time. Journals given to students would be thematically and
aesthetically pleasing to help develop students sense of ownership with the journal
writing tasks. Journals would also be used to keep the students character sheets in
safely and provide a chance for ongoing reflection that could be used as evidence (by
the student) to support their final assessment. It was designed so that it would support
lecturers to use the journals as an opportunity to provide written feedback, formative
assessments and view progress on a weekly basis.

Character development is a core component of the D&D game and all the infor-
mation relating to a character is kept on a player’s character sheet. In consideration of
this, it was required to develop a modified character sheet that could be used for
students to self-reflect upon and to keep with them over the course of the module.
Traditional D&D attributes such as Strength, Dexterity and Wisdom, would not be
suitable for the practice of self-reflection in relation to the learning content proposed
and were therefore developed to have more real world meaning to the students.
Attributes such as Creativity, Collaboration and Motivation replaced the original
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attributes on the modified character sheet. To encourage students to assess what they
want to achieve by the end of a module, the authors developed a section on the sheet to
include ‘Epic Quest’, where students could write down their main goals that they
wanted to achieve by the end of the module.

2.2 Roll Character Attributes (Step 2)

Students would be required to roll dice (just like D&D) and come up with a series of
stats for their character attributes that related to themselves. Students would be asked to
reflect on their current strengths and weaknesses and assign their dice stats to each
attribute, depending on how skillful they felt in each area. Attributes in the D&D world
are equal to Strength, Dexterity, Wisdom, Charisma, Intelligence and Constitution. In
this version, these attributes are assigned a real-world context into the following:
Motivation, Multi-Disciplinary Working, Creativity, Collaboration, Subject Knowl-
edge and Mental/Physical Wellbeing. This task is to help learners reflect on what skills
they currently have and what skills they would like to develop throughout the modules
course and was developed with the theoretical approach of using SWOT analysis for
reflection [17, 18]. Using the classic method for rolling attribute scores, students would
be required to roll four six-sided dice (4d6), dropping the lowest and adding the rest
together, giving an overall score. This is repeated six times with students then tasked
with completing the reflection task by arranging the numbers wherever they thought
was applicable next to the modified attributes.

2.3 Define Epic Quest and Outline Attributes to Work Towards (Step 3)

Students would be next required to think about what they wanted to achieve by the end
of the module. This would be known as their ‘Epic Quest’. Again, following the
method of SWOT analysis [17] but in a gamified capacity, this element would be used
for students to identify the ‘opportunities’ that lay ahead of them and identifying key
skills to develop. They are also required in this step to identify two attributes that they
wish to work on improving during their time on the module. The completion of the
‘Epic Quest’ can form part of the final reflection task at the end of the module and
should be done with the Dungeon Masters (Lecturers) guidance and supervision.
Students would be encouraged to convince the Dungeon Masters (DMs) that they have
succeeded in their quests, providing their journals as evidence.

2.4 Weekly Self-reflection (Step 4)

Each week, students will be asked after each lesson to independently choose and reflect
on each of the following in their personal journals:

Monsters
Students will be asked to identify at least one problem concerned with the ongoing
module work (this could be a personal development, team or project related problem)
and re-imagine it as a monster. They must reflect on why this ‘monster’ is causing
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issues for their learning and then pose solutions to overcome in order and defeat said
monster. This is a creative exercise for re-imagining self-reflection tasks.

Example: A student’s team has a problem with deciding on a particular issue to
address with their project. Their monster is the ‘sludge of indecision’. The student then
suggests that in order to overcome this monster, the team must meet on another day
and make a firm decision on which issue they are going to concentrate on.

Journal and Epic Quest Reflection
Students will be required to update their journal each week with the above sections
including reflections on problems and resources. Alongside these, comments and
reflections of their personal progress in class, with emphasis on how they are moving
forward in pursuit of their ‘Epic Quest’ goals and how they are working on approving
their chosen and/or other attributes. DMs can feedback in these journals and offer
guidance and a bit of story (if creative enough) on each student’s journey. They can
also award skill points that can be spent in the Feat Tree and/or offer suggestions in
other ways providing formative feedback each week.

3 Pilot

After obtaining ethics through Coventry Universities internal process, the pilot was
undertaken as part of a self-reflection task for a second year undergraduate, Advan-
tage + module. Advantage + modules are unique to Coventry University, and are
optional modules that undergraduate students can pick to complement their core
studies. These modules have a particular focus on developing employability and per-
sonal development skills. These modules run for a course of eleven weeks and are
flexible for the first three weeks in that students can have a taster of the module and if
they wish to try something else then they can move to different module. Due to the
nature of the course flexibility and timeframe limitations, selected elements from the
tool were used to trial within the pilot study. The authors choose to trial the modified
character sheet, journal and ‘monster’ reflection elements of the tool. The module that
the pilot was to be run in was titled ‘Design Thinking’. The module ran for 2 h on a
Wednesday evening for 11 weeks. Students on the ‘Design Thinking’ course are
expected to develop and produce a concept design for a playful, game or gamified
solution for a ‘real world’ problem of their choice. They must present their concept to
the rest of the class at the end of the 11 weeks and are marked on research and empathy,
creativity and practical application.

In week 1 of the module, following a welcome and introduction to the study via a
Power Point presentation, each student (n = 11) was given a modified character sheet
as shown in Fig. 1. Self-reflection was explained and highlighted to the students how it
was an important aspect of their learning process. Each aspect of the sheet was
explained, and the students were instructed on how to fill out each part of it. Students
were asked to roll dice to and come up with a series of stats for their character
attributes. It was made clear that their character sheets equaled them at the point
they are at now in their learning journey. Students were given the option of whether
they wanted to roll their attributes or take a baseline set of 15, 14, 13, 12, 11, 10.

Dungeons and Dragons as a Tool for Developing Student 105



Most students took the baseline with only 3 wanting to roll the dice. Students were
asked to reflect on their current strengths and weaknesses and assign their dice stats to
each attribute. The process was used to get the students thinking about themselves more
critically and used to highlight the student’s strengths and weaknesses. Once attributes
had been placed, the students were asked to think about why they chose the module and
the main thing that they wish to achieve at the end of it i.e. ‘Epic Quest’. They were
asked to identify two attributes that they were to work on improving during their time
on the module.

In week 2 of the module, students were presented with thematic journals for the
reflection task. They were told to place their character sheet inside and to bring the
journal each week to the class. The students were told that 20 min each lesson would
be set aside specifically for the reflection task. Each subsequent week till the end of the
module, students were asked to identify at least one problem concerned with the
ongoing module work in these 20 min sessions (they were told that this could be a
personal development, team or project related problem) and they were asked to pose a
solution in order to defeat the monster. A series of different monsters developed by the
authors were colour coded to the attributes as listed on the modified character sheet.
Students could pick and choose as many and whichever monsters that were relevant to
them that week. 20 min were then set aside each week in which the students conducted
a period of reflection using the monsters as the basis of the reflection task. They carried
out this task using their journals to write notes in.

4 Results

Early findings gained from mid-point group focus interviews from the pilot indicate
that the students (n = 11) overall found the process of using D&D as a reflection tool
useful, with comments such as: “It helps with motivation and I can reflect about it when
the class is finished”, “Help you to realise what’s there. Helps you to see things that you
should” and “Organises your thoughts and gives them a certain meaning so you can
follow them up step by step and at the end create something”. Those that had no
background in gaming, felt that the process had just enough gaming elements to make
it an interesting experience. However, those who had more experience in playing
games, wanted more from the game experience citing that there needed to be more of a
leveling up component to the process and that “It is interesting but it needs to be
expanded”. Other comments on this element included: “It was easy to understand but it
needs to be corrected to make time to improve the stats” and “If the stats were modified
by the person who knew about knowledge and learning it would be better”. Although it
was mentioned that the journals were “really nice”, all students who took part in the
group interviews indicated that they would have preferred an online version citing
“Instead of a physical journal, an electronic survey would be better. To do it in class”
and “We could edit points through a digital system that would be easier to manage”. As
a pilot, the findings are rudimentary, however it has offered some basic insight into
student acceptability and perceived use of some of the gamified elements of this study,
particularly surrounding the ‘monster reflection’ and the ‘character attributes’. These
two areas, were the two that were commented on positively the most by the students,
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with a clear desire for better access to the ‘monster reflection’ as an online tool. In order
to ensure more quality data is available on these game elements and the approach, a
larger study is needed for an in-depth analysis of student acceptance, perceived use and
usability.

5 Bothersome Beasties Online Self-reflection Website

In a response to the mid-point pilot feedback that the students would prefer an online
version of the ‘monster’ reflection task, the authors developed the tool ‘Bothersome
Beasties (and how to deal with them!) see Fig. 1 [21]. The tool is a free, open source
website that students can use anonymously to document their monsters. Redefined as
‘Beasties’, the tool acts as an online version of a ‘monster manual’ in which students
are asked to reframe their issues as ‘Beasties’. This was taken directly from the activity
of selecting a ‘monster’ to reflect on in class and updated to reflect the students desire
for an online tool. Students can now build and create their own ‘Monster’ to better
reflect on their needs and are not limited to the original six that were developed for the
classroom activities. The compendium then acts as a guide in which students from
across any number of modules can view other student’s issues and comment on them in
a helpful way. Further development and refinement on this approach is needed and
hoped to be used as part of the next version of trials. Currently the Bothersome Beasties
tool can be found here: http://creditcontinue.coventry.domains/beasties/

Fig. 1. Bothersome beasties website for self-reflection.
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6 Conclusions

The authors have presented an overview of the design of the Dungeons & Dragons
reflection tool, method of pilot and delivery and mid-point findings. Although early
feedback from the students suggest that there are some positive results to using this
method for reflection, there are several areas that need revising, including additional
development of a gamified or full game system to accompany the character sheets and
an online method of delivery/editing of reflections (addressed via Bothersome Beast-
ies). However, since the pilot only focused on some aspects of the tools design, it is
possible that the addition of some of the other game elements such as the leveling up
system that was originally designed, would have addressed the student feedback
regarding additional structure and modification of the attribute stats. More time and
adequate attention to develop the leveling up approach in the style of D&D could help
to address this area of the study in line with student feedback, and further development
in general of all of the steps taking into account student desires for these tools to be
easily accessible online. The desire for easy access has been one of the key insights to
this project as traditional D&D is usually managed through a paper-based system.
However, this was an area where students felt they needed more control of access and
management of the system.

Taking this mid-way feedback into consideration, the authors will look to develop
further on these insights with the project and iteratively work the student suggestions
into the next design and testing phase. Key to this early feedback through is that there is
evidence to suggest that there is some use in using this method as a more engaging
alternative to aid and build reflection skills with higher education level students. Work
is ongoing on this study with the pilot finished at time of print. Following student
feedback, an online version of the ‘monster’ reflection process has been created titled:
‘Bothersome Beasties and how to deal with them’ [21]. Further work on the modified
character sheet and the game process is currently underway with a view to piloting the
online version in September 2018.
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Abstract. People are frequently confronted with scams; swindlers try-
ing to gain your trust to get hold of your personal information, money or
belongings. Elderly people are especially vulnerable to these tricks, that
typically occur at the front door, street or on the phone. We have devel-
oped a virtual training environment to teach people how to handle these
situations and learn them to increase their verbal resilience. The training
is implemented as a tablet application and consists of six scenarios that
are likely to occur in daily life. Participants are placed in a dialogue with
a virtual character and may interact by choosing an answer from a fixed
multiple-choice menu or by speaking the answer aloud. A speech recog-
nition module is able to detect the level of assertiveness and provides
immediate feedback to the user’s performance. In this paper, we present
the implementation of the virtual training application. To evaluate the
prototype a focus group was organized, consisting of potential end users.
The outcomes were mainly positive and the provided feedback will be
incorporated into the final version.

Keywords: Serious gaming · Learning · User study

1 Introduction

When a con artist tells you a convincing but fraudulent story in order to enter
your house and/or rob you this is called a doorstep scam. Doorstep scams
frequently happen, numerous news reports about different stories exist. Since
doorstep scams often have a high (emotional) impact, various campaigns try
to educate people on this topic in order to prevent doorstep scams from hap-
pening (e.g. ‘Spot it, Stop it’1). Such campaigns focus at behavioral aspects
of the prevention of doorstep scams. Doorstep scams are acknowledged by the
Dutch ministry of Safety and Justice as high impact crimes. Because of this,
1 www.ageuk.org.uk/information-advice/money-legal/scams-fraud/doorstep-scams/.
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and because existing campaigns are not enough, they funded research towards a
virtual doorstep scam resilience training. This research is executed in collabora-
tion with a large Dutch elderly organization called KBO-PCOB2. In a previous
paper [8], we proposed the idea of a serious game for training of verbal resilience
to high-risk doorstep scams. That paper describes how a virtual training can be
used to improve people in their verbal resilience in order to prevent doorstep
scams from having negative outcomes. The target group for this virtual training
is high-risk victims; for doorstep scams these are elderly people. A training with
virtual agents offers multiple advantages, among which are the low costs and the
repeatability, comparing it to training with actors. This has already been shown
in research in other domains, such as [1,2].

The current paper describes the implementation of the serious game and is
organized as follows: First, an overview of related work is given, followed by
a detailed description of the different aspects of the implementation. A first
evaluation of the prototype is described in Sect. 4. The paper ends with the
conclusion and discussion.

2 Related Work

Doorstep scams mostly happen at the front door, on the street, or on the phone.
The goal of a doorstep scam is often to rob or get sensitive information from
the victim. The content of doorstep scams is studied in [8]. A list of frequently
encountered doorstep scam stories was created, based on a field research, which
lies at the basis of the created scenarios. From all the discussed scenarios, the six
most encountered scenarios are chosen for the application. Two scenarios take
place at the front door, two scenarios take place on the street, and two scenarios
take place on the phone. The scenarios are described in more detail in [8].

A specific skill that is beneficial for the resilience against doorstep scams is
assertiveness: behaving confident and daring to say what you think or believe3.
Various interventions exist to improve people in their assertiveness. Increasing
the refusal of an unreasonable request can be done by verbal modeling and
therapist coaching [9]. Being able to refuse such a request is an important skill for
doorstep scams. Refusing can be done in various ways, among which are simply
saying no, but also refusing by changing the subject [12]. Both the different verbal
strategies that can be used as well as the need to be assertive while refusing,
need to be present in a prevention program in order to teach students to resist
indirect and direct pressures to engage in negative behaviors [10]. It is important
that the verbal strategies are practiced in specific situations, although nonverbal
assertive skills can be used for different situations [12].

Being assertive is also reflected in the way someone speaks, which will also
be addressed in the application that is built. For example, speaking firmly or
authoritative [11] or the medium latency of the response [4] are associated with
an assertive way to use your voice.
2 www.kbo-pcob.nl.
3 Definition: dictionary.cambridge.org/dictionary/english/assertive.

www.kbo-pcob.nl
http://dictionary.cambridge.org/dictionary/english/assertive
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However, so far no comparable interventions for elderly people have been
found to improve their resilience against (doorstep) scams. Serious games for
elderly are often exergames, games in which the player has to perform some sort
of physical activity. These games promote active aging or aim to help people with
physical problems, such as balance or postural control problems with the use of
Nintendo Wii Fit, together with the Balance Board (e.g. [7]) or the Xbox Kinect
(such as [14]). Besides exergames, there are serious games for elderly people that
help to improve their cognitive abilities, via brain training games such as Smart
Thinker [3]. Other serious games for elderly aim to promote social activities, e.g.
SilverGame [13].

3 Implementation

The three dimensional environment, which is described in more detail in Sect. 3.2,
as well as the user interface for the application are created in the game-engine
Unity4. In order to program the application various C# scripts are written.

The application starts with a main menu with four different options: scenar-
ios, scores, explanation, and credits. On the scores pages the player can find their
top ten scores and the average number of stars received for each scenario. It is
also possible to reset all the scores. How the scores are calculated is described
in Sect. 3.3. The scenarios, both their content as their functioning, are described
in Sect. 3.1.

3.1 Scenarios

The player can choose from six scenarios described in [8], these are played from
a first person perspective. The gender of the avatar is chosen randomly by the
application. Besides this, the player can choose to play using speech analysis or
not, in order to train the assertiveness of his/her voice. The speech analysis is
only available when playing with a network connection and is, if connected, by
default turned on. The speech analysis is further explained in Sect. 3.4.

Figure 1 shows the flow of the application when playing a scenario. First, the
scenario is set up: the camera is moved to the correct location in the environ-
ment, and the gender of the avatar and/or voice are randomly chosen. When
the scenario needs an avatar (this is the case when it is not a phone scenario),
this avatar is activated. Finally, the intro animation is played. For each type of
scenario (door, street or phone) another intro is used. In the case of the door
scenario the doorbell is rang, the door is opened and the camera moves a bit
forward. For the street scenarios the camera and an animated dog, placed close
to the camera to represent the players dog, move towards the avatar. In case of
the phone scenarios a ring tone is played after which the screen of the phone
placed in the environment changes, representing an incoming call.

The scenario always starts with the virtual opponent, the speech is played
together with face and body animations (if needed). After the turn of the virtual
4 www.unity3d.com/.

www.unity3d.com/
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Fig. 1. Flowchart of the application when playing a scenario

opponent the player generally has four possible responses to choose from. One
of these responses is to repeat the last turn (this response is only available if
the virtual opponent has said something in the previous turn). This response is
added to accommodate the target user group. The other responses influence the
progress of the scenario.

Figure 2 shows a screenshot of the application when the player has reached
a choice moment, during the energy scenario at the door. At the bottom of
the screen the four possible reactions are visible, the bottom one is the repeat
option, the other three options are randomly ordered. In the upper right corner
the gauge for the speech analysis, showing the players last speech analysis score.

The scenarios can be represented in flowcharts, Fig. 3 shows such a flowchart
for a scenario. The blue rectangles show the avatar’s dialogue, the red rectan-
gle shows a negative end state with the dialogue of the avatar. The rounded
rectangles show the possible reactions of the player, the color of the rectangle
represents the rating of the response. For some reactions of the player there are
two outgoing arrows with conditions. These conditions are used by the speech
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Fig. 2. Screenshot of a choice moment in the application

Fig. 3. Part of a (translated) flowchart for a scenario

analysis and indicate what the influence of the assertiveness of the players voice
is on the progress of the scenario.
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When the speech analysis module is turned on, a few more steps are taken
before continuing with the scenario.5 Right after choosing a response (other than
the repeat option) all the other responses disappear and a countdown is shown,
after which the recording automatically starts. The player is instructed by the
game to read their response aloud. The recording automatically stops after a
certain time of silence. The reaction of the virtual opponent in the next turn is
determined by the response the player made and the score of the speech analysis
(more on this in Sect. 3.4). If the reaction of the virtual opponent is not an end
dialogue, the player will again be able to choose from different reactions. If an end
dialogue is played the outtro of the scenario is played after that dialogue. This
can either be closing the door (door scenarios), walking away (street scenarios),
or a hung up sound (phone scenario).

When the scenario has ended the player is asked whether or not he/she
would call the emergency number in such a situation, the rationale behind this
is described in [8]. After this the player will receive feedback on their choices
and see its score. This feedback is divided in three categories: general feedback,
extended feedback and tips. For all feedback a ‘read aloud’ option is available.
Section 3.3 discusses how the feedback and score are established.

The flow of the application is programmed in a general way, so that it is
easy to add or change the content of the scenarios. The scenario specific con-
tent (avatars, dialogues, responses, tips, and feedback) are therefore stored in
a database. By linking the code to the database the specific content is shown
within the application. An overview of all the databases and the data stored in
these databases can be found in Table 1.

3.2 Virtual Avatars and Environment

For each scenario at the doorstep and on the street, a male and female avatar are
created, resulting in a set of eight different avatars. For the two scenarios at the
front door the company uniform of two Dutch companies is manually recreated.
For the scenarios on the street modern clothes are chosen for the avatars.

In order to animate the avatars iClone6 is used. Both default animations
and manually created animations are used as body animations. For the face
animations, Facial Motion Capture7 software, with a plug-in for iClone, is used.
During two recording sessions a male and a female actor their face expressions
were recorded while also recording the voice for the different dialogues. Their
voices are also used for the scenarios that are not using a virtual agent (phone
scenarios). After recording the facial animations, some further editing was needed
in order to improve the animations. This was necessary because the results from
the Facial Motion Capture were insufficiently realistic.

The three dimensional environment used for the application features a small
part of a residential area and a partly decorated house. The environment is
5 Note: sometimes a response is an action instead of a verbal response, in these cases

the speech analysis step is always skipped.
6 www.reallusion.com/iclone/.
7 www.facewaretech.com.

www.reallusion.com/iclone/
www.facewaretech.com
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Table 1. Overview of all used databases

Database Description

Avatar This database contains the names of all the available avatars and links
them to the right scene (location) and scenario number

Dialogue This database contains all the turns of the virtual opponent. Storing:

- Scene number, scenario number and the dialogue ID

- Text of the dialogue

- The tip variable IDs that is turned false in this dialogue (if
applicable, more details on this in Sect. 3.3)

- The type of end state (if applicable)

- The body animation of the virtual avatar (if applicable)

Responses This database contains the responses that are linked to the dialogues.
Storing the following:

- Scene number, scenario number and the ID of the dialogue that the
response is corresponding with

- Text of the response

- The ID of the default next dialogue

- The threshold for the speech analysis score (if applicable)

- The ID of the next dialogue when the speech analysis score is below
the defined threshold, and the ID of the next dialogue when the score
is above the threshold (if applicable)

- The action (animation) linked to the response (if applicable)

- The type of response (2 = good, 1= average, 0 = bad)

- A boolean if there is speech analysis for this response (default = true)

Tip This database contains the tip variable IDs (corresponding with the
dialogue table), their name and text

Feedback This database contains the different types of outcomes. The IDs
correspond with the type of end state defined in the dialogue table.
Furthermore, it contains the name and the feedback text of the
outcomes

created in Unity, using various assets from the Unity Asset Store8. The virtual
avatars, including their body and facial animations are exported to Unity and
added to the environment.

3.3 Feedback and Score

After each scenario the player receives feedback. The general feedback, shown by
default, tells the player whether or not he/she has become a victim of a doorstep
scam. This feedback is therefore depending on the type of the end state of the

8 https://assetstore.unity.com/.

https://assetstore.unity.com/
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scenario, which is stored in the feedback database (see Table 1). Furthermore,
the general feedback encourages the player to further explore the other feedback.

The extended feedback includes a paragraph that is specific for the scenario.
It is therefore independent of the outcome reached by the player. Furthermore,
the extended feedback includes feedback on the choice the player made for the
call question. There are three different feedback texts available for this. The
first is for players who chose to call the emergency number, the second is for
people who did not choose to call the emergency number but did have a negative
outcome, and the last is for people who did not call the emergency number but
did also not become a victim in the scenario.

The most tailored feedback are the tips. In each scenario a number of variables
are defined, who are by default true. If a specific dialogue that is linked (which
is stored in the dialogue database) to a variable is played during the scenario,
this variable is set to false. For the variables that are still true at the end of the
scenario a tip is given to the player. The tips are showed in such an order that
they follow the progress of the scenario. An example is a variable about asking the
identification, this is linked to the dialogue where the virtual opponent shows its
identification. If this dialogue is not played during the scenario (so the variable is
still true and not set to false), the player receives feedback about this afterwards.

Besides feedback the player also receives a score at the end of each scenario.
The higher the score of the player, the better the performance during the training
was. The highest score is 105. The score is calculated using the average score for
the choices, the average score for the voice, a score for the result of the scenario,
and a bonus (of 5 points) if the emergency number is called.

Next to a score a player also gets a number of stars (0–5) for a scenario.
A player will receive one star if he/she earned more than 11 points during the
game, two stars for more than 33 points, three stars for more than 55 points, four
stars for more than 77 points, and the maximal number of five stars is achieved
when more than 100 points are earned during the game.

3.4 Speech Analysis

The speech analysis module is based on the Interpersonal Stances theory. This
concept stems from social psychology, and can be defined as ‘the ways in which
speakers and writers linguistically demonstrate their commitment to or attitudes
about a person or proposition’ [6]. The module classifies the speech in 2 types of
attitudes: Dominant (normally referred to as Above) and Submissive (Below).

A modified version of the openSmile9 toolkit extracts the voice features, while
an SVM algorithm classifies the extracted features into the categories. The SVM
model was built using 4-fold cross validation over a dataset with 681 sentences
of four people instructed in how to act into both categories. Details about the
algorithm and the SVM tuning are described in [5]. The final accuracy of the
module is 86.56%.

9 https://audeering.com/technology/opensmile/.

https://audeering.com/technology/opensmile/
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The recorded voice of the player is analyzed by the algorithm. The applica-
tion detects silence to determine when the recording ends. The ambient noise is
measured while people are using the application. Silence is defined as a period
of 3 s in which the volume is 20 decibels above the ambient noise volume max-
imum. The recording stops after 10 s or if silence is detected. The module runs
on a server, it receives the user’s voice and returns the classification status. In
case of communication failure, the client application ignores the voice informa-
tion and continues the dialogue without the speech analysis. The output of the
module is the confidence percentage between the 2 categories. The application
uses those values in the dialogue tree as described in Sect. 3.1. Figure 1 shows
how the speech analysis is embedded in the flow of the application.

4 Evaluation Prototype

To obtain feedback from potential end users on the prototype, we organized
a focus group at KBO-PCOB in Utrecht. This focus group consisted of five
security advisors voluntarily working for KBO-PCOB. All participants belong
to the group of potential end users, namely elderly. Two of the participants were
female and three were male.

The focus group started with general instructions about the application.
We explained how to start the application, introduced the different scenarios,
and told the participants how to use the speech analysis module. After the
instructions, all participants were provided a private practice space and a tablet.
They each had 30 min to test the application and try different options. After this,
we had a group discussion about their findings. This group discussion was based
on open questions to get qualitative feedback.

The participants all responded positively about the application. They
believed it is a nice addition to existing education on safety for elderly. They
recognized the scenarios as being most common to experience in daily life. They
especially saw added value of the application for group meetings in which elderly
can work together on the application and afterwards discuss this with the group.
They had some minor comments as well. For instance, they would like to see a
progress bar in the scenarios with speech analysis so they know how much time
they have left for recording their voice. Within those scenarios, they also wanted
the time the system takes to detect the end of their spoken input to be shorter.
Additionally, they would like to be able to go back within a scenario, to alter
their answers, and to go back to the tips/feedback menu when clicking a sce-
nario in the score screen. Finally, they would like to see more scenarios and they
preferred lighter colors. Based on these suggestions, we are currently working on
improving the application.
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5 Conclusion and Discussion

In this paper, a serious game for verbal resilience training was presented. The
training is specifically developed for elderly in order to teach them how to deal
with scams. Elderly form a high-risk demographic group, and are relatively often
confronted with scams, either on the phone, the street or at the front door.
The training allows them to practice different scenarios on a tablet. Within the
scenarios, the trainee is confronted with a virtual scam artist trying to convince
the trainee to either pay money, provide personal information or let him/her
inside the house. The trainee can interact with the virtual agent by choosing
an option from the fixed multiple-choice menu and by either clicking on this
answer or speaking the answer aloud. In the latter case, the speech recognition
module is able to detect the level of assertiveness in the recorded voice, providing
real-time feedback. Next to this, the trainees receive their score and feedback on
their performance including tips at the end of a scenario and they can view the
top ten scores and the average numbers of earned stars on a score page.

To evaluate the prototype we organized a focus group with potential end
users. They reacted positively towards the developed environment. They espe-
cially saw the added value in the possibility to train scenarios in larger settings
in which they can guide other users. They had some small remarks regarding
the speech recognition module, which will be addressed in the final version.
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Abstract. In the current paper we present the design process of an intrinsically
integrated educational game on Newtonian mechanics. The design is based on a
guiding frame in line with the intrinsic integration theory, which states that in a
game, learning goal and game goal should be aligned. This also results in an
alignment between a pedagogical approach and game mechanics. Our findings
suggest three guidelines within this guiding frame. First, the guiding frame
works in a specific order starting with forming a learning goal and ending with
the game goal. Also, to optimize the alignment between the learning goal and
the game goal, it should only be possible for players to reach the game goal
when the desired learning goal is reached. Finally, during the iterations of the
design process the focus is on aligning the pedagogical approach with the game
mechanics. This proved to be an essential but difficult step.

Keywords: Educational game � Intrinsic integration � Newtonian mechanics

1 Introduction

When we look at a person who is gaming, we see a person fully immersed to master the
game. Mastering the game means learning how to play the game. This learning occurs
whilst the player, fully immersed in the gaming experience, loses the sense of time and
surroundings, resulting in a state of flow [1]. This learning in a state of total immersion
is in sharp contrast with the commonly observed lack of engagement in formal edu-
cation. So, could it be possible to use this immersed learning that occurs whilst playing
a game in formal education?

In the past decades, research focusing on using educational games has increased
[2]. Research focusing on motivational effects show that educational games sometimes
show an increase in intrinsic motivation of students as compared to participating in
other instructional activities. However, a meta-analysis [3] shows that educational
games in general do not yield positive motivational effects on students. Research
focusing on cognitive effects of educational games, on the other hand, show promising
results in general [2, 4]. However, the results of individual educational games remain
inconsistent. This leads to the question why some educational games yield learning
effects and others do not. Of course there could be many factors contributing to the
absence or presence of a learning effect. In this paper we investigate the influence of the
game design itself.
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Several studies have been devoted to gain insight on the design process and dif-
ferent design elements of an educational game [2, 5–7]. Although this research has led
to some interesting insights, much of how to design a good educational game remains
unclear.

In the present study we aim to elucidate some design principles by describing the
design process of an educational game on Newtonian mechanics. In our analysis of the
step by step design process, we search for overarching design guidelines that can be
transferred to the design process of other educational games.

The next section presents the theoretical substantiation of the designed educational
game, which leads to the research question. Subsequently, the research question will be
addressed in a case study that will describe the design process of the game.

2 Theoretical Substantiation

2.1 Educational Game Goals

Every game has a game goal, for instance, freeing a princess, collecting stars or simply
surviving. To reach the game goal, players interact with the game through game
mechanics and game attributes. Sicart [8] defines game mechanics as ‘methods invoked
by agents, designed for interaction with the game state’ [8]. Examples of game
mechanics are jumping, trading and climbing. Game mechanics thus describe an
interaction between the player and the game. Game attributes are visualizations of
game properties, such as stamina. For instance, a player is only able to climb a wall
with enough stamina. In this case the player needs a visualization of their stamina, in a
meter for instance, in order to make a decision to continue climbing. Game attributes
and game mechanics are strongly connected and essential in reaching the game goal.

In an educational activity, students need to reach a certain learning goal. This
means that if a game is to be used as an educational activity, it should always have two
goals. So apart from the game goal, the learning goal of an educational game is that
players need to learn something of value outside the game context. Within the game
context players learn in order to master the game, whereas an educational game aims at
learning for a broader context.

2.2 Intrinsic Integration

When designing an educational game, most educators or educational researchers tend
to focus on the educational aspects of the game, making sure that the educational
content is all there [9]. Then an educator usually adds game properties (such as adding
points or a narrative) to make the game more engaging. This approach, however, can
easily lead to a discrepancy between learning goal and the game goal. This could result
in an unsuccessful educational game [5]. To make this discrepancy as small as possible,
the additional educational learning should be integrated with the learning that occurs
anyway whilst playing a game, the learning of how to play the game.

124 A. van der Linden et al.



This integration of educational learning with the game mechanics is referred to as
intrinsic integration. Intrinsic integration in a game is thus defined as subject matter and
game mechanics being integrated within the same game idea [10]. Several studies
focused on integrating learning content with game environments [5, 6, 11, 12].
However, it proves to be quite challenging to integrate learning with game mechanics
while not affecting the enjoyability of games [11].

2.3 Pedagogical Approach

Any educational activity requires an underlying pedagogical approach. A pedagogical
approach describes the steps that are seen as important in achieving the learning goal of
the game. This means that the game mechanics should be designed in such a way that
students will perform thinking activities relevant for learning. For instance, the game
mechanics may be such that a real-life situation is mimicked, or that some kind of
planning is required that has relevance for the learning goal.

The aim of the current paper is to investigate the way intrinsic integration can be
reached, by aligning game goal and learning goal as well as game mechanics and
pedagogical approach. We did this in the context of designing a game for learning
elementary Newtonian mechanics.

2.4 Research Question and Hypothesis

The main research question in this paper is: How can an educational game be designed
where learning is integrated with the game mechanics?

Our hypothesis on designing an intrinsically integrated game is shown in Fig. 1. To
optimize the learning effect of an educational game, it is important to align the learning
goal with the game goal. Only if the desired learning goal is reached should it be
possible for players to reach the game goal. This alignment is in line with the intrinsic
integration theory [10]. To optimize this effect, we propose an additional alignment
between a pedagogical approach and game mechanics.

Fig. 1. Guiding frame on alignment between the game goal, learning goal, pedagogical
approach and game mechanics.
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3 Design Process: Newton’s Race

3.1 Concretize the Hypothesis

The design process followed the basic hypothesized elements. First the hypothesis was
made concrete by instantiating the learning goal, pedagogical approach, game
mechanics and game goal. The results lead to an initial design that was tested on a
small scale in two iterations leading to several modifications. The final design was
pilot tested on a group of 73 9th grade students, using a pre- and post-test quasi-
experimental design.

Learning Goal. The guiding frame (Fig. 1) is used from an educators point of view.
As with designing any learning activity, we started with determining the subject matter
and thus establishing the learning goal. The subject of Newton’s laws was chosen not
only because of their importance in the secondary school curriculum but also because
the persistence of student’s preconceptions resulting in conceptual challenges [13]. In
the present research, we define preconceptions as pre-existing ideas based on daily life
experiences. One of the conceptual challenges within Newton’s laws is that force is
proportional with acceleration, not with speed [14]. This means that an object can move
without working forces on it and if there is a net force working on an object the object
is not just in motion, it is accelerating (or decelerating). The learning goal that matches
with this conceptual challenge is that students can understand the effect of forces on
different motions. This implies that students can predict motions with given forces and
that they can explain the effects of forces when given a certain motion.

Pedagogical Approach. Research has shown that in the case of force and motion,
student’s preconceptions are quite persistent [13]. Therefore the need to face students
with their preconceptions is essential [15–17]. This lead to the choice for the problem
posing approach as the pedagogical foundation. In the problem posing approach sit-
uations are created in which preconceptions are no longer adequate explanations [18].
The key element of this approach is that students put their preconceptions into the
learning activity and experience the effects of those preconceptions. When they are
confronted with something that counters their expectations, ideally, they should see the
need for new theories to alter their preconceptions.

However, in our real world, students are not able to test all preconceptions, because
our world provides a single case in which parameters of the general physical theories,
such as friction, are fixed. The advantage of a digital environment is that the effects of
students actions can be simulated with high precision, including movements without
friction. In this case, students should be able to alter forces working on an object
resulting in different motions.

Game Mechanics. A brainstorm session resulted in two possible genres for our game:
puzzle and race. For the problem posing approach, it is important that players truly
experience the consequences of their ideas and concepts. Therefore, the game
mechanics should provide a so-called setting phase where players can incorporate their
own ideas. Therefore, the game mechanic of setting a force on an object is needed.
Then players need to experience the effects of their choice, thus a design is needed were
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players can clearly see the effects of those forces on the motion of the chosen object.
Therefore, a race-like environment seemed fitting with our chosen pedagogical
approach. Some other game mechanics that fit with a race game are: navigating through
levels and steering.

Game Goal. Traditionally, the goal of a race game is to reach the end of a level as
soon as possible. However, that would not fit our chosen learning goal, as the mim-
icking of a realistic, rather than a fast, movement is paramount. A more fitting game
goal then would be to just finish a trajectory. To truly show effects of forces, a non-
motorized object, a ball, was chosen for students to complete the trajectory with. A ball
is a very familiar object that everybody knows. Thus, players will have experiences
with possible motions a ball can make (after one kick, the ball will start to move,
followed by a decrease in speed). A conflict with this expectation should occur when
players select an scientifically incorrect setting in the setting phase. Ideally, this conflict
results in failure to reach the end and this should prompt alteration of their precon-
ception to scientific reasoning. This means that the learning goal of understanding the
effects of forces resulting in different motions should be reached. Players then should
select the scientifically correct setting and only then are able to finish the trajectory.

3.2 Initial Game Design and Playtesting

In order to seek balance between students’ skills and the challenges of the game and
thus trying to reach the desired state of flow [1] eight levels of increasing difficulty were
included to the game. Each level consists of a different trajectory, starting with easier
levels (no friction, straight path) building op to levels with turns, multiple surfaces
(different frictions) and green and red platforms where the ball receives additional kicks
respectively in the direction of motion or against the direction of motion. For each level
the same game goal applies (get the ball to the finish line).

In the setting phase at the beginning of each level players decide if there is a
constant force (Fconstant) working on the ball to keep it moving after receiving an initial
kick. They can set a value for that force by using a scrollbar. Whenever the ball
receives a kick, a pow-icon is shown (see Fig. 2), so that students could see how and
where a force is working on the ball. If a scientifically incorrect setting is chosen, the
speed of the ball will be too high in turns of the trajectory. Therefore, the ball will fall
off and that the game goal cannot be reached.

To strengthen players’ experience of motions resulting from their preconceptions, it
is important that the kind of motion (acceleration, deceleration, constant speed) of the
ball is clearly visible. To make sure players could see the type of motion, several game
attributes were added. As shown in Fig. 3, an accelerometer, speedometer and a tail
proportional with speed were added to the game.

In order to complete trajectories, players need to be able to change the balls
direction. This action must be scientifically correct. Therefore, players can give the ball
a sideways kick (using arrow keys), perpendicular to the direction of motion.

To make the game more interactive and add some competition, the challenge of
collecting coins was added. The coins were placed in such a way that the trajectory
should become more difficult. For instance, coins were placed at harder to reach places,
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such as the inside of turns. Also, as conventional in race games, an overview map was
added for players to anticipate on the trajectory.

In summary, the game design consists of two game mechanics within each level:
setting a force and changing direction of the ball. The first mechanic is essential for the
alignment with the pedagogical approach. To strengthen the effect of the pedagogical
approach, game attributes were added to make the kind of motion visible. The second
mechanic is needed to reach the game goal, since there are turns in the trajectories. In
addition to the turns, collecting coins and green and red platforms were added to
provide challenge for the players.

At this point a demo version (four levels) of the game was tested. Note that with
every iteration bugs were eliminated, the game’s interface was optimized and difficulty
adjustments were made to optimize flow. Only results regarding the game’s content
will be discussed. This playtest showed a problem with the introductory texts in the
setting phase of each level. Due to the length of the texts players were reluctant to read
it or did not read it at all, resulting in not knowing what to do in a level.

Fig. 3. A snapshot of level 3 with the setting: Fconstant = 0N. In the upper left corner, the
accelerometer is visible, the speedometer in the down left corner and the tail is visible behind the
ball. The overview map is visible in the upper right corner.

Fig. 2. The pow-icon when the ball receives a kick
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3.3 First Version

For the next version of the game (eight levels) the introductory texts were adjusted so
that they only contained important information regarding completing a level. This
version was tested with thirty 10th grade students, aged between 15 and 16.

Results showed three issues with the game. First, none of the players could finish
level eight. In this level students were also able to set a value for the mass of the ball.
This extra setting provided players with too many options, making the level too dif-
ficult. A mass adjustment was not essential to our learning goal, therefore this level was
deleted for the following version of the game.

Second, there were doubts as to if students saw the difference between a motion
with Fconstant (acceleration or constant speed, depending on the value of friction) and
without Fconstant (deceleration). In the next version students played the level twice, once
with each setting. A fitting adjustment would be playing the same level twice, with
these different settings.

Finally, most importantly, it appeared to be unclear for the players that by using the
arrow keys to change the balls direction of motion, a small force was exerted on the
ball. This indicates a discrepancy between the pedagogical approach and game
mechanics. For the pedagogical approach it is necessary that students understand that
they need to exert a force on the ball in order to change its direction. To make this more
explicit, giving the ball a force needs to be visible. In an attempt to show this, another
pow-icon was added whenever the arrow keys are used change the ball’s direction,
shown in Fig. 4. With this added icon students are more likely to link changes in
direction due to a kick, instead of an internal steering system, as is traditional in a
racing game.

3.4 Pilot

The three adjustments were implemented for the pilot study. A quasi-experimental pre-
and post-test design was used to evaluate the latest version on learning and motiva-
tional effects. The game was tested in three groups (73 9th grade students in total). The
control group followed a traditional lesson, the game group only played the game and
the test group played the game followed by a classroom discussion. The duration of the
experiment in all groups was one lesson of 40 min including a pre- and post-test.

Fig. 4. The pow-icon when the ball receives a sideways kick.
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Results of the pilot showed a significant motivational effect between the two groups
who played the game and the control group. All groups did not yield a learning effect.
However, the game group scored significantly lower on the post-test than the other two
groups. The complete results of the pilot study go beyond the scope of the present
paper, these results are elaborated on elsewhere [19].

However, during the pilot we also found four important issues regarding the design
of the game:

1. The learning goal and the game goal are not sufficiently aligned. More experienced
gamers (with other games) could finish certain levels without the scientifically
correct setting, thus reaching the game goal. This probably means that these players
did not reach the desired learning goal.

2. Also, an issue was found with the alignment of the pedagogical approach and the
game mechanics. When a ball receives a sideways kick, the ball makes a parabolic
movement. This does not become clear in the game. This is probably due to the fact
that the trajectory is quite small, therefore there is no room for players to see the
parabolic movement. Also players still associate a change of the balls direction with
internal steering, not with acting forces. This indicates that a more clear game
attribute is needed to visualize acting forces.

3. As mentioned above, students who only played the game scored significantly lower
than students who played the game followed by a classroom discussion. This
indicates the importance of embedding the educational game in other learning
activities.

4. Players did not read texts, resulting in not understanding what to do in the setting
phase of the game.

The effects of the four issues on the game design and the relation with our
hypothesis will be elaborated on in the next section.

4 Discussion and Conclusion

4.1 Design Process

Our research question was: How can an educational game be designed where learning
is integrated with the game mechanics?

A guiding frame was presented (Fig. 1) fitting with the intrinsic integration theory.
Then we designed a game by concretizing this guiding frame. During this design
process we found three main guidelines fitting with the guiding frame. Firstly, we used
the guiding frame in a specific order. From an educators’ point of view, any design
process starts with forming a learning goal (step 1) and then finding a fitting peda-
gogical approach (step 2). Then we chose a suitable game genre from game mechanics
that strengthened the pedagogical approach (step 3). From these game mechanics
followed a game goal (step 4). The main implication is that in order to reach goal
alignment, alignment of the game mechanics with the pedagogical approach is
essential.

130 A. van der Linden et al.



Secondly, to truly align the learning goal to the game goal, it is necessary that the
game goal depends on the learning goal. This means that players must reach the
learning goal before as a necessity for reaching the game goal. Results of the pilot study
show that this is not trivial at all. Experienced gamers are able to finish a level without
the scientifically correct setting (Fconstant = 0N), whereas less experienced gamers have
difficulties finishing a level even with the correct setting. To make the discrepancy as
small as possible, the scrollbar in the setting phase could be changed to a setting system
with less options. Then it will not be possible for experienced players to set a small
Fconstant close to 0N and thus are not able to finish a level with a small constant force.
Finally, we also found that aligning the pedagogical approach with the game mechanics
was the most essential and difficult step. Therefore, this alignment was the focus during
the iterations. In our case a big challenge is the visualization of movement and forces.
With the learning goal on the relationship between forces and motion, it is important
that players understand when forces are working on the ball and what type of move-
ment (acceleration, deceleration or constant speed) the ball makes. Despite our efforts
during the pilot study, we found that the added sideways pow-icons for instance, still
did not reach the desired effect of understanding that a force is acting. Another chal-
lenge lies in the setting phase. Setting Fconstant is an essential game mechanic in order
for our pedagogical approach to work. However, with players reluctance of reading text
in the setting phase, this game mechanic is not optimally used. Even with the reduced
text in the pilot study, a trial and error approach is opted by most players.

To our knowledge, few educational games are made with a specific focus on the
alignment of game mechanics with a pedagogical approach. However, a clear peda-
gogical approach is needed to reach any learning goal. Therefore, we recommend
giving this alignment explicit attention during the design process. All this applies to
integrating the pedagogical approach within the game. In addition, with our hypothesis
(Fig. 1) in mind the pedagogical approach can also be (partly) offered outside the game
in additional learning activities. In this case the game should align with the other
learning activities, thus alignment between game mechanics and a pedagogical
approach is still necessary.

4.2 Further Research

Newton’s Race is an educational game still in development. The game can be improved
by adjusting mentioned issues. However, additional information is needed on how
players interpret and use the game attributes (such as the accelerometer and
speedometer) in order to improve the game further. In addition, research is needed on
the influence of objects exerting forces on the ball to improve the visualization of acting
forces.

Also, if Newton’s Race is going to be used in educational practice, additional
learning activities are needed. In line with Wouters and colleague’s [3] we found that
embedding the game in other learning activities is necessary for students to reach the
learning goal. However, it remains unclear what additional learning activities that
should be. Research is needed to suggest possible effective additional learning
activities.
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Abstract. In recent times, numerous researchers and educators have been
exploring playful learning with digital games in both formal and informal
contexts. This study explores the point of view of players on the relationship
between digital games and learning, based on a set of semi-structured interviews
and two workshops involving relevant stakeholder groups (players, teachers,
trainee teachers, and parents). Analysis of the gathered qualitative and quanti-
tative data reveals that both players and educators agree that games have edu-
cational potential, but the assumption of blanket learner enthusiasm for game
based learning is not always accurate. In particular, players have some resistance
towards serious games, which are seen as less appealing than “real” videogames.
In addition, some players and some teachers feel that the use of games in formal
learning contexts contradicts the fundamental freedom intrinsic to the act of
playing. Players are aware of the risks video-gaming presents, but they do not
appear to be fully aware of its learning potential, as most mention lower order
skills (memory, attention, reaction time) rather than academic knowledge and
soft skills. Some mention game potential for the development of their social,
cultural and gender identity, with consequential positive effects on their ethical
beliefs. Players also point out the importance of videogame education for
teachers, parents and for themselves. Lastly, they feel the need for innovation in
games that, through innovative game mechanics and narratives, enhances the
cultural and artistic component of games.

Keywords: Game-Based Learning � Players’ attitudes � Serious games �
Entertainment games � Informal learning � Formal learning

1 Introduction

Researchers and educators are increasingly interested in leveraging the potential of
digital games to boost student motivation and support learning. This is largely based on
the assumption that, as Gee puts it, “[games] allow people to recreate themselves in
new worlds and achieve recreation and deep learning at one and the same time” [1]. As
a field of research, game-based learning (GBL) involves the study of learning through
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both educational (serious) games and entertainment games deployed in both formal and
informal contexts. The Holy Grail of this quest is to identify the “fundamentally sound
learning principles” [1] that make games so motivating and effective and grasp how to
incorporate them effectively in learning and teaching processes in schools [2], work-
places, homes and other contexts where learning motivation and engagement cannot be
taken for granted.

Accordingly, many experimental studies seek evidence that, when compared to
“traditional” approaches and practices, GBL leads to increased learner motivation and
(hence) better learning. For example, Clark, Tanner-Smith and Killingsworth [3]
provide empirical evidence of the effectiveness of digital games and gamification on
learning in formal education, and identify a number of moderating variables. Indeed,
acceptance of the educational use of games and recognition of their potential for
learning seems to depend on a number of factors, some of which are target-related, such
as gender or age [4], while others are related to game features [5]. In addition, some
researchers [6] found a wear out effect of playful experiences in the classroom,
although this is mitigated by the competitive factor. At the same time, studies focusing
on gaming as a leisure activity reveal how learning can occur ‘incidentally’ through
gameplay. For example, Granic and colleagues [7] report extensive evidence for the
cognitive, social, emotional, and motivational benefits of gaming.

When it comes to serious games deployed in formal settings, countless experi-
mental studies claim positive results in terms of boosting the motivation to learn [8, 9].
However, Wouters and colleagues’ [10] meta-analysis of serious gaming found it to be
effective in terms of learning and retention, but not actually more motivating. Indeed,
while there appears to be a general implicit assumption that students welcome GBL,
some studies challenge this notion [11–13]. Although these authors use different
methods and terminology, they basically identify a common set of reasons why stu-
dents’ acceptance of GBL cannot be taken for granted. These can be grouped into two
categories: student perceptions of the usefulness, relevance, and opportunities video
games offer for learning; and perceived ease of use, media affinity, personal experience
and self-efficacy beliefs. All in all, these studies suggest that not all students respond
positively to GBL, highlighting individual differences in this regard.

Additionally, video gaming per se is held by some to entail certain risks, such as
inducing compulsive and even addictive play habits, hindering social interactions [14],
and fostering aggressive attitudes and behavior [15]. Leaving aside the question of
whether these risks are real or not, this paper investigates players’ beliefs about
learning through games and how they consider the idea of harnessing digital gaming
for learning [12].

Some researchers have investigated the perspective of teachers and parents [16]. By
contrast, the focus here is on the perception of players, including some who are (or are
training to be) teachers themselves. Accordingly, our data collection activities involved
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adult players1 and gained a sense of minors’ perspective by proxy via teachers and
parents. Our overarching research question was:

• What perception do players have of learning with digital (entertainment or serious)
games, whether in informal or informal learning contexts?

More specifically:

• Do they believe that some kind of learning takes place when they play for fun?
What benefits do they perceive, if any? Do they report issues related to videogame
play that may offset any perceived gains in terms of learning?

• What do they think about the use of games for learning in formal learning contexts?
What are the main factors that fuel their beliefs and possible resistances?

The study is based on qualitative and quantitative data collected in 2017 as part of
Gaming Horizons, a European research project funded by the Horizon 2020 program2.
This addressed broad issues of interest to a wide range of stakeholder groups. At the
same time, it yielded evidence providing new insights into how players in particular
view the potential that digital games offer for learning and the adoption of digital
gaming in teaching practice. In the following sections, we describe the context of the
study, the methods used, the results obtained and, finally, the conclusions reached.

1.1 Context

As mentioned above, this paper focuses on only one aspect among those studied in the
Gaming Horizons research project, namely the point of view of players on the rela-
tionship between games and learning. The overarching aim of Gaming Horizons was to
challenge the current prevailing vision of the role games occupy in society and in
learning, and to propose alternative framings [17]. Hence, the project included, but was
not limited to, the activities described in the following sections. It started with a meta-
literature review of educational, psychological and ethical aspects concerning the role
of digital games in society and their cultural and educational value [18]. Subsequently,
73 interviews were conducted with various stakeholders (game developers, policy
makers, teachers, players, and researchers selected at international level) on these same
themes [19]. Furthermore, a series of 15 workshops was held in Italy and UK,
involving representatives of the above stakeholder categories, plus parents. Alternative
framings were then formulated and presented in the form of online scenarios3 and a
manifesto [20].

The project activities that mostly inform this study are 25 interviews carried out
with players and educators, with further input coming from two of the workshops.
Thus, in the following section, we describe the method adopted for performing these
activities and for analyzing the data obtained. In the subsequent sections, we discuss
results and provide conclusive remarks.

1 Project funding regulations did not permit the involvement of minors.
2 https://www.gaminghorizons.eu/.
3 https://www.gaminghorizons.eu/scenarios.
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2 Method

2.1 Interviews

The interviews were one-on-one semi-structured interviews covering a wide range of
topics connected to project themes. They were carried out online and involved the use
of visual stimuli, namely the presentation of selected keywords intended to prompt
interviewee responses on certain key issues. Players and teachers were shown slightly
different keyword sets: while the former were mostly prompted to talk about their
relationship with games, what they like about them and what they believe can be learnt
from them, the focus of the teacher interviews was primarily on views and experiences
concerning the relationship between games and learning. Care was taken to ensure that
the visual stimuli did not imply a positive or negative position towards games and
gaming. That said, the interviewers actively sought interviewee responses in either
direction. The interviews lasted from 60 to 90 min, and were all recorded and tran-
scribed. The transcripts were subsequently analyzed using a common codebook and
coded with the NVivo qualitative data analysis software package.

Out of the 25 interviews, 13 were with adult players and 12 with teachers with solid
experience in the use of games for learning. The interviewees were recruited through
calls on relevant Facebook group pages, via other social networks, and also from
personal contacts. Care was taken to ensure acceptable gender representativeness and a
range of nationalities. Players’ age bracket was also considered as was school level for
teachers. Project regulations disallowed the involvement of people under 18, so school
students’ opinions of GBL could not be gained first-hand. However, the interviews
with teachers did yield observations about their students’ reactions to games in edu-
cation. It is for this reason that we included teachers interviews in our dataset.

2.2 Workshops

The aim of the 15 workshops carried out in Gaming Horizons was to elicit further
evidence on the positions of the project stakeholders about the themes that had emerged
in the interviews [19]. Out of these workshops, only two yielded information relevant
for this study. The first involved players and parents (not the players’ parents), while
the second addressed a population of trainee teachers, many of whom also described
themselves as players. In the following, we briefly outline the format of these two
workshops, referring to them respectively as the P&P and the TT workshop.

The P&P workshop was held in Genoa and participants were recruited locally.
Attendance was limited to players of adult age and parents of children who play
videogames. The workshop involved 13 participants (7 parents and 6 players), who
were divided into two groups with equal player/parent representation; these were
moderated by project researchers. To facilitate and scaffold interaction, each group was
invited to produce a poster that represented their discussion in the form of a flower (see
Fig. 1). The center of the flower was the core theme assigned to the group for
exploration; this was an Area of Tension (AoT), i.e. a contentious issue that had
emerged from the interviews. The two AoTs chosen for the P&P workshop groups
were (a) games and socialization and (b) regulation of gaming. Participants were asked
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to discuss the AoT and add post-its with their various positions and experiences,
subsequently grouped together in thematic petals around the center. They were also
asked to add a slogan encapsulating the overall thrust of the discussion (the stem) and
some recommendations for other stakeholders (the leaves). To conclude the workshop,
rapporteurs from each group presented and explained their poster, with space for
further comment and discussion from participants.

The data sources that project researchers later analyzed comprised (a) recordings of
the group discussions, (b) the outcome of the group work (the flower posters), and
(c) recordings of the rapporteurs’ presentations.

The TT workshop involved 70 trainee teachers from Genoa University’s School of
Education. Given the audience size, the Kahoot! application was used to collect par-
ticipants’ opinions on seven hot topics concerning the AoT: “Gaming and formal
education: a difficult marriage?”. Participants were asked a set of questions for profiling
purposes, and then presented with a list of contentious statements on which they were
required to express their level of agreement on a four-point scale. These stimuli provided
a springboard for subsequent discussion, which also encompassed similar statements
proposed by workshop participants themselves. After the event, data were downloaded
from the Kahoot! database and quantitatively analyzed.

Fig. 1. Poster produced by one of the groups in the P&P workshop.
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3 Results

3.1 Interviews Results

The outcomes from full analysis of all Gaming Horizons interviews are described in
detail by Persico and colleagues [19]. Here we focus on the positions expressed by
player interviewees, and also on student behaviors and beliefs as reported by inter-
viewed teachers. Analysis revealed three main interconnected areas of concern: the
potential of games (for learning and cultural/psychological development), their moti-
vating power and players’ acceptance of GBL, and risks connected to gameplay.

Potential. Analysis revealed that the potential of games for learning and development
is undisputed by the educators and players alike. However, while the former see this
potential mostly in the development of higher-order thinking skills (e.g., problem
solving, critical thinking, decision making), the latter mainly mention aspects like
improvement in memory, attention, reaction times and motor coordination. Only a few,
on second thoughts, recognize that games can stimulate higher order skills too (“I
always thought gaming had no influence on skills, or problem solving, but now that I’m
older I’ve seen it’s not like that. I mean, some kinds of games can help a lot in the
external strategy of how to act, and also on external perception agility”).

Prompted about their experience with knowledge acquisition in academic terms, the
players mostly mention applications for learning languages and scientific/technical
disciplines. Among transversal skills, collaboration and competition are the main focus.
(“They [games] have taught me both about the positives and the negatives for com-
petition I think.”). This clashes with the generally cautious attitude of the teachers, who
tend to shun competitive games in the classroom.

Several players advocated the cultural and artistic value of some games (“it’s kind
of like a new artistic medium that has yet to be fully experimented […] there are a lot of
[…] lovely interactive experiences that are very hard to define […] those are very
much like pieces of art that you could put in a gallery”).

Last but not least, interviewee responses point to the strong influence games can
have on the development of the cultural and gender identity of young players, with
consequential effects on ethical beliefs concerning social inclusion/exclusion in terms
of gender, race, ethnicity, religion, or sexual orientation (“[in] Clash of Queens the
strongest character is female and I’m really happy to finally see a woman who’s strong
and not just pretty. And that says it all”).

Acceptance and Motivation. With regard to games and learning, the players mostly
focus on informal learning through entertainment games, however some considerations
about acceptance of GBL in formal learning also emerged, and these mostly align with
teachers’ perceptions. Of course, acceptance and motivation depend on several aspects,
such as how and what games are proposed in the learning process, and the individual
preferences of students. For example, in line with the findings of Wang and Wang [4],
some teachers surmise differences between genders.

One player mentioned the need to strike a balance between free exploration and
guidance from teachers: (“the biggest mistake is [when] the player just has, like, an
open sand box and they don’t learn anything […]. You need some sort of guided thing
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in order to get something out of it […] [but]in my classes [the games] were too guided,
[…] [like] watching a video”).

In contrast with the widespread assumption that games foster motivation to learn,
few players supported this position. What is more, both teachers and players suggest
that acceptance of GBL in formal education cannot be taken for granted. Players
especially expressed skepticism towards serious games, characterized as being far less
engaging than commercial video games, to the point of not being “real” games:
(“Playing educational games that try and gamify learning, I think they really missed
the mark, because they’re not fun”). Some teachers share this opinion: (“Young people
nowadays are so used to a certain kind of gaming experience, that if you put a different
kind in front of them […] you don’t engage them”), adding that by definition play is a
free activity and so cannot be assigned as a task to perform: (“Imposing games on a
school or a school district or a curriculum is the wrong way of approaching it”).

Both interviewee groups viewed the use of commercial games for learning purposes
more favorably.

Risks. Many of the interviewees also discussed risks connected to gameplay and their
(un)educational implications. While neither the players nor the teachers seem to share
concerns expressed in the media that violent videogames can foster aggression (a link
not conclusively proven by scientific evidence), they discussed other perceived
downsides of videogame play at some length. Again, these concern entertainment
games more than serious games. Addiction is probably the foremost of these, and the
need to develop the skills required to self-regulate play time is frequently mentioned by
both interviewee groups. Prompted about ethical issues in gaming, players mentioned
the “toxicity” of interactions within some gamers’ communities (“Players calm down.
Stop insulting”) and the need for better regulation to prevent children’s access to games
with unsuitable content.

As already mentioned, the influence of videogames on the development of players’
personal and cultural identity is perceived by some as rather strong, but this potential is
double edged (“Actually in the end it’s always the pretty girl who flirts with the
protagonist and does little else”; “I’m playing a game, my character is black, woo, if
it’s a woman, woo, if it’s a transgender, woo. I don’t care”; “there are some big ethical
issues around the depiction of contemporary events, like recent invasions of the Middle
East”).

The interviewees see parents and educators as pivotal for favoring much-needed
“videogame education” that should be a part of media education but is often missing
due to the “generation gap”. In this regard, they recommend that parents share the
gaming experience with their kids (“If you play games with your kids you get this
beautifully shared experience with them […] It’s a great bonding experience”). They
also think teachers should increase their familiarity with digital games, recognizing
their cultural and artistic value. They believe educators should try and reduce the
generation gap with their students in order to better harness the educational potential of
all types of games, equip their students with the skills needed to protect themselves
from the risks, and get to know their children and students much better by “meeting
them where they are” for so much of their time.
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3.2 Workshops Results

P&P Workshop. As mentioned above, the areas of tension addressed in the P&P
workshop were “the role games play in socialization” and “regulation of gaming”.
Participants interpreted the themes very broadly and, during the discussion, their beliefs
about the educational value of games emerged, with learning being treated in wide-
ranging terms that encompassed informal and lifelong processes.

On socialization aspects, participants underlined the role that games often assume as
tools for exchanging knowledge between players. Several visions emerged. Some
participants discussed games as tools to create narratives collaboratively (“group sto-
rytelling”). Some highlighted the opportunities that online games offer to get to know
people of different ages and that have different backgrounds, languages and culture.
According to the participants, this provides the opportunity to “speak other languages”
in a literal and in a broad sense, while appreciating similarities and differences. Some
also saw games as a way to “stay in touch” with friends who had moved far away.
Others considered gaming as escapism, pointing out that play can be a way to escape
from everyday problems, to delve into “another world” that is not necessarily illusory,
but possibly one that is “inside us”.

In this regard, games were seen as a medium for exploring attitudes and the self.
One parent claimed that her child’s aptitude for what later became his profession
emerged thanks to the games he enjoyed playing most. In general, the group agreed on
the capability of games to unveil personal attitudes that could guide decisions for the
future, such as a course of study or career. This introspective power of games seems to
be facilitated by the opportunity they offer players to leave behind daily issues and find
time and space for self-reflection.

The “regulation of gaming” AoT turned attention to the other side of the coin, i.e.
some of the parents’ positions on the perceived negative effects of videogames on young
people. What emerged from the discussion is that such concerns often overshadow the
benefits seen in videogames. According to players, parents are able to recognize the
benefits of other leisure activities such as playing a musical instrument, but not those of
playing videogames. The group agreed that the main reason for this is parents’ lack of
familiarity and understanding of games. In line with the interview results, children and
parents playing together was seen as a desirable and instructive activity. Players,
however, were also very clear about the need for adolescents to be able to play without
parental presence, as for other identity-forming activities. However, unfortunately, this
can increase parents’ suspicions and fears. The group concluded that parents would
benefit from better understanding of the positive effects of videogame playing, while
greater awareness of the risks of videogame play would be important for players.

TT Workshop. The data collected from the TT workshop with trainee teachers
yielded a structured picture of their positions about the integration of games in formal
education. Their opinions were deemed significant in that they represent a sample of
teachers of the future, whose “generation gap” with today’s students is presumably
narrower than that of our teacher interviewees. Not surprisingly, 68% of participants
described themselves as present or past players, and 42% had experienced GBL as
students. Half of them had already had some teaching experience and about 85% stated
that they had already used - or intend to use - games in their teaching.
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Contrary to our expectations, the responses provided by the players and non-players
in this workshop to the Kahoot! statements did not differ significantly (X2 ranging from
0.50 to 5.90 for the six questions we posed; p-values ranging from .12 to .92).
Therefore, in the following, we will only report and comment on results from the player
group (Fig. 2), which is the focus of the present study.

Most of the trainees agree that games have strong educational potential (88% of
complete or partial agreement vs. 12% who partially disagree with the notion). The
overall vision remains positive if we consider only those who had the opportunity to
play digital games at school for educational purposes: almost all the players who had
played digital games at school (85%) agreed (“Completely” or “Somewhat”) on games’
educational potential. This is also reflected in the relative skepticism that games may
exclude culturally or financially disadvantaged individuals (74% in complete or partial
disagreement) and the alleged incompatibility between games and formal education
(79% in complete or partial disagreement). Moreover, the player teacher-trainees were
mostly in agreement with the assertion that the extrinsic motivation games provide may
increase students’ intrinsic motivation to learn (86% agreement). However, most of the
player group disagree with the notion that the school system should re-shape itself to
accommodate the integration of gameplay (79% completely or partially disagree).
Lastly, an overwhelming majority of participants agree that suitable training is nec-
essary in order to successfully deploy game-based activities (95% agreement).

Fig. 2. Response of player trainee-teachers to the assertions concerning games for education.
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4 Discussion and Conclusions

The aim of this study was to investigate players’ opinions about the potential of digital
games for learning. In some cases these opinions are compared with research results
and teachers’ opinions.

When prompted to discuss digital games and learning, players tend to focus on a
range of effects deriving from informal play, rather than on GBL in formal contexts.
Accordingly, most of our results (except for those of the TT workshop) pertain to
attitudes towards entertainment games rather than serious games. In any case, results
from both the interviews and the workshops lead us to believe that players have an
eminently positive vision of the potential of digital games for learning, especially for
the enhancement of transversal skills, cultural and artistic development and ethical
thinking. This vision is shared by teachers, especially the pre-service ones.

As for the motivating potential, teachers’ beliefs tend to align with the literature on
GBL, which generally sees games as effective in motivating students to learn, with
reservations in this regard about serious games [2, 10]. Indeed, some teachers revealed
that their classroom experience with these games led to student disillusionment or even
boredom. Players did not offer much significant input on the motivating potential of
games. However, some expressed resistance towards the introduction of serious games
in the classroom and, to a lesser degree, of videogames per se. The reason given was
that serious games are generally less engaging than videogames but also that teacher-
assigned and supervised gaming contradicts the very essence of gameplay itself.

General agreement also emerged on the need for greater “videogame literacy” to
bridge the generation gap between young people and their teachers, and also their par-
ents. This would allow teachers to make more informed choices in designing GBL
activities and would give parents a better understanding of the benefits and risks of play.
Media literacy would also better equip players to face some of the risks involved. Last but
not least, players say that they look forward to playing games that incorporate innovative
game mechanics and narratives, with special regard for the artistic component of games.

The main implications of this study concern the design of game-based educational
interventions: greater awareness of players’ attitudes and preferences should inform
teachers’ choice of games and the way they plan to deploy them for learning. One
example would be for teachers to grant students some degree of freedom as to when
and what games to play, a strategy that would concur with the perceived nature of
gameplay as a voluntary activity. As for policies on game development, research
funding programmes could grant more support for the development of innovative and
artistically-oriented games, games that can stimulate learners with wide-ranging
opportunities for reflection, discussion and growth, rather than pursing the transfer of
specific curriculum contents.

Among the limitations of this study, we acknowledge that (a) the meaning of the
term “game” adopted here is very wide and more research is needed on individual types
of games for more specific findings, (b) for compliance reasons, the players involved in
this study were exclusively adults, and (c) as a consequence of slow uptake of GBL in
schools, only a limited number of our informants had engaged extensively in GBL as
learners in formal education.
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Abstract. This paper elaborates on the development of a serious game in the
domain of remote sensing. It describes the challenges of defining the target
group and keeping them motivated over several weeks in order to achieve
specific learning objectives. Furthermore, the paper states the integration of the
game into the pedagogical concept. The paper illustrates in detail how the
balance was found between realistic learning objectives and engaging gameplay
following the ideas of Immersive Didactics and Digital Game-Based learning. It
depicts on how to find close correlation between learning objectives and game
objectives while keeping engagement and immersion. In addition, the paper
outlines the support for educators and trainers via the implemented editors.
Finally, the paper will report about the current evaluation of the game’s learning
outcome and user experience.

Keywords: Balancing realism � Game design � Pedagogical design � Training �
Remote sensing � Digital game-based learning � Immersion

1 Introduction

One of the huge challenges in today’s classrooms is to keep students motivated and
engaged over a period of time long enough to get them to learn the desired objectives [1].
A training school of the German Armed Forces in Fürstenfeldbruck is faced with this
challenge. Their students are nowmostly so-called Millennials [2], which are considered
as the first generation of digital natives [3]. This generation has grown up using tech-
nology and playing games. They expect the use of technology and games in their world of
work and education [1].

The school offers various trainings in the remote sensing domain, mainly teaching
image analysis and reporting included in the so-called Reconnaissance Cycle. Image
analysis is about finding and identifying objects like buildings, vehicles, infrastructures,
etc. in aerial or satellite imagery. The imagery is not limited to electro optical images,
which are comparable to Google Earth images. Image analysts also have to deal with
imaging sensors using the electromagnetic spectrum, like infrared or radar.

Reporting is about formally describing the identified objects in the imagery using
specific terms and answering to specific tasks.
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This training domain is rather complex to teach, therefore individual training
courses last several months and the school has a high interest in keeping the students
motivated over a long time. A large part of the courses is to repeat image analysis tasks
over and over again while learning to deal with software tools, official forms and
workflow restrictions. In addition, trainers cannot monitor every individual student for
the whole time of the course. However, how can the school keep students motivated in
repeating image analysis tasks over several weeks? Moreover, how can the training be
motivating on one hand, but stay realistic with task, tools, workflows and forms on the
other hand?

This paper addresses the challenge on how to develop a serious game for the
training school, keeping their students motivated over the time of the courses. The
paper presents how the balance was found between realistic learning objectives and
engaging gameplay following the ideas of Immersive Didactics and Digital Game-
Based learning.

2 Learning Objectives

In cooperation with the school, the first step was to define all key learning objectives,
which should be addressed in the serious game. The objectives are described using
Bloom’s revised taxonomy of educational objectives [4] (see Table 1).

The main objective is in the knowledge-based cognitive domains of Analyzing and
Evaluating. The verb “report” is not meant in the sense of the taxonomy, as this would
hint to only the domain of Understanding. The verb is used because the students will
actually have to fill out an empty form according to their analysis and evaluation of the
image. This form is called a “report”, thus the verb. In addition to the main objective,
the training should involve a couple of minor learning objectives as well.

Table 1. Main and base learning objectives

Type Cognitive
domain

Description

Main
objective

Evaluating,
Analyzing

Analyze real electro optical images from either air-borne or
space-borne platforms in order to select, judge, identify and
eventually report objects according to the briefing task

Base
objectives

Understanding Describe the Reconnaissance Cycle
Understanding Explain the main advantages and disadvantages of the sensor

platforms
Understanding Explain the main advantages and disadvantages of the sensor

types
Applying Apply basic image analysis knowledge of electro optical

images to infrared images
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As those learning objectives are in rather high levels of the taxonomy, it is crucial
how the serious game is embedded in the overall pedagogical concept and principles of
the school. Figure 1 shows the principal structure of an average course day at the
school.

The structure is separated in three phases. The first phase is formal learning, thus in
a standard in-class lecture the trainer teaches theoretical basics. These basics are
supplemented by accompanied exercises, meaning, that the trainer gives example
images and explains the respective sample solution.

The second phase is informal learning, usually scheduled in the afternoon and
evening. In this phase, the students learn autonomously without the trainer being
around. Students are motivated by the trainer to do certain image analysis exercises on
their own or together in groups in order to intensify their knowledge and train image
analysis by seeing and interpreting lots of real life image examples. The serious game is
located in this phase as it is meant to help achieve exactly that premise of seeing and
interpreting lots of images. Using the game is optional in order to address the rec-
ommendations of Prensky [1], that all learning content should always be available for
everyone. Therefore, the exercises in the serious game are also available as standard
exercises, so no one is forced to play the game.

Phase 3 is the constructive feedback phase. In this phase, usually in the next
morning, students discuss, evaluate and correct their outcomes and solutions with the
trainer. This feedback is the base for the new formal learning phase.

3 Approach

3.1 Methods and Theory

The development of the serious game is based on the goal to enable and enhance
intrinsic motivation for learning success [5]. The meta analysis of Schiefele et al. [6]
shows that the intrinsic learning motivation correlates significantly positive with
learning strategies and more importantly with learning results. In other words, if you
succeed in activating and stimulating the intrinsic motivation of a student you’ll get
better and lasting learning results. Possible solutions on how to stimulate the intrinsic

Fig. 1. Serious game course integration

148 D. Atorf et al.



motivation are found in Marc Prensky’s Digital Game-Based Learning [1] and
Immersive Didactics mentioned by Matthias Bopp [7]. The basic idea of both is that
people play games voluntarily and keep playing them because of their intrinsic moti-
vation to do so, thus implementing learning goals in a game will lead to better and more
long-term learning outcomes.

Bopp describes the so called Immersive Didactics. Immersive Didactics mean that
the game design tries to immerse the player thoroughly into the game world and to keep
him this way at all times. This especially applies to the parts of the game where the
player has to learn something. The game design has to avoid the blatant exhibition of
learning objectives in the game.

This idea is very similar to what Prensky calls stealth learning [1]: “The learning
would happen almost without the learners’ realizing it, in pursuit of beating the game.
We would give them ‘stealth learning’.” As stated before digital natives expect to find a
blend between traditional learning environments and learning through games,
according to Prensky. The method to address this is Digital Game-Based Learning.

Prensky states that “good Digital Game-Based Learning does not favor either
engagement or learning, but strives to keep them both at a high level”. Putting too
much emphasis on the learning part will lead to boredom. The player will stop playing
the game and thus stop learning. On the other hand, putting too much emphasis on the
engagement will make it a regular entertainment game and players will not achieve the
learning objectives.

When developing a serious game following these concepts, there is a strong need to
balance realism and engagement. The realism is found in the learning objectives, as
these have to be accurately transferred from the real world into the game.

3.2 Procedure

The goal was to develop a serious game that fully immerse students into a fictional
world and story. Therefore, it should “feel” like playing an entertainment game, but
implicitly teach learning objectives.

In order to achieve this goal an iterative procedure was developed (see Fig. 2). The
procedure merges processes recommended by Prensky [1] and common development
milestone processes from the gaming industry [8].

Fig. 2. Development procedure
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The first step was to identify the target group. According to Prensky not everyone
in the target group will be willing to play the game [1]. This might be due to a general
aversion to gaming or due to disfavoring the genre. Therefore, it is not possible to get
the entire target group into playing the game, but it is crucial to identify the target
audience and to meet the majority of their preferences.

After the identification of the target group, the second step was to define the best
suiting game genre and base game mechanics with regard to the elaborated preferences
of the target group. These core mechanics were documented in a concept paper, which
evolved to the game design document during the project [8]. This game design doc-
ument contains the detailed documentation of the games genre, target audience, pre-
mise, backstory and game world, gameplay mechanics, character descriptions, mission
and story progression, as well as the art and audio description. The main addition to the
game industry’s standard game design document was a detailed description of the
mapping of learning objectives and game objectives. A base version of this mapping is
found in the concept paper as well.

The next step was creating a board game prototype featuring the game genre and a
basic mapping of the learning objectives to the base game mechanics. This prototype
served as a rather quick tool to evaluate if the genre and base game mechanics were
suitable for the majority of the target group and if the base mapping of learning
objectives and game objectives work.

The next steps were derived from the board game step. These were iterative tests
and workshops. On the one hand, there were several workshops with teachers and user
group experts in order to define the specific images and image analysis tasks that
should be implemented in the game. Expert meetings were held to evaluate the learning
outcomes of the implemented tasks and to adjust the level of difficulty, the task
description, feedback, etc. were necessary. On the other hand, there were common
development milestone tests, like Alpha tests and Beta tests with their respective
evaluation of game functionality and user experience (GUI, story, characters, and fun).
Of course, expert meetings, workshops and milestone tests were combined.

In all these steps, the school was closely involved. A liaison teacher was defined as
single point of contact for close communication and feedback.

4 The Game

4.1 Balancing Realism and Engagement While Keeping Immersion

A vital part of the development is to immerse the player into the game while finding the
right balance between realism and engagement. On one side, there are learning
objectives, which should be kept realistic. This includes dealing with realistic software
tools and using the official forms and workflows when handling the task. On the other
side, there is the need to present an engaging, immersive gameplay.

The first steps in finding the right balance were to identify the main target group
and to find a suitable genre, as stated in the presented procedure before. The main genre
employed in the game, is a combination of 4X strategy and adventure with a strong
emphasis on the 4X part. 4X, introduced by Emrich [9], means explore, expand, exploit
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and exterminate and “[…] players must rise from humble beginnings, finding their way
around the map […]”. This core feature is very similar to the task of an image inter-
preter: to explore and analyze unknown via aerial or satellite imagery.

The next step was to find a suitable setting. Ideally, the setting should feature
realistic everyday work and experiences. Yet the impression had to be avoided, that the
German Armed Forces develop a game simulating anything related to real world
nations. Therefore, after some discussions and previous work with the school, which
showed quite strong affinity to science fiction, a respective game premise was devel-
oped: Starting at his home planet, the player explores planets in the galaxy colonized
by humankind. He takes on the role of an avatar, who is a member of a rebel orga-
nization trying to deliver all colonies from an evil, suppressive cult. On each colony,
the player will face a more and more challenging mission.

Regarding realism, this sci-fi premise had a huge downside. The main learning
objective was about analyzing real imagery, but the game should took place in a future
setting. It would be fatal to let students analyze images with futuristic structures and
units on alien worlds with regard to the learning objective. Thus a story was developed,
which considered both sides. The cult was not only evil and suppressive; they also
banned further technology advancement when they came into power. The takeover
happened in the present when large parts of the galaxy where colonized using alien
arks, “copying” nowadays structures from earth to colonies. In 2307, a rebellion arises
against the cult and the story of the game “Lost Earth 2307” begins. This way the game
could take place in the far future, letting the player experience an extensive story arc,
while presenting image analysis tasks with original images from today. Furthermore,
the liberation of colonies and having to perform image analysis tasks beforehand is still
relatively close to the everyday work of an image analyst.

In order to keep the balance between realism and engagement, learning objectives
and game objectives were correlated very closely. Therefore, the better the image
interpretation results, the more successful the liberation mission. Two different kinds of
liberation missions were developed in order to incorporate all learning objectives
properly: reconnaissance missions and deployment missions.

The reconnaissance mission primarily maps the main learning goal. The player has
to perform an image interpretation task according to the problem of a tasker, for
example if a bridge is still passable. By doing so, the player passes through the original
Reconnaissance Cycle, starting with the tasker as stage one. The next stage is tasking
the appropriate sensor and platform. Initially only a selection of reconnaissance sys-
tems is provided by the game, showing an original tasking form used in everyday work.
The player has to choose the appropriate realistic sensor, platform and flight parameters
according to conditions at the target site to accomplish the current mission. This stage
also features the minor learning objectives of the pros and cons of sensors and
platforms.

Once the tasking and planning has been completed, the player has to analyze the
recorded images. These images are from a pool of real images provided by the German
Armed Forces. By using an adapted real image analysis tool (see Fig. 3, left), the
player has to annotate and align images. Eventually he has to report the results back to
the tasker using the original reporting form and using the original terms. A debriefing
stage (see Fig. 3, right), provides detailed feedback on the quality and unlocks rewards
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or penalties according to the results – for example providing additional resources that
can be used to upgrade or develop new reconnaissance assets.

The deployment missions primarily map the minor learning objectives. They
illustrate the advantages and disadvantages of sensors and platforms. The player has to
build structures and especially sensor platforms. He will equip platforms with different
sensor types and try to find the opponent using the sensors before the enemy finds the
player. Realistic parameters, such as weather, daytime, material of objects, altitude as
well as type and technology level of sensors and platforms influence the visibility of
target objects. Hence, the player has to manage the influences on sensors and platforms
skillfully in order to succeed in this kind of mission.

The mapping of learning objectives represented how the learning objectives could
be integrated in realistic ways into the game, along with original adapted software
tools, forms, workflows, images and tasks. In addition non-learning objective related
game mechanics, like resource management, were integrated to facilitate even more
engagement. This means that typical 4X mechanics, like technology advancement,

Fig. 3. Left: adapted image analysis tool integrated into the game; Right: feedback on report in
reconnaissance mission

Fig. 4. Left: screenshot of bridge & tasker dialogue; Right: screenshot of ark
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colony management, etc., were implemented. Furthermore, a great emphasis was put
on the narrative elements and story to engage and entertain the player. In this game
world, the player is able to experience tales and avatar development, which would not
be possible in real life, like for example fast promotions in rebellion forces. The
storytelling uses cut scenes, dialogues (i.e. comic relief), interacting characters (i.e.
antagonists, love interests, sidekick etc.), atmospheric graphics as well as high quality
sound and music in order to support the immersion and engagement (see Fig. 4).

During the story campaign, the level of difficulty is increased continuously, to adapt
the game to growing player skill (i.e. more complex weather conditions), thus trig-
gering even more intrinsic motivation and eventually leading to total immersion as
defined by Cairns [10].

Immersion refers to spatial immersion and emotional immersion. Spatial immersion
(synonymous with Presence) is the psychological sense of perceiving a virtual reality as
real while being physically located in another one [11], while emotional and
engagement-based immersion deals with the intensity of user engagement with a task.
Cairns defines engagement-based immersion as a three-level construct [10]. Cheng
further improves Cairns’ theory and adds dimensions to the three layers [12]. Table 2
illustrates how the game implemented the immersion aspects.

Table 2. Implementation of Cairns’/Cheng’s immersion aspects in the serious game

Immersion
level

Dimension and implementation

Engagement Attraction: Target group identification yielded affinity to 4X computer
games and science fiction scenarios
Time investment: Informal learning phase during the seminar encourages
participants to choose learning methods to their liking (i.e. autonomous work,
exercises, serious games, etc.)
Usability: The game provides a consistent operating concept (i.e. similar
designed user interfaces, intuitive controls, story is told through a dialog
system instead of block text, etc.)

Engrossment Emotional attachment: Participants can identify with the game’s main
protagonist, which is in a similar situation (military, tries to specialize to gain
accomplishments)
Decreased spatial/temporal perception: The game confronts participants
with motivating challenges, which are tailored to meet and exceed
participants’ skill level

Total
immersion

Loss of spatial awareness/presence: Strong presence effects were not
observed but could be accomplished by the latest VR implementation
Empathy: Participants not only identify with the main character, but also are
carried along by the story told and the fates of friends, love interests and
antagonists
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The overall goal of the balancing challenge was that learning objectives and game
objectives are more or less the same. Thus, while the player tries to meet the game
objectives he will automatically meet the learning objective.

4.2 Support for Educators and Trainers

The game features two modes, “campaign” and “free campaign”. The campaign covers
in chapters the respective remote sensing courses of the school and represents the
default usage in the described course integration. The free campaign was implemented
in order to enable and support trainers to create custom missions or even whole
campaigns, with a different conceptual or content-related focus in mind.

The free campaign mode features three graphical editors: the first allows for cre-
ating new missions in a WYSIWYG environment where the base XML-structure of a
mission can be created semi-automatically, displayed, modified and aerial images can
be inserted. The second editor is used to create maps, which allows customizing the
look and feel of the galaxy. The third editor allows to create and change the underlying
mission structure and to place missions from the mission pool onto the newly created
map, in certain places (colonies) and order (linear, parallel).

Third-party editors or even simple text editors may substitute these three editors, as
XML was chosen to represent the game’s data model in a human- and machine-
readable format.

Additional support is provided by the player’s manual, which details every aspect
of the game in 64 pages, complemented by the 14-page teacher’s manual with special
emphasis on content structure and creation.

5 Evaluation

As described before, the game was constantly evaluated during the tests in the iterative
phase of the project. The tests were always conducted by the school, led by at least one
trainer and supported by additional image analysis experts. The test group size was
between four and eight students new to the project. The participants’ age ranged from
25 to 50 years. 20% of the students were female. All students had completed at least the
first remote sensing training course when participating in the test. Overall, eight tests
with students were executed in the iterative phase.

One main focus of the evaluation was on the learning outcomes of the implemented
tasks. The trainer and the experts monitored the students play and rated the learning
results. If applicable this monitoring led to adjustments of the difficulty level or the
correction of errors, ambiguities in the task itself or the task description and task
feedback. At the last test, the school confirmed, that all learning objectives can be
achieved in the way intended.

Another focus of the evaluation was on game functionality and user experience.
Besides bug reports, it was monitored how users accepted and experienced the nar-
rative elements, GUI and game mechanics. The survey was done having the students
take notes freely about the topics mentioned above. At the end of each day the students
were interviewed in order to elaborate on their notes and to discuss their experience.
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The results were used to continuously improve the game and raise acceptance. Espe-
cially the final test strongly indicated a high acceptance and fun while playing. While
the male groups expressed their joy in the 4X strategy elements, the female groups
expressed their joy in the narratives and how the story evolved. One of the groups made
a strong comment at the end of the test: “I’d love to take the game home with me now
and play the next chapters.”

As stated before, these tests were executed with relatively small test groups, so the
outcomes can be regarded as indicators. To further verify the indicators it is planned to
do formal surveys once the game is fully deployed at the school.

6 Conclusion

The paper presented a process how to develop a serious game for a training school in
the domain of remote sensing. It focused on how to balance necessary realism for
learning objectives and engagement demanded by the concepts of Immersive Didactics
and Digital Game-Based learning. A first evaluation proved that all learning objectives
can be achieved and indicated, that the game was engaging.

Future work will focus on a formal evaluation of engagement with larger test
groups, using for example NASA TLX, SUS and IPQ in order to further approve the
balancing of realism and engagement.

A conclusion for developing a good serious game could be to take a strong and
immersive story and add game mechanics suitable to the target group. Players will then
try to meet the game objectives and will automatically meet the learning objective.
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Abstract. This paper reports results from an ongoing project that aims to
develop a digital game for introducing fractions to young children. In the current
study, third-graders played the Number Trace Fractions prototype in which they
estimated fraction locations and compared fraction magnitudes on a number
line. The intervention consisted of five 30 min playing sessions. Conceptual
fraction knowledge was assessed with a paper based pre- and posttest. Addi-
tionally, after the intervention students’ fraction comparison strategies were
explored with game-based comparison tasks including self-explanation prompts.
The results support previous findings indicating that game-based interventions
emphasizing fraction magnitudes improve students’ performance in conceptual
fraction tasks. Nevertheless, the results revealed that in spite of clear improve-
ment many students tended to use false fraction magnitude comparison strate-
gies after the intervention. It seems that the game mechanics and the feedback
that the game provided did not support conceptual change processes of students
with low prior knowledge well enough and common fraction misconceptions
still existed. Based on these findings we further developed the game and
extended it with physical manipulatives. The aim of this extension is to help
students to overcome misconceptions about fraction magnitude by physically
interacting with manipulatives.

Keywords: Game-based learning � Fraction � Number line �
Conceptual change � Manipulatives � Serious games � Mathematics

1 Introduction

In recent years, mathematics has been the most researched discipline in the field of
game-based learning in primary education [1]. Moreover, a recent meta-analysis [2]
indicated that using game-based learning in mathematics is, in general, significantly
more effective than other instructional methods. Game-based math trainings founded
on number line based mechanics have been particularly successful in improving
rational number magnitude understanding [e.g. 3–5].
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While these studies paint an overall positive picture on game-based interventions to
also foster fraction magnitude understanding, students generally struggle with fractions.
Importantly, fraction magnitude understanding was found to be a relevant predictor for
later knowledge of rational numbers, such as the density of rational numbers [6] and
arithmetic operations with rational numbers [7]. Children’s problems in understanding
fraction magnitude [for a review, see 8] often originates from the tendency to treat
denominators and numerators of a fraction as two separate whole numbers instead of
considering their relation to each other [e.g., 9] - often referred to as whole number bias
[10] or natural number bias [11]. Consequently, children often infer that the value or
numerical magnitude, respectively, of a fraction increases when either the numerator or
the denominator increases. For instance, 2/3 (0.667) is larger than 3/8 (0.375) although
its numerator 2 is smaller than 3 and the denominator 3 is smaller than 8. According to
conceptual change theories, these misconceptions originates from the fact that children
form an initial conception of numbers as counting units before they encounter fractions,
and later they draw incorrectly on this initial understanding to make sense of fractions
and rational numbers [9, 12]. Therefore, conceptual change seems to be required in the
acquisition of the concept of a fraction, because radical changes in the pre-existing
concept of number magnitude is needed [12].

1.1 Conceptual Change

Conceptual change refers to situations in which a new information to be learned
conflicts with learner’s prior knowledge and thus changes in the prior knowledge are
needed. Dole and Sinatra [13] have argued that radical changes in student’s thinking
are usually difficult to attain. The creation of cognitive conflicts has been a dominating
instructional strategy in supporting conceptual change [14]. Cognitive conflict is a term
used to describe a situation in which a new information makes a learner dissatisfied
with his or her existing conception of a phenomenon. The perception of this contra-
diction between prior knowledge and new information may lead to radical changes in
learner’s thinking. In order to explain why cognitive conflict does not always support
conceptual change, Merenluoto and Lehtinen [15] proposed a theoretical model of the
dynamics of motivational, cognitive, and metacognitive processes in conceptual
change. The model distinguishes three possible learning paths: the experience of
conflict, the illusion of understanding, and having no relevant perception.

In the experience of conflict path, the conflict may lead to radical conceptual change.
The experience of conflict reduces learner’s certainty about the phenomenon and thus
the learner is ready to change his or her knowledge beliefs. If learner’s tolerance of
ambiguity is high, the learner may feel that the conflict is solvable. However, if the
tolerance of ambiguity is low, sensitivity to perceive novel features of the tasks may
decrease or the situation leads to a loss of trust, resulting in avoidance behavior.

In the illusion of understanding path, the learner does not notice the conflict
because of overconfidence. The learner recognizes some familiar elements in the new
phenomenon, but his prior knowledge is not adequate for paying attention to the novel
aspects. Familiar elements of the phenomenon arouse an illusion of understanding,
which leads to an enrichment of existing naïve models or the construction of synthetic
models.
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In the no relevant perception path, the learner misses the conflict because of his or
her broad cognitive distance to the phenomenon to be learned. Cognitive overload
usually confuses the learner and may lead to avoidance behavior or routine activity that
does not involve processing of the aspects of the new phenomenon. These learners can
be supported by providing them with information that is needed to understand the
phenomenon and consequently increase the probability to perceive a cognitive conflict.
One aim of this paper is to consider how physical manipulatives could be integrated to
a digital game to trigger reflective processes leading to conceptual change. Reflection
refers to an activity in which a learner recaptures his/her experience, think about it,
mull it over, and evaluate it. The outcome of reflection in game-based learning may be
personal synthesis of knowledge, validation of a hypothesis laid during the formation
of a playing strategy or a new strategy to be tested.

1.2 Present Study

The present pilot study builds on previous research that has proposed new game
mechanics for learning fractions [16]. We report results from an ongoing project that
aims to develop a digital game for introducing fractions to young children. We present
the results of a pilot study in which we studied the effectiveness of the Number Trace:
Fractions (NT Fractions) game among students who are new to fractions. Moreover,
with self-explanation prompts we explored students’ fraction comparison strategies to
identify possible misconceptions. Based on the results we present an extension to the
game in which physical manipulatives are integrated to the game. Physical manipu-
latives refer to concrete objects (e.g. base-ten blocks, colored counters, patterning
materials, and different sized elements) that aim to help learners to better understand
abstract mathematical concepts or properties by allowing them to manipulate the
objects. The aim of the physical manipulatives is, in case of existing misconceptions of
fraction magnitude, to create more explicit cognitive conflicts in students and help them
to solve these conflicts by interacting with manipulatives.

2 The NT Fractions Prototype

The aim of the NT Fractions game is to introduce fractions to young children with
limited previous knowledge of fractions. The core gameplay is based on number line
estimation and magnitude comparison mechanics. In the game, players control a dog
character and have to trace bones a cat has hidden in a forest (see Fig. 1). The locations
of the bones are shown as symbolic or non-symbolic fractions (target number; left book
in Fig. 1) reflecting locations on a number line ranging from zero to one. Players are
supposed to direct the dog to the correct location on the number line and dig out the
hidden bones by pressing the answer button (bone button in Fig. 1). The estimation
accuracy determines whether players find a bone and get points or loses health.
Accuracy is visualized also with the size of the found bone and the correct location of
the bone is shown on the number line. The number line may also contain hidden
obstacles that players have to avoid. The locations of the obstacles are indicated with
symbolic or non-symbolic fractions (obstacle number; right book in Fig. 1). Some
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estimation tasks have monsters wandering around that players have to avoid or destroy.
Most of the monsters have mathematical meaning. For example, monsters can move by
jumping unit fractions and that way provide hints for the player. The aim of the
monsters is to motivate players to observe the game world more mathematically.

The magnitude comparison task is implemented according to a recently proposed
mechanic that integrates a comparison task into a number line estimation task to draw
users attention to the spatial locations of fractions in a comparison task [17]. This
combined task starts with a dialog in which a mole character asks players whether
removing the obstacle is required. In case the obstacle is located between the dog and
the bone – i.e. the obstacle number 1/6 is smaller than the target number 4/6 (see
Fig. 1) - removing the obstacle is necessary. In contrast, removing obstacle is not
necessary when obstacle is located beyond the bone. In practice, players have to
compare explicitly the two values and answer either “Yes” or “No”. Players get
immediate feedback about correctness of their answer. Feedback to a correct answer:
(a) If the obstacle is on dog’s way to the bone, it is removed and the location of the
removed obstacle is shown on the number line. (b) If the obstacle is not on dog’s way
to the bone, the location of the obstacle is shown on the number line. Feedback of an
incorrect answer: Players lose health, the obstacle is removed, and the location of the
inactive obstacle is shown on the number line. After the comparison dialog the task
continues as a basic estimation task. However, players can utilize the location of an
obstacle that is marked on the number line in estimating the location of the bone.
Ninaus et al. [16] have argued that the strength of this novel number line based
comparison task is the feedback, which is visually linked to the number line. In other
words, the feedback allows players to see the relation of the compared magnitudes on
the number line.

Fig. 1. An example of the task that consists estimation and comparison task mechanic; left
book = Target number; right book = obstacle number.
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When players progress in the game they earn special skills that are designed to
support the development of conceptual fraction knowledge and to help them to perform
well in the game. Players can activate these skills using in-game currency (diamonds).
In each level, players can use only a limited number of diamonds. The skills influence
either the mathematical or general gameplay challenges. Mathematical skills can be
used to reveal the approximate location of the bone, divide the number line into
convenient sections, transform a fraction number into a pie chart, reduce the fraction to
lowest terms (e.g. 4/8 -> 1/2), see player’s latest answer on the same task, and limit
dog’s movements only to unit fraction jumps (1/b of a fraction a/b). Gameplay skills
make the tasks easier by removing obstacles, monsters or time pressure. Watch a video
for more complete description of the features at https://youtu.be/xrL2kOR4-yU.

3 Method

3.1 Participants

Eleven Finnish third graders with no previous knowledge of fractions participated in
the study (N = 11; 6 females; mean age = 9.18 years; SD = 0.40 years).

3.2 Measures

Pre- and Posttest
We created two versions of a paper-based conceptual fraction test. Only fractions
between 0 and 1 were used. The tests included eight number line estimation items (e.g.
Indicate the position of 1/5 on the number line below ranging from 0 to 1), six
magnitude comparison items (e.g. “Circle the larger fraction. When the fractions are
equal circle both.”, e.g., 3/9 vs. 2/3), and three magnitude ordering items (e.g. “Put the
numbers in order from smallest to largest”: 1/2; 5/8; 2/6). Each item was scored as
correct or incorrect. Estimations that were performed at least with 90% accuracy were
considered as correct. The test versions were balanced according to difficulty (e.g.
distance between compared magnitudes, whole number consistency).

Fraction Comparison with Self-explanations
The magnitude comparison task of the Semideus game [4] was extended with self-
explanation prompts and used to explore students’ fraction comparison strategies. In
the comparison task, students had to arrange stones with fractions depicted on them in
ascending order (left to right). In the case of equivalent fractions, students were
instructed to pile up the stones. The items in the fraction comparison task were
designed in a way that identification of students strategies that are incorrectly based on
whole number properties is possible. Students played through one level that included
four training items and eight test items with self-explanation prompts. After each
comparison the game prompted a recording dialog and the students were asked to
explain their solution. The spoken explanations were converted to text by Speech API
of IOS and the texts were recorded to a server. In order to make the explanation
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of comparisons easier, the colors of the fractions to be compared were different. With
self-explanations we aimed to explore what kind of misconceptions students have about
fraction magnitudes and what kind of strategies they use to compare magnitudes.

3.3 Procedure

First, two lessons about fractions were given to the students by their own teacher.
Second, the students completed the paper based pretest. Third, students played the
Number Trace game for five times 30 min during a two-week period. During the
playing phase students did not get any other teaching about fractions. Fourth, students
completed the posttest. Finally, students completed the Semideus based fraction
comparison level along with the self-explanations.

4 Results of the Pilot Study

4.1 Learning Gains

During the intervention students played on average (SD) 276 (47) estimation tasks and
62 (16) comparison tasks. On average (SD) students used special skills 109 (19) times.
From these skills 26% were math based skills and the rest were gameplay skills. The
fact that gameplay skills were cheaper and more often available than math based skills
might partly explain the difference. Figure 2 shows students’ mean performance in the
pre- and posttest according to task types. Students’ performance seem to have
improved from pre- to posttest in each task type. The overall mean (SD) accuracy also
increased from 42.25% (20.81) to 64.17%. The student who used math based skills
most, also improved most from pretest (24%) to posttest (82%). Due to the small
sample we decided to not follow up our descriptive analysis with inferential statistical
tests.

Fig. 2. Mean percentage scores in the pre- and posttest according to task types
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4.2 Results from the Self-explanation Phase

Self-explanations
Students’ explanations of their fraction comparison solutions showed that students
relied on several faulty strategies or misconceptions, respectively. One of the most
common comparison strategies was the missing pieces strategy, while 6 out of 11
students tended to use it. For example, one student explained that 1/9 is smaller than
1/6 based on the following reasoning. “There needs to be eight so that it makes a whole
and the other needs only five to make a whole.”. In this case, the missing pieces
strategy worked, but in some cases it did not work. For example, one student failed to
compare 3/9 and 1/3 while he or she reasoned that “It requires two to make three and
other requires more.” When solving the same tasks another student explained that “The
red one is bigger [3/9] while it has bigger numbers than the blue one [1/3]”. This
strategy originates from clear whole number bias as the student do not understand
fraction as a ratio between numerator and denominator, but considers numbers com-
ponentially as whole numbers. Popularity of the missing pieces strategy may have
resulted from the fraction introduction that the students got in the beginning in which
only part-whole interpretation was emphasized.

Two out of 11 students used a strategy that was based on pieces, but in an advanced
way as they did not calculate the missing pieces, but based on pieces they compared
fraction magnitudes to common fractions that they understood. For example, “If one is
added to red [2/6] it makes only half, but if one is added to blue [5/6] it makes a
whole.” In fact, based on our observations, it seems that half was well understood
among students and some students could utilize the half when making sense of com-
pared magnitudes. For example, One student explained that “Two parts of three is
much over half way and four parts of seven is maybe only little more than half.”

We identified some occasions in which students noticed that they had used their
strategy only superficially without thinking enough and when they explained their
solution they realized that the strategy that they used did not eventually work. That is,
self-explanation might have worked as a cognitive conflict and the explanation led
students to think critically about their conceptions. However, self-explanation based
conflicts did not lead to conceptual change in our study, because the game did not
provide feedback that would have helped students to understand the fraction concept.
For instance, one student who realized that the missing pieces strategy does not always
work, did not experience this conflict as solvable, leading to confusion and conse-
quently continued playing by guessing the right order.

5 Extending the NT Fractions Game with Manipulatives

The current results indicate that when young students reason about fraction magnitudes
they may rely on faulty strategies as they do not understand the concept of fractions.
For example, some of the students used component-based strategies and compared
nominators and denominators separately. Moreover, the feedback of our game seems
not be enough to cause cognitive conflicts and consequently facilitate conceptual
change in students with very low prior knowledge in fractions. One problem of fraction
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comparison tasks is that some false comparison strategies such as missing pieces
strategy may work with some comparison items leading to strengthening the naive
conception of fractions and illusion of understanding. Consequently, for example an
overconfident player who has an illusion of understanding the subject, may ignore the
feedback (miss the conflict) that the game provides, because the same strategy has
worked earlier in a different context and thus the player tends to rely on his/her prior
experiences. Therefore, to support conceptual change we need to create stronger
cognitive conflicts, provide enough information about fractions for students to facilitate
perception of the conflicts, and motivate students to solve the conflicts. One way to
reach this is to supplement gameplay with other instructional methods. In fact, a recent
meta-analyses about game-based learning [2] supports this idea as the results indicated
that, players learned more, relative to those taught with conventional instructional
methods, when the game was supplemented with other instructional methods. Because
a meta-analysis about math manipulatives indicated that manipulatives can be effective
particularly in learning fractions [17], we extended the game with physical manipu-
latives. We modified the game in a way that fraction manipulatives can be used along
the game to provide more direct and explicit support for fraction magnitude reasoning.
In practice, color coding is used in the panels showing the locations of the bones and
obstacles (Fig. 3) and through this color coding the game elements can be linked to
fraction manipulatives that use the same color coding.

Fig. 3. Student comparing fractions with manipulatives along with the game providing more
explicit and physically graspable support for fraction magnitude reasoning.
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Each unit fraction (e.g. 1/2, 1/3,…) has its own color. In our example (Fig. 3), 1/4
is coded with blue color and consequently 2/4, 3/4 and 4/4 are blue as well. Figure 3
also shows how a student has used paper-based physical manipulatives to decide
whether he should remove the obstacle (4/5) or not. Using the physical manipulatives
the player can reason that 4/5 (four pink units) is larger than 3/4 (three blue units) and
that it is not necessary to remove the obstacle with the mole. Let’s assume that the
player has earlier used the missing pieces strategy – the most common strategy in the
current study. According to missing-pieces reasoning the player assumes that the
fractions are equal and he or she should remove the obstacle. However, now when the
player uses manipulatives along with the game, he or she notices that the fractions are
not equal and it is not necessary to remove the obstacle. At the same time the
manipulatives provide visual information that players can utilize to solve the conflict
which might help players to understand why the missing pieces strategy cannot be used
and how units can be used to reason about magnitudes. Therefore, future versions of
the NT Fractions game can be accompanied with a set of physical manipulatives that
may support players who need more concrete experiences to make sense of fraction
magnitudes. The manipulatives are only addons and the use of manipulatives are not
required to play the game. Furthermore, we will also implement virtual manipulatives
into the game and study the usefulness and differences of these different manipulative
approaches.

6 Conclusion and Future Work

The current study explored the usefulness of the NT Fractions game prototype for
introducing fractions to students. In general, results of the pilot study are promising as
students’ performance in fraction tasks improved. It seems that our new task, com-
bining mechanics of number line estimation and number magnitude comparison tasks,
can be used in number line based games. However, we noticed that many students used
false fraction magnitude comparison strategies after the intervention. It seems that the
used game mechanics and the feedback that the game provided did not support con-
ceptual change processes well enough and some misconceptions remained. Thus, based
on the results we further developed the game and extended it with physical manipu-
latives. The aim of this extension is to trigger students to reflect on their conception of
fraction and help them to overcome possible misconceptions of fraction magnitude.

The results also indicated that players utilized game character’s special skills quite
a lot, but, unfortunately, the use of the gameplay skills were more popular than math
based skills designed to support the development of conceptual fraction knowledge.
Thus, we will redesign the gameplay skills in a way that they are better integrated to the
learning content. Furthermore, we are currently implementing adaptive features to the
game. In fact, the game already detects students’ misconceptions and the next version
of the game will automatically activate math based skills that should support con-
ceptual change processes.

Future studies need to study (i) learning effectiveness of the game with and without
manipulatives, (ii) how students use in-game special skills and how the use of the skills
influence learning outcomes, (iii) what game elements or interaction patterns lead to
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conceptual change and in what kind of context, and (iv) compare the effectiveness of
in-game digital manipulatives and physical manipulatives used along a game.
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Abstract. The present paper illustrates that the game-based implementation of
a learning task - here to train basic math skills - entails benefits with strings
attached. We developed a game for learning math with its core element based on
the number line estimation task. In this task, participants have to indicate the
position of a target number on a number-line, which is thought to train basic
numerical skills. Participants completed both the game on a mobile device and a
conventional paper-pencil version of the task. They indicated to have signifi-
cantly more fun using the game-based environment. However, they also made
considerably higher estimation errors in the game compared to the paper-pencil
version. In this case, more fun in a math-learning task was ultimately bought at
the expense of lower reliability, namely lowered accuracy of estimations in the
learning game. This fun-accuracy trade-off between adding elements for
enjoyment and clarity of content is discussed together with the consequences for
game-design.

Keywords: Game-based learning � Reliability � Enjoyment �
Number-line estimation � User-experience � Mathematics

1 Introduction

Game-based learning is thought to create, amongst other positive effects, increased
motivation and special situational interest (e.g., for an overview see [1]) in the game
and therefore in the topic to be learned. There is ample empirical evidence indicating
that (math) games for learning had positive educational effects in terms of better
learning outcomes or higher academic achievement [2–10]. While motivation and
interest are part of the foundations of game-based learning [11] and contribute, amongst
others, to the beneficial effect of the use of games for learning, we may sometimes turn
a blind eye to the fact that these benefits may not come without any strings attached.

Trade-Offs in Game-Based Learning? The current scenario does not refer to prag-
matic setbacks like the high costs of developing and implementing a game in
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educational or similar non-profit settings. We rather want to delineate that the gami-
fication or game-based setup of a task or educational content can be detrimental in
various aspects regarding the very subject matter. For instance, the implementation of a
storyboard to, for instance, create interest, identification or emotional value may be
deployed at the expense of (learning-)time and energy as well as potentially distracting
the player from the core topic.

An illustrative example showed that the implementation of games in education
seemed to have elicited enjoyment during class as well as for the topic itself, but has not
necessarily entailed a measurable cognitive advancement regarding the content to be
conveyed [12]. Pittman used the commercial game Portal 2, which is basically a
sequence of physics puzzles allowing to create individual experiments to teach physics
in 11th grade high school. The author repeatedly proclaimed the bilateral enjoyment of
the lessons, the engagement of students, and the opportunity of such methods to create
“memorable, teachable experiences” [12]. Nevertheless, inexperience with gameplay,
mainly regarding the required handling of the first-person navigation, were the biggest
setback and major obstacle. This in turn led to “unimaginative experiments” and
problems even in simple tasks. Finally, exam results at the end of the year did not reveal
additional general improvement in learning outcomes traceable to the use of the game.

In another study, researchers tried to implement the content to be learned in a game
by tightly coupling a math task with the core game mechanic, namely in-game combat.
What is called intrinsic integration aims to minimize extrinsically engaging elements
and rather making them an intrinsically motivating part of the game [13]. However,
the authors also observed a decline in accuracy due to the implementation/
operationalization of their task. Nevertheless, compared to an extrinsic counterpart of
the game (non-mathematical combat and math-quiz between levels) and a control
condition, students who played the intrinsic version achieved the best learning results.

It is imaginable that the use of a complex, enriched (digital) learning environment
can also state a negative influence on the content to be learned. Other than through
handling and interface related obstacles, this seems also feasible through the accu-
mulation of game-elements unrelated to the content and thereby blurring the subject
matter or diverting player’s attention. In other words, the relationship between (game
elements used for) motivation/engagement and reliability seems reciprocal and may
even be negatively correlated. In this vein, we would have to look for a sweet spot
between engagement and reliability.

Game-Based Math-Training. To shed some light on this relationship, the current
study focused on the outcomes of a math game to objectively assess potential draw-
backs of a game-based learning situation. Manipulating numbers in general is a
necessity to deal with everyday life demands. For instance, the decision whether a
purchase is still within budget or the percentage of savings of a discount requires
addition/subtraction, multiplication and division and percentages as well as a general
understanding of number magnitude. Difficulties in understanding and manipulating
numbers have negative impacts on school career and can later lead to behavioural as
well as societal problems like delinquency and in turn have “adverse consequences for
cognitive function throughout life” [14]. In other words, numerical competences play a
significant role in successful development.
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For instance, Whyte and Bull [15] name nonverbal representation and manipulation
of numbers as core competencies for developing adequate arithmetic abilities. Such
basic numerical competencies in turn can be assessed by various tasks like enumera-
tion, magnitude comparison, estimations, and the positioning of number magnitudes on
a mental number-line [15]. The latter describes an often used metaphor to describe our
mental representation of number magnitude according to which number magnitude is
represented spatially along a number line in an analogue manner with magnitudes
increasing from left to right (for an overview see [16]). It was observed repeatedly that
arithmetic competencies can be predicted by more precise mental representations of
number magnitude already in early childhood ages [17]. Therefore, fostering under-
standing of number magnitude is a crucial step in developing higher mathematical
abilities.

In the current study, we examined the relationship between enjoyment and relia-
bility of a well-known paper-pencil math task, the number-line estimation, and an in-
house developed math game using the very same core task mechanic (see Fig. 1). In the
following, we describe how the game was developed and which methods were
employed to compare the two learning tasks to each other. Subsequently, the evaluation
of subjective and objective measurements of task interaction is presented and lastly
interpreted and discussed against the background of motivational, educational, and
game design aspects.

2 Methods

We compared estimation accuracy as well as enjoyment between the game-based
version and conventional number line estimation tasks on paper to investigate the
relationship between enjoyment or fun, respectively, and answer accuracy.

2.1 Participants

18 adult student participants (10 females, mean age 22.72, SD = 2.56, range 19 to 30)
were randomly recruited at the library of the University of Tübingen.

2.2 Design

Paper-pencil and game version of the number line estimation task were randomly
assigned to participants, so that 10 participants started with the paper-pencil version,
while the other 8 participants started with the game Shoot The Number Line. The main
dependent variable for comparison was estimation accuracy in terms of absolute esti-
mation error.

2.3 Measurement

We created a game for the use on tablets called “Shoot The Number Line” to examine
the relationship between enjoyment and reliability within game-based learning (see
Fig. 1). As the name suggests, the game uses the so-called number-line estimation task
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as the core game mechanic. In this task, participants must indicate the spatial position
of a target number by slinging a ball as accurately as possible to the correct position
along a number-line with only its endpoints specified (e.g., where goes 28 on a number
line ranging from 0 to 100).

Accordingly, the current game focusses on the mental representation of magnitude
on a number line. Usually, number line estimation tasks are implemented as paper-
based tests. Accordingly, learners use a pen to mark the position of target numbers (e.g.
with a cross or a simple stroke) on several number-lines printed on a multi-page
document. Even though training number line estimation in such a way was found to be
successful [18], the procedure itself seems rather tedious. Yet, the number-line esti-
mation task is a suitable candidate for embedding into a game-based learning envi-
ronment (see also e.g. [19, 20]) aiming at making the task more enjoyable and
engaging. Likewise, through a comparison between in-game training and conventional
paper-pencil methods, we can directly compare both methods in detail. Shoot The
Number Line was developed in Unity 3d, which takes care of basic processes like
model animation and physics interaction and is at the same time platform independent.
The basic mechanics of the game comprise a slingshot with a ball that the player must
shoot at the position of the respective target number – displayed right above the
slingshot – on the number-line with highest possible accuracy. The moment the player
touches the ball and stretches the slingshot, a beam is displayed to indicate the position
where the ball will land on the number line. For a trial to be successful players need to

target number 

„beam“

Fig. 1. Screenshots of “Shoot The Number Line” with target numbers displayed above the
slingshot: top-left: startup screen with level choice; top-right: level “easy” with stretched
slingshot, showing the “beam” as an indicator of shooting direction; bottom-left: level “medium”
and negative feedback; bottom-right: level “hard” and successful estimation.
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hit the position of target numbers accurately. The maximum deviation from the target
position/number allowed is held constant at 7%. Target numbers can vary from a
simple number to a calculation problem. After a start-up menu, the player can choose
between three difficulty levels easy, medium, and hard. On the easy level, the target
number is a simple calculation within the 0 to 20 number range. On the medium level,
participants had to estimate the position of a target number in the 0 to 100 range.
Finally, the hard level employed the number range from 0 to 1000 and starting and
endpoint of the range varied from trial to trial. In the current study, only the medium
level was used. When the target was hit with sufficient accuracy, the player scored 20
points minus the ADT (absolute deviation from target). In case of a miss, the player’s
score is reduced by the ADT.

The paper-pencil version comprised a multiple-page document with number lines
and target numbers between 0 and 100. The game ran on a 10”Medion Touch-Netbook
operated on Windows 8. Additionally, a questionnaire assessing user experience of the
game was developed and had to be answered by participants (Example question: How
much fun did you have playing the game? – [1: not at all -> 5: very much]; see
Appendix A).

2.4 Procedure

The experiment took about 10 min. After receiving oral and written instructions,
participants were introduced with an exercise to either the digital game-based or paper-
pencil version of the number line estimation task to get used to task requirements
(onboarding phase). The game was played on medium difficulty level only with target
numbers covering the whole range of the number line (0 to 100). Correspondingly, the
same procedure was used in the paper-pencil version of the task. Each participant then
had to indicate the position of 23 different target numbers in each version (in the order
of presentation, paper-pencil targets: 56,16, 49, 3, 23, 95, 45, 31, 14, 73, 54, 91, 82, 76,
37, 51, 2, 98, 62, 69, 87, 28,8; game targets: 48, 39, 65, 81, 67, 52, 4, 12, 97, 1, 21, 43,
93, 26, 58,19, 89, 96, 35, 53, 74, 6, 78). After completion of both tests, the ques-
tionnaire had to be filled out. There was no time limit during the whole procedure. For
the paper-pencil version, estimates on the number line were measured with a ruler and
converted to the corresponding relative number to evaluate the estimation error.
Afterwards, the single-factor-design allowed for t-tests to analyse all comparisons of
interest.

3 Results

Estimation accuracy differed significantly between the game-based and the paper-
pencil version of the number-line estimation tasks [t(17) = 11.41, p < .001]. The
results showed, that participants estimated the target numbers more accurate and with
less dispersion on the number line when they were performing the paper-pencil version
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[paper-pencil: M = 2.16, SD = 0.05; game: M = 5.28, SD = 1.88; see Fig. 2]. Con-
forming to this objective difference, participants also judged their own performance
between the two trainings to differ significantly [t(17) = 1.82, p = .043]. In particular,
they thought that their outcome was better in the paper-pencil version [M = 3.67,
SD = 0.97] than in the game [M = 3.11, SD = 1.08] which was in consonance with the
accuracy data. According to the questionnaire, participants seemed to have significantly
more fun completing the game-based version [M = 4.06, SD = 0.83] than the paper-
pencil version [M = 2.28, SD = 0.83; t(17) = 8.59, p < .001]. Moreover, design
[M = 3.83, SD = 0.62] as well as clarity of the game [M = 4.56, SD = 0.62] were
positively evaluated by participants. Overall, participants indicated a few problems
operating the slingshot [M = 3.12, SD = 1.04]. This was substantiated by qualitative
feedback. Some participants reported that they encountered problems handling shots
close to the ends of the number line (see also Fig. 2). Feedback that the game provided
was primarily perceived as helpful rather than disturbing [M = 3.89, SD = 1.02, see
Fig. 3].

Fig. 2. Estimation errors in the game (top/A) and the paper-pencil test (bottom/B). These errors
illustrate the average accuracy per target number across subjects. Higher values mean greater
deviation from the target position on the number-line.
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4 Discussion and Conclusion

The current study compared the performance of participants in two versions of the
number line estimation task. Even though participants had more fun using the game-
based version, accuracy was significantly higher in the paper-pencil based version of
the task. In the following, we discuss these findings and the implications of enriching
learning tasks with game elements.

Design of the game and its overall handling did receive very positive user-
feedback. Yet, participants sometimes stated that there is still room left for improve-
ment. For instance, they found targets on the very left or right side on the number-line
explicitly hard to hit (see also Fig. 2A). This seems to be reflected in the only low
positive evaluation of the slingshot-handling.

Obviously, there are some pitfalls that come along with an enriched digital learning
environment. While there are a few issues – we already mentioned for instance
problems with the slingshot handling – we want to focus on those that became apparent
in the comparison between the game and paper-pencil training. Most strikingly, there
was a difference in estimation errors participants made during the task. They obviously
had more problems accurately hitting the target in the game-based than in the paper-
pencil version, which seemed particularly apparent for target numbers close to start and
endpoint of the number line (see Fig. 2). Because of very accurate performance in the
paper-pencil-training, we must assume that participants have decent representations of
number magnitudes. Therefore, we may infer that the significantly worse performance
in terms of estimation accuracy in the game-based version originated from a property of
the game itself. The shooting mechanism, in particular the rather short visualization of
the beam in the game, is a very likely reason causing these performance deviations.
Accordingly, the visual distance to target positions in the middle of the number line is

0 
(n

eg
at

iv
e)

–
(p

os
iti

ve
) 

5

Game Paper-Pencil

Fig. 3. Mean results of the questionnaire on various facets regarding user experience of the
game-based as well as the paper-pencil learning task. Lower values (0) represent negative while
higher values (5) represent positive experience. Error-bars at the top represent standard errors.
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smaller as compared to positions towards the ends, requiring more visual extrapolation
of the trajectory of the slingshot ball.

Importantly, while this mechanic increases some levels of uncertainty and conse-
quently difficulty it also decreases the reliability of the game with respect to estimation
competence. Uncertainty is an important factor in engaging and motivating (e.g. [21])
players but may also improve learning outcomes due to its related release of dopamine
(e.g., [22, 23]). Some degree of reliability however is needed to determine and foster
players understanding of number magnitude. Importantly though, participants rated the
game to be considerably more fun than the paper-pencil-task. Consequently, while the
rather short visualization of the beam might have been a major contributor to partici-
pants’ enjoyment, it might have also led to the worse performance in the game-based
task as compared to the paper-pencil version. Similarly, Kiili and Ketamo [24] found
that although participants performed significantly better in a paper-pencil based math
test than in a game-based math test, the game-based test was more engaging.

Thus, the current results indicate that we may swapped a part of task accuracy and
reliability, respectively, in favour of task enjoyment. It is additionally conceivable that
an unknown amount of attention during the game is unwantedly shifted away from the
core task – and presumably towards the shooting mechanism. Future studies may
consider more exercises before the actual training to minimise the risk of handling-
biases originating from participants’ inexperience with a new interface. In line with
this, Kiili and Ketamo [24] have proposed that an appropriate onboarding phase should
be included in learning games to decrease mistakes caused by unfamiliar user inter-
faces, which should lead to smaller assessment errors in turn. In our case, some
inaccuracies may have been caused by the inexperience with the new interface
(i.e., slingshot mechanic), in particular targeting numbers on both ends of the number
line (see Fig. 2A). We may at this point hint to a similar mobile math training game,
Semideus, that needs an avatar to walk to the right place along the number line using
tablet-based tilt-control [25]. The game therefore implemented the same core task – the
number line estimation – but uses different control mechanics that enable high accuracy
and thereby maintaining reliability of the task. Although the developers faced a similar
effect as the tablet-based mechanics led to overall longer response times, hallmark
effects of number magnitude processing were successfully replicated [25, 26]. Based on
the study in which Semideus was used to train rational numbers, Lindstedt and Kiili
[27] showed that user interface checkpoint tasks revealing participants’ true controlling
ability through trivial tasks can be used to increase the validity of math assessments by
reducing effects of the user interface. The latter supports the validity of this instanti-
ation of a game-based number line task as an assessment and learning tool [19].

In sum, these examples show that game-based task realisations can inherit a trade-
off. In the present case this was reflected by heightened enjoyment at the expense of
accuracy. Careful and sophisticated game-design can cushion or minimize such a fun-
accuracy trade-off and simultaneously keep the clarity as regards content. Ultimately,
the person in charge of training or assessment is obliged to evaluate in how far positive
effects may outweigh negative ones, if existent, and which audience he/she intends to
reach. Training and assessment comprise the main applications of game-based learning.
and these two applications may come with different requirements. It would be rather
inacceptable when reliability issues bias the outcome of a game-based (math) test, for

174 S. Greipl et al.



instance, when introducing game elements for enjoyment may cause uncertainty with
respect to performance, which may ultimately be reflected in an official examination
(grade). In a training, however, such problems may be irrelevant when they evidently
do not impede actual learning. For instance, even if such a fun-accuracy trade-off
occurs in game-based learning, studies showed that the learning achievement was not
necessarily lowered [12], or it was regardless the most successful learning strategy [13].

The latter even speaks in favour of the perspective that motivation – especially
when intrinsically integrated – may potentially outweigh reliability issues. Semideus is
again an example where the constraints caused by the game-based implementation of a
task does not always lead to vital restrictions affecting the quality of the training nor the
assessment power of the game [25]. Last, as mentioned before, for some audiences the
motivational and engaging benefit originating from games designed for learning can
provide the critical impulse that tips the scales in advance for a topic that is negatively
connoted, tedious, boring, or otherwise difficult to approach (see e.g. [11]). To con-
clude, in some situations, depending on audience and/or game-design, trading relia-
bility for fun can be a good deal.

The present work outlines that game-based learning environments can induce a
setback that has to be evaluated carefully. In our case, however, there are some
restrictions hindering a more detailed evaluation of this phenomenon. We already
mentioned, for instance, handling issues, mainly regarding the slingshot and its beam.
It is also likely that the onboarding phase was too short to make sure that participants
were prepared enough to minimize interface induced biases. Because the paper-pencil
method produced high accuracies despite a short introduction to the task, our findings
suggest employing an appropriate adjustment of the onboarding phase when interacting
with a new interface. Other criticism can be pointed out about the rather small sample
size and the age of participants. In particular, we did not assess participants previous
experience with tablet/touch-devices or even digital games, which might have affected
our results.

Future studies will have to clarify the fun accuracy trade-off present in this and in
other games and its theoretical and practical relevance. This entails the direct com-
parison of games for learning to conventional learning methods individually as well as
in long term and for different skill/interest levels in the respective learning domain.
Different skill and interests may have differential implications with respect to a con-
tinuum, in which seemingly a part of precision/reliability is given up for motivation or
engagement. For instance, an engaging but less accurate learning game may act as a
door opener for a child who struggles in the respective domain, but a child with high
intrinsic motivation may not benefit from – or even be demotivated by – such a learning
environment.
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Appendix

See Table A.
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Abstract. Video games have been known to increase the levels of player’s
motivation. This initiated the emergence of serious games and gamification to
exploit game elements and mechanics for increasing the motivation in non-game
contexts. The research reported in this paper used psychological theories of Self-
Determination Theory (SDT) and Self-Efficacy Theory (SET) to design three
versions of a game. The first version was based on SDT, the second on SET and
the third version was based on a combination of these two theories. The
objective is to investigate the impact of each game design on the user motivation
and performance. An experiment of playing the games designed with these
features was conducted. Surprisingly, the results on the objective evaluation
revealed that there is no significant difference among the groups in terms of
engagement and performance. Furthermore, these findings were confirmed by
the results on the subjective evaluation of player’s perceived motivation, which
showed no significant difference between the three experimental conditions.

Keywords: Self-determination � Self-efficacy � Game design � Motivation �
Engagement

1 Introduction

Motivation is the driving force of all of our actions. Deficiencies to motivation can lead
to undesirable consequences. In extreme cases, it can cause severe problems such as
hypophagia and starving to death [1]. Finding novel and effective ways to influence and
increase the motivation can help humans to overcome countless problems. Hence, there
have been plenty of efforts to improve our recognition of its nature and underlying
mechanisms. Psychological theories such as Self-Determination Theory (SDT) at-
tempted at explaining the building blocks of motivation and what drives us to action
[2]. SDT argues that the need for three factors of relatedness, competence and
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autonomy generates the intrinsic motivation that can push us to accomplish our goals
[3]. However, SDT is a macro theory of human motivation and its three outlined
components are really broad [4]. Thus, some researchers have decided to investigate
the effect of integrating SDT with other psychological theories such as Self-Efficacy
Theory (SET) to create a more concrete and practical theory, as well as increasing its
effectiveness [5, 6].

Video games have been known for a long time to produce a surge in motivation and
engagement levels [7, 8]. The motivational boost produced by video games motivated
scientists and researchers to exploit game elements and mechanics for non-game
purposes. This led to the emergence of fields such as gamification and serious games
[9–11]. However, there exist plenty of game elements and mechanics, and it is
important to recognize which game design produces the most motivation. One solution
can be to test the engagement and motivation of the users with multiple game designs
each based on different motivational theories.

The objective of this study is to investigate the integration of self-determination and
self-efficacy theories in game design and compare the integrated design with the
designs based on self-determination and self-efficacy individually. For this objective,
three variations of a simple video game were developed, and each of the variations was
based on one of the mentioned theories (SDT, SET and SDT+SET). Forty-six partic-
ipants were involved in the experiment and they formed the three experimental groups.
The data related to their performance and engagement were automatically recorded.
The outcome results were analyzed to test the hypothesis of this study, which supposes
that integrating self-determination, and self-efficacy theories in game design would lead
to enhanced levels of motivation and performance.

The paper is organized as the following: Sect. 2 introduces SDT and SET and the
related studies reported in the scientific literature. Section 3 presents the developed
game and three variations of the game design based on each of the theories and the
combined version integrating SDT and SET. Section 4 presents the methodology of the
experiment design. In Sect. 5, the results from the analysis of the effect of each game
design on the levels of engagement and performance are presented with the discussion.
Finally, Sect. 6 presents the outcome of this study, its limitations and the conclusion
with the future research.

2 Related Works

2.1 SDT, SET and SDT+SET

Self-Determination Theory (SDT), is a macro-theory framework for studying human
motivation, it was first proposed by Deci and Ryan [2, 12, 13]. SDT defines psycho-
logical needs that need to be satisfied to foster motivation. The three psychological
needs are Autonomy, Competence and Relatedness. Autonomy concerns with the sense
of free will and being the agent of our own decisions. Competence is the need of being
effective and competent in a task. Relatedness is the need of interacting with people,
feeling attached or belonging to some groups.
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Bandura [5] has defined self-efficacy as “the conviction that one can successfully
execute the behavior required to produce the outcomes”. Therefore, in this theory, the
self-perceived judgment of one’s capabilities is more relevant than the actual capability
of the individual [14]. Bandura suggested four different sources for self-efficacy, which
are Performance Accomplishments, Vicarious Experience, Verbal Persuasion and
Emotional Arousal. Performance accomplishment is more related to the past successes
and failures on a certain task and the perceived capability of accomplishing it.
Vicarious experience happens when people see other people similar to them performing
that specific task without too much hardship, this adds to the self-perceived capabilities.
In addition, verbal persuasion from others can add to this perceived self-efficacy,
although, the effect might be limited. Finally, emotional arousal relates to the emotional
and physiological state of the person in face of a task, and people rely on their
emotional arousal state to judge their self-efficacy.

Techatassanasoontorn and Tanvisuth [15], integrated SDT and SET to examine the
influence of self-determined motivation on Information and communications technol-
ogy (ICT) training outcomes and acceptance with emphasis for internet skill of a Thai
community. They found that the individual with a higher self-determined motivation to
participate in ICT trainings, are more predisposed to develop their Internet self-efficacy,
training satisfaction and usage intention.

Sweet et al. [6], integrated and tested SDT and SET in the context of physical
activity. In their work, they proposed an integration based on SDT’s three psycho-
logical needs, where they replace Competence with SET and rename it as Confidence.
They found that the integrated model was favorable over the individual theory models,
but they warn that such conclusions warrant caution.

Sweet et al. [16], integrated SDT and SET and made a longitudinal test on post-
cardiac patients for physical activity. They denote the need for physical activity for
post-cardiac patients whom they present low adhesion to this activity. Hence, they
proposed to fuse the two motivational theories for motivating patients to perform the
necessary activities. In their experiment, they used questionnaires to assess both SDT
and SET, and then they analyzed the results. Although their motivational construct was
not able to predict physical activity change in a period of four months, the results
suggested that it is possible to combine both theories.

2.2 SDT and SET-Based Game Mechanics in Serious Games

Peng et al. [17] presented one of the few works that actually implemented SDT through
game features. In their work, they implemented autonomy and competence but not
relatedness, hence implementing only two out of the three core constructs of SDT.
Three features were identified and manipulated to relate them to the concept of
autonomy: character customization, virtual currency to buy power-ups and freedom of
dialogue interaction with non-player characters. To support competence, another three
features were implemented: dynamic difficulty adaptation, progress bar and achieve-
ment in the form of badges. Although they were unable to measure the impact of each
feature individually, they found evidence that both groups of autonomy-supportive and
competence-supportive features led to greater game enjoyment, greater motivation for
future gameplay, higher likelihood of recommending the game and greater game rating.
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Francisco-Aparicio et al. [18], implemented SDT through gamification to satisfy
users’ three psychological needs. For Autonomy, they used profiles, task selection,
configurable interface, privacy control and notification control. For competence: karma
system, positive feedback, badges, real-time information, challenges and leaderboards.
For Relatedness; working groups, messages, blogs and connection with social
networks.

Although it was not implemented nor tested in a real system, Prouxl et al. [19]
proposed to map SDT to a theoretical framework for designing serious games aimed at
learning. The selected theoretical framework was the Learning Mechanics and Game
Mechanics (LM-GM) [20, 21]. This work relates learning mechanics to game
mechanics and classifies them according to different extrinsic and intrinsic motivation
levels.

In their work, Richter et al. [22], analyzed several motivational theories and
mapped them to game mechanics. Some of these theories include SDT, hierarchy of
needs, SET, need achievement theory, goal setting theory, social comparison theory,
Personal investment theory, expectancy value theory and skinner’s principle of
partial reinforcement. For SET, they proposed the following mechanics:
audio/verbal/visual/music/sounds effect, progress bar, points/bonus/dividend, mini
games/challenges/quests, badges, virtual goods, leaderboard, rewards-choosing colors,
power, achievements and levels. However, this work lacks an experimental design to
test the proposed approach.

3 Hypothesis

In the context of the research and based on the previous psychological findings, it is
hypothesized that combining self-determination and self-efficacy will lead to enhanced
motivation and better performance. In order to confirm this assumption, the following
research question is stated: Does the integration of self-determination and self-efficacy
enhance motivation and performance?

4 Developed Approach

In order to study the effect of SDT and SET on the player’s in-game performance, a
video-game system was developed. To keep the rules and interaction as simple as
possible for the player, a platformer infinite-running type of game was developed. In
this kind of game, the objective of the player is to accumulate maximum points possible
by lasting as much time as possible while avoiding the obstacles. The interaction of the
player is limited to pressing one button to command the in-game character to jump to
avoid both the obstacles and falling.

To speed up the development, the video-game was adapted from the one presented
in the tutorial “Let’s Make a Game: Infinite Runner” presented at Unity Tutorials [23].
In this game, as shown in Fig. 1, a series of platforms were randomly generated in front
of the player. The platforms were aligned to create three height levels, the player can
jump between platforms while picking up coins and avoiding bombs. The score of the
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player is increased based on how much time he keeps his character alive and the
number of coins he collects. The game session lasts until a bomb is touched, or the
character falls to a pit. The player controls the jump of the character and he can even
perform a mid-air jump, but he cannot control the force nor modify the starting tra-
jectory of the character. Three different levels of difficulty were presented to the player
to select: easy, normal and hard. The difference between the three levels of difficulties
is an increase in the speed of the game and hence faster player reactions are required at
harder levels.

Changes to the game mechanics were made in order to implement the different
features that could foster either SDT or SET. These modifications resulted in three
different game modes, one mode related to each of the theories of SDT and SET and a
mode for the integration of SDT and SET. This represents the three experimental
conditions of this study. The implementation and the difference between the developed
game mechanics are shown in Fig. 2, they are explained as follows:

• Profiles, score and levels: These three mechanics were implemented in the same
way for the three game modes. To create a profile, the user has to provide his
nickname, age, sex, dominant hand, whether he wears glasses and his prior expe-
rience with infinite runner type of videogames. The objective of entering the player
profile is to identify and save the data of the user for further analysis. In addition,
the profiles helped to implement the leaderboards mechanic. Points are constantly
shown to the player as his total score while playing the game and at the end of the
session. The scores increase with the time that the character is alive and by
obtaining coins. Finally, three levels were implemented, easy, normal and hard. The
difference between these levels is that the speed of the game is increased and
hazards are spawned more often.

• Character selection and environment configuration: To fulfill the player’s need for
Autonomy, character selection and environment configuration mechanics were
provided. At the start of the experiment and later at the in-game personalization
option, the player is asked to select one of seven different characters, one of four
possible backgrounds and one of two different songs. These options are presented in

Fig. 1. (A) User playing the game. (B) Screenshot of the game containing the player’s character,
the three height level platforms, bonus coins and hazardous bombs
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the game session and can be changed at any time when desired by the player. In
terms of gameplay, all the options are merely aesthetic, as they do not confer any
advantage or disadvantage in the game session. These two mechanics exist in the
SDT and SDT+SET game modes, but not in the SET mode where the player has to
keep the default options.

• Training/Tutorials: Tutorials, particularly interactive tutorials are a very appropriate
way to achieve SET’s Mastery Experiences. In the SET game mode, the player is
unable to play the game session in any difficulty level until he first completes the
tutorial. The tutorial is divided in five successive stages; each stage aims at teaching
the player a single gameplay rule of the game. Unlike the game sessions, the tutorial
stages have a starting point and a goal, reaching the goal will open the access to the
next tutorial. For completing the tutorial stages, the user has to understand a
gameplay rule and apply it to proceed. The first tutorial stage is aimed to teach the
player how to jump; simple obstacles and pits are present. To complete the stage the
player has to avoid them. The second tutorial stage aims at teaching the mid-air
jump, which is very similar to the first stage; but the obstacles and pits are larger,
hence requiring the use of mid-air jumps to proceed. The third stage is for under-
standing the bonus represented by coins. By obtaining coins, the user will under-
stand how they increase his score and why it is important to take as many as
possible in order to reach higher scores. The fourth stage is about hazards, namely
the bombs. If the player touches a bomb, he loses and he has to restart the tutorial.
To reach the goal, the user has to avoid all the hazards. The fifth and final tutorial
stage is a combination of the first four stages. By combining all the learnt lessons in
a single mission, the player is requested to correctly make use of all the knowledge
presented in the tutorials to reach the goal. After completing the final tutorial stage,
the player is able to play the game session in easy difficulty, once he played at least
one easy session, he can select normal difficulty and then, the same process is
devised for hard difficulty mode. In the SDT mode, the tutorial is not present and

Fig. 2. Game mechanics implemented for SDT, SET and the integration of SDT+SET
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the player can select from the start, any preferred difficulty level, this is in order to
avoid limiting his autonomy. The SDT+SET mode presents the combination of the
other two game modes. The tutorial is provided, but its completion is not necessary
for having access to the three difficulty levels of game sessions. Hence, the user can
benefit from mastering the game experience, without limiting his autonomy in
choosing to play the game sessions whenever he wants.

• Leaderboards: This mechanic was included to promote SDT’s Competence and
SET’s Vicarious Experiences. In all the experimental conditions, the leaderboards
are shown at the end of each game session. Leaderboards show the name, age, sex
and score of the top players. For SDT game mode, the top ten players for each
difficulty are shown, there are three leaderboards, one for each level: easy, normal
and hard. For the SET condition, leaderboards are also provided for each difficulty
level. However to differ from SDT condition and to trigger vicarious experiences
the leaderboard shows only the high scores of people having the age close to the
player’s age. Vicarious experience can be triggered in people when they are
informed about the people that they consider similar to them and they completed the
task at hand successfully. Since the developed system does not include multiplayer
capabilities, it was assumed that leaderboards defined by the age could implement
this experience. The reason behind choosing this mechanic in the infinite runner
game, which is mainly based on quick reaction time, is by considering that older
people generally have a slower reaction time than younger players. Hence, it was
decided that comparing older and younger players will not produce the feeling of
having similar people achieving a task, but comparing similar-aged people could
produce the feeling of vicarious experience. For creating the sense of similarity
between players, a range of three years for each player was considered to identify
similar-aged players. The player under this experimental condition will only see the
scores of people of their age group, which is denoted inside the game as “highscores
in your range of age”. The SDT+SET condition shows both of the two types of
leaderboards described previously.

• Instant and positive feedback: This mechanic was used to strengthen the SDT’s
Competence and SET’s Social Verbal Persuasion. In all three game modes, instant
and positive feedback is shown under two conditions: first by increasing the
player’s score based on how much time he/she stays active. The player can see
his/her score increasing in the upper left part of the screen; the second condition is
when the player picks up a coin, in this case, a number (+200) is shown in the
position were the coins are displayed. A positive sound is played and the score is
increased likewise. As previously stated, the developed game does not include
multiplayer mode, hence, social interaction is limited. In order to implement social
verbal persuasion, voices of natural spoken speech were recorded, saying positive
motivational phrases such as “well done” and “perfect”. These voices are randomly
played when the player obtains between three and five coins.

• Teams, collaboration and competition: These mechanics were selected to fulfil the
player’s psychological need for Relatedness in the SDT and SDT+SET game
modes. At the start of the experiment, to foster the sense of belonging, the player
has to choose to be part of the yellow or the red team; this decision cannot be
changed later. Belonging to a team allows collaboration with teammates and
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competing against other teams. For collaboration, when the player completes a
game session, his score in the specified difficulty level is added to his team’s total
score. Hence, there are three scores for each team; they are based on each difficulty
level. The team score is shown at the end of the game session. In order to create the
sense of competition, the score of the adversary team is also shown. In addition to
being a member of a team, the player feels motivated to collaborate for increasing
his/her teams’ score in order to beat the adversary team, thus promoting
competition.

It is important to note, for implementing the leaderboards and team mechanics,
fictive data was included in the game. The objective is to provide a starting point for the
participants to have a “fake player” to beat individually and as a team. To avoid bias in
the experimentation by players trying harder to beat the latest highscore, the leader-
board data was kept the same for all players. The fictive data is excluded from the data
analysis of the experimental study.

In addition to the data captured during the user’s profile creation, in each of the
selected game sessions, the game automatically captures the score and the time spent in
the session.

5 Methods

5.1 Participants

Forty-six volunteers participated in this experiment and assigned randomly, 16 to SDT
condition, 15 to SET, and 15 to SDT+SET. The subjects are researchers, personnel and
students from the university community. The sample was comprised mainly of females
(59%). Ages ranged between 17 and 70 years (Mean = 30.93, SD = 13.78). Forty-five
subjects are right handed (98%). 28 participants wear glasses (61%). All the partici-
pants were asked to rate their prior experience with infinite runner type of video games
in a scale ranging from 0 to 10 (where 0 represents no experience and 10 represents
a very experienced user). The reported prior experience has a Mean = 3.22 and
SD = 2.83.

5.2 Procedure

Three experimental conditions were tested: SDT, SET, SDT+SET. An infinite-runner
game was created based on a tutorial and different game mechanics were devised for
each experimental condition.

The experiment was conducted individually in equal set-up conditions across the
three experimental conditions. All participants where positioned in front of the same
laptop where the game was running. The laptop was a Lenovo B50-80, with a pro-
cessor of Intel Core i5 2.20 GHz, 8 GB RAM, Intel HD Graphics 5500 graphics card,
15.6″ HD screen and integrated speaker set to a comfortable volume. All participants
were sitting on the same chair at the same height (40 cm). The laptop was set on a desk
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at 80 cm of height and to 15 cm from the edge of the desk. For the interaction, a mid-
size mouse was set to a side of the laptop, participants were allowed to move the mouse
to any position they found most comfortable for them.

A between subjects design was adopted for this experimental design. The volun-
teers were assigned to the experimental conditions randomly and they arrived
according to their availability. In order to avoid the bias that might be caused by the
intention of completing the experiment in rush, the subjects were asked to be available
for 30 min, although the experimentation time for each subject was expected to be a
maximum of 15 min. Each subject was assigned to one of the three experimental
conditions randomly. The basic rules of the game were briefly explained to each subject
prior to starting the experiment: “one click to jump, one click to perform a mid-air
jump, try to collect coins, avoid bombs and pits, and the playing time is not limited”.
Subsequently, they were assisted to create their profiles in the game. Then, they played
the game until they decided to finish the experiment.

5.3 Measures

Objective Evaluation:

• Player performance: At the end of each game session, the total score of the player
was automatically saved to a file, which was eventually used for the analysis.

• Player engagement: In addition to saving the total score of the player at the end of
each session, total time was also saved. Total time for each session and the number
of sessions played in each difficulty level, were used to assess the player’s
engagement.

Subjective Evaluation:

• Player’s perceived motivation: In order to capture the perceived motivation, the
Situational Motivation Scale (SIMS) was applied [24]. This scale measured the
player’s own self-perception on Intrinsic Motivation, Identified Regulation,
External Regulation and Amotivation. This test was administered in the form of pre-
test post-test.

• Player’s perceived system usability: The Usability of the system was assessed by
applying a short version of the System Usability Scale (SUS). This test was applied
in the form of post-test [25].

• Game mechanics and their impact on the player’s motivation: A questionnaire was
devised to assess whether each of the implemented game mechanics was perceived
as motivating or demotivating.

6 Analysis of Data and Results

The 46 participants formed the three experimental groups of SDT, SET and SDT+SET
with 16, 15 and 15 subjects respectively. For each subject, a set of subjective and
objective data was captured. The subjective data was obtained via questionnaires, and
the objective data was captured automatically from the game experience of each
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participant. For each subject three main outcome of the objective data were extracted:
Total Sessions (sum of the number of sessions played for each difficulty level), Total
Time (sum of the duration of times spent in playing each difficulty level), and Max
Score (maximum of recorded high scores throughout all the difficulty levels).

For each of these dependent variables normality test of Shapiro-Wilk was con-
ducted. The results of this test showed that the data belonging to Total Sessions and
Total Time were not normally distributed for any of the experimental groups. P-values
of this test for the variable of Total Sessions were: p = 0.0002 for SDT group,
p = 0.001 for SET group and p = 0.0001 for SDT+SET group. For Total Time,
p = 0.002 for SDT group, p = 0.001 for SET group and p = 0.001 for SDT+SET
group. However, the results of Shapiro-Wilk test for Max Score confirmed its normality
throughout the experimental conditions (p = 0.679 for SDT, p = 0.287 for SET and
p = 0.263 for SDT+SET). Additionally, Levene’s test of homogeneity of variances was
conducted for Max Score, and the results confirmed the homogeneity of this data across
the different groups (p = 0.433).

The test of Shapiro-Wilk was applied to the data of these variables based on
independent variables of Age Group, Gender and Experience Level. They all followed
the same pattern for the normality test, in which the data groups belonging to Total
Sessions and Total Time were not normal, but the data groups belonging to Max Score
was normally distributed. Hence, for the normal data One-Way ANOVA, as well as
Post-Hoc test of Scheffe, was conducted and for not-normally distributed data the non-
parametric test of Kruskal-Wallis was applied.

The results of Kruskal-Wallis test on the variables of Total Sessions and Total Time
between the three experimental groups (SDT, SET and SDT+SET) were not statisti-
cally significant (H(2) = 0.422, p = 0.810 for Total Sessions, H(2) = 0.666, p = 0.717
for Total Time). In addition, the result of One-Way ANOVA on the variable of Max
Score among the three experimental conditions (SDT, SET and SDT+SET) was not
statistically significant (F(2,45) = 0.987 and p = 0.381). Moreover, the same tests of
One-Way ANOVA and Kruskal-Wallis were performed on the data of each variable
categorized based on Age Group, Gender and Experience Level. The only statistically
significant result that was found belongs to the One-Way ANOVA test on data of Max
Score categorized based on Experience Level (F(2, 45) = 8.713 and p = 0.001). This
indicates a logically expected positive relationship between the prior experience in this
type of games and the performance. However, no significant effect of Gender and Age
group was found on these three variables.

The results from pre-test post-test questionnaires were extracted for the variables of
Intrinsic Motivation, Identified Regulation, External Regulation and Amotivation. The
difference between pre-test and post-test was calculated and the outcome was tested for
the normality and homogeneity. The variable of External Regulation did not pass the
Shapiro-Wilk test for normality. Hence, One-Way ANOVA test was conducted for the
other variables and the results did not indicate any significant difference among the
three experimental groups: Intrinsic Motivation F(2,45) = 0.243 and p = 0.785, Iden-
tified Regulation F(2,45) = 0.356 and p = 0.703, and Amotivation F(2,45) = 0.080
and p = 0.923. Furthermore, the non-parametric test of Kruskal-Wallis was applied for
the data of External Regulation. The results showed no significant difference among the
three experimental groups (H(2) = 0.716 and p = 0.699). Finally, the Paired-Samples
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T Test was conducted to analyze the difference in the level of intrinsic motivation
before and after the experiment. This test was carried out separately for each of the
experimental groups and the results showed a unique significant difference for SET
(t(14) = −2.559 and p = 0.023), which was not observed in the other experimental
groups. Cohen’s d effect size value (d = 0.66) suggested a moderate to high effect size.

The usability was assessed with the short post-test of SUS. The used scale ranged
from one to five. On average, when the participants were asked if they would like to use
the system frequently if it is available, produced a score of 3.3. When they were asked
if they think that the game was easy to use, they produced an average score of 4.39.
Participants gave an average score of 4.60 when they were asked if they think that most
people will learn to use the game quickly. Finally, a score of 3.86 was given when they
were asked if they felt confident when using the game.

Finally, a questionnaire was included to assess which game mechanics were per-
ceived as more motivating for the players. The scale ranged from −3 (Very demoti-
vating) to 3 (very motivating). The game mechanics that were perceived as more
motivating were: watching the highscore in the player’s range of age (mean = 2.36),
being able to choose between doing and not doing the tutorial (mean = 2.2) and being
able to select your character (mean = 2.12). The least motivating game mechanic was:
being forced to complete the tutorial before being able to play the game (mean = 0.66).

The results did not confirm the hypothesis that combining self-determination and
self-efficacy in game design would lead to enhanced motivation and performance.
However, this does not imply that the hypothesis is not plausible. Specific attributes of
the experiment design in this research (e.g. type of game, game design, and environ-
ment of the experiment) might have contributed to the results of the experiment. Thus,
additional investigation and experimentation are necessary to confirm this research
outcome.

7 Conclusion and Research Perspectives

Motivation is not a simple construct and recognizing its underlying mechanisms has
been the subject of a plethora of scientific research. This paper aimed at investigating
the impact of combining self-determination and self-efficacy theories in game design on
performance and user engagement. Three variations of a game were designed based on
each of these theories and a combination of them.

The statistical analysis revealed that there is not any significant difference between
the experimental groups in terms of maximum score, number of sessions and total time
spent in playing the game. These results did not confirm the hypothesis considering that
integrating self-determination and self-efficacy would lead to enhanced performance
and engagement. Additional analysis did not show any significant difference in terms of
engagement among different levels of prior experience in this type of games. However,
prior experience was shown to have a significant positive impact on the performance
(Max Score).

Additionally, the analysis of the user feedbacks obtained through questionnaires did
not reveal any significant difference among the experimental conditions in terms of
Intrinsic Motivation, Identified Regulation, External Regulation and Amotivation.
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However, a significant difference was found between the pretest and posttest ques-
tionnaires of SET condition on Intrinsic Motivation. This effect was not observed in the
other experimental groups. Finally, the participants perceived the developed system as
easy to use. The most motivating feature was to compare highscores between players of
the same range of age; the least motivating feature was being forced to complete the
tutorial before being able to play the game.

More investigations are necessary to check the validity of the results obtained in
this study. Future experiments should involve bigger sample size of subjects. In
addition, future experiments could include multiple games and allow the participants to
choose among them, in order to increase their sense of autonomy. Additional indica-
tors, such as emotion recognition should be included to evaluate the effect of the
emotional state of the user during the gameplay. This could confirm the interplay
between self-determination and self-efficacy in game design.
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Abstract. The issue of national and European identity is driving many of the
issues that are currently of concern to European citizens. The Erasmus+ funded
RU EU? project aims to develop an innovative online game, the RU EU? game,
that will help students across Europe to develop a better understanding of their
own National and European identity and values, as well as those of others, and
to challenge them about their attitudes and prejudices by tackling problem
solving dilemmas relating to identity. It is hoped that the game will provide an
engaging platform for young Europeans to confront some of the complex and
confusing issues surrounding National and European identity at a time of change
and increasing tension across Europe. This paper describes the early stages of
the game design and focuses on characterizing the learning outcomes and game
mechanics for the RU EU? game and bringing these together.

Keywords: Serious games � European identity � RU EU? Project �
Learning outcomes � Game mechanics

1 Introduction

We are once again living at a time of increasing uncertainty in Europe with respect to
how European citizens get on with each other and it is acknowledged that there is a
need to increase civic and intercultural understanding. Despite the European project,
there is a lack of development of a sense of European-ness among many member states
(Leith and Soule 2017; Sim and Leith 2014). Identity remains rooted in the national
rather than the European, and the European Experiment is under challenge as a result.
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At a time of change across Europe, it is very important to try and understand why
European citizens have very different views of themselves and others and what
motivates these differences. It is against this background that the RU EU? Project was
proposed. The main objective of this project is to develop an innovative online game,
the RU EU? game, that will help students across Europe to develop a better under-
standing of their own national and European identity and values. The idea for the game
emerged from discussions about the recognized advantages that games can offer in
providing engaging activities that can support learning in difficult subject areas (Boyle
et al. 2012). Serious games are a relatively new area of interest but hard evidence is
beginning to emerge that they support longer term retention and deeper learning of
subject material (Wouters, Van Nimwegen, Van Oostendorp and Van Der Spek 2013).

Given the complexity of the political situation in Europe it was thought that a game
might provide an active method for helping students to think in more constructive ways
about these issues. Serious games can provide engaging activities while also supporting
learning in challenging content areas (Boyle et al. 2012). Consequently it is hoped that
the RU EU? game can provide an engaging platform for young Europeans to explore
their own views as well as those of others, to examine and reflect upon the impact of
their own identity and values on their interactions with others and to challenge them
about their attitudes and prejudices in tackling problem solving tasks involving national
and European identity. Since young people will play a key role in the determining the
future of Europe, it is especially important to find out what they think and how they can
work together.

This paper describes the early stages in the design of the RU EU? game, focusing
on the learning outcomes and game mechanics for the game, how these were specified
and brought together. The topic fits well as a case study within the “Mapping peda-
gogical goals, outcomes and principles into serious game mechanics” strand of the
serious games design track for the GALA conference.

2 Game Design Models and Learning Outcomes

Designing serious games is a complex, interdisciplinary enterprise which is typically
regarded as an iterative process, where ideas are proposed and developed into proto-
types and then refined, amended or rejected at different stages depending on how well
they work (McGrath 2011). While there is still no universally accepted model of
serious game design, it is clear that the central factor in effective game design requires
consideration of how instructional content and game characteristics are integrated to
create the game activities, which in turn lead to clear learning outcomes (Garris et al.
2002). Generally it is not very clear what game attributes support what kind of learning.
As Wilson (2009) said “little is known about what components of these games (i.e.,
game attributes) influence learning outcomes”. Arnab et al. (2015) proposed a similar
but more detailed model for the analysis and design of serious games, the Learning
Mechanics-Game Mechanics (LM-GM) model, that endorsed the need to integrate
learning (LM) and game mechanics (GM). Arnab et al. identified 31 learning
mechanics (such as explore, identify, analyse) and mapped these into appropriate game
mechanics (such as game turns, movement, feedback), providing a useful model for
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game design. Garris, Arnab and others make it clear that it is imperative to be clear
about the learning outcomes sought for the game, and how these can be realized in
gamified learning activities. Identifying learning outcomes for games can be difficult
and authors have categorized them in different ways (Wouters, van der Spek and
Oostendorp 2009).

3 The Design of the RU EU? Game

3.1 Learning Outcomes for the RU EU? Game

The general aim of the game activities in the RUEU? Game is to increase players’
awareness of the complex nature of EU and national identity. The original project
proposal for the RU EU? game identified 4 main learning outcomes for the game as:
knowledge acquisition, attitudes, application of knowledge and collaboration.

Knowledge acquisition: players will extend and test their knowledge about Europe,
European customs, values and traditions. This will be assessed via Multiple Choice
Questions.

Attitudes: players will test their own attitudes to national and European identity and
this will be fed back to the player to reflect upon. A very simple easy-to-administer
measure that assesses both positive and negative attitudes towards the EU simultane-
ously is the evaluative space grid (Maier, Maier, Baumert, Jahn, Krause and Adam
2015).

Application of knowledge scenarios: players will solve challenging, ill-defined
problems surrounding issues that are rooted in notions of identity. This was viewed as
the main substance of the game where players encounter problem scenarios that tackle
some of the difficult dilemmas concerning conflicting national and European identities.
The aim of the dilemmas is to encourage players to consider and understand both sides
of the argument in order to progress in the game. Since much of the information we
have about identity is conveyed in the things that people say about their attitudes and
opinions, it would appear to be useful for the player to interact in the game with a range
of people (non-player characters) in different scenarios who express differing views
about aspects of European identity. The players would then need to carry out a range of
activities with the information that they had collected about the different viewpoints
and for example organize statements into higher order categories, match the statements
to higher order categories, rank them in terms of importance and evaluate them for
relevance. Given all the text involved there was a concern that this risked being a bit
boring, so the gameplay would need to be engaging.

Collaboration: players will collaborate in teams to tackle the problem solving and
decision making scenarios. Our current thinking is that this element of the game will be
located in the student support materials attached to the game.
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3.2 What Is European Identity?

The first hurdle to emerge in designing the RU EU? game was to agree what European
identity meant. As with many constructs in social science it was not very clear what this
key construct meant and even our literature review that aimed to provide clarity about
European identity concluded that “there is no real agreement on what it actually is” (Sim
et al. 2018)! However Van der Zwet and Leith (2017) proposed that our understanding
of the key components of European identity as involving: (1) Functional/instrumental
considerations regarding the costs and benefits of European integration, (2) Value-based
considerations that relate to shared beliefs and norms often expressed through political
institutions (3) Cultural considerations which are often a more emotive identification to
Europe as a shared cultural entity (4) Biological/geographical considerations which are
more ethnic driven identification markers. Designing the game based on these com-
ponents of identity will ensure that the game has theoretical integrity with respect to
European identity.

It was thought to be important to convey the complexity of EU identity in the game
and some understanding of its components. Since much of the information we have
about identity comes from the things people say, it became evident that it would be
useful for the player to interact in some way with varied non-player characters who
express differing views about European identity. Players would then need to do
something with this information, since it could be challenging to maintain interest in
discussion of EU related issues. The game will be available in the languages of the 5
project partners: English, Dutch, German, Greek and Croatian.

4 What Game Activities/Game Mechanics Can Provide
the Desired Learning Outcomes?

4.1 Game Genre

As Arnab et al. (2015) “It can be readily seen from entertainment gaming that certain
genres, such as role-playing, action, adventure and simulation, share similar interaction
models and game-play dynamics”. Since the game is dealing with knowledge, attitudes
and decision making, it seemed likely that the RU EU? game would involve aspects of
simulation and role playing games. The game would simulate scenes where different
individuals express varied opinions as they put forward their arguments about various
issues related to the EU. Since positions on EU identity are frequently expressed as pro
or anti EU, there seemed to be an option to have an argument set up where players took
one of two roles – pro or anti EU – and then came to some kind of resolution.

Role play games specify further that the player would take on the function of a
specific character. Initially we thought of characters role playing in a meeting to
negotiate and resolve problems with differing opinions. However, as the Brexit dis-
cussions illustrate, negotiating outcomes in this area seems to be very difficult. We then
had the idea that the player would be a journalist trying to acquire a better, more
balanced and more critical understanding of the topic of national and European
identity.
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4.2 Narrative and Player’s Brief

A good narrative in a game helps to provide a rationale for carrying out the game
activities and structure the game activities into a coherent whole. The suggested
overarching narrative for the RU EU? game is that the player takes on the role of a
freelance research journalist who writes for a number of local, national and European
newspapers. Like most journalists, he also writes a blog.

For the RU EU? game the player’s brief is to help the readers of these newspapers
to gain a better understanding of European and national identity. The player will carry
out a number of assignments reporting about various issues relating to European
identity and values that readers of the newspapers are struggling with. The player has
access to material from a variety of sources including interviews with non-player
characters (NPCs) and he will also have information coming into him via emails, texts
and Twitter. He will carry out activities similar to those that a journalist might do, such
as tracking down, sifting through and organizing material and collating and compiling
this material into a draft article for later publication.

4.3 Setting

While he is carrying out these activities the journalist (player) will be located in front of
his desktop computer in his office (Fig. 1).

4.4 Scenarios for the Game

Most of the gameplay for the game was regarded as being located in the problem-
solving scenarios. The literature review suggested that there are a number of themes
that could be developed into scenarios and 5 scenarios have been identified as relevant:

1. The balance between national and European identities
2. Who is European? Different attitudes between nations
3. The rights of citizens to work in different partner countries

Fig. 1. Work environment of main character
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4. Changes to European identity over time
5. Immigration and the rights of migrants to travel throughout Europe

The scenarios provide the main guts of the game. They have been structured in a
similar way using an agreed template to provide a common systematic approach to
describing: (a) the tasks or assignments the player will do, (b) the knowledge and skills
the player acquires in doing these tasks, (c) who is there to help the player, (d) at what
stage in the overall game that scenario is played, and (d) what are the entry and exit
conditions for that scenario.

For each scenario there are 4 different scenes that the journalist will access which
depict the interviews carried out with the different stakeholders. The scenes will be
represented on another screen that the journalist will access by clicking on it. The
scenes depicted will differ from one scenario to another, but they will always illustrate
the varied views that different stakeholders have about EU issues. The scenes in the
balance scenario for example would include (1) a discussion in a pub, (2) a debate in a
TV studio, (3) an interview with a manager of a recruitment firm and (4) incoming
tweets. For every scene for ever scenario, the journalist will carry out research to
compile a short article (composed of bullet points) at the end of mini-game play. As a
good journalist, pros and cons from various resources will be reflected in these articles.

The Learning Objectives for the scenarios are:

1. To be exposed to, understand and appreciate different viewpoints and opinions
about EU and national identity

2. To understand that people have pro, anti, balanced or neutral views with respect to
EU identity

3. To start to identify what the stakes in the balance debate are, i.e. the varied influ-
ences that determine people’s opinions

4. To understand why different people may feel the way they do
5. To adopt a critical approach to what they read.

To address these learning objectives the player (as journalist) will (1) access
interviews from NPCs; (2) organise selected interview statements into higher order
categories (e.g. pro and anti EU); (3) match statements to higher order stakes; (4) rank
statements in order of importance; (5) evaluate the relevance or quality of statements or
texts with respect to the debate, decide appropriate headlines for a story.

4.5 Scenario 1: Balance Between EU and National Identity

The first scenario will be slightly different from the other four and can be seen as a
“learning” scenario, where the player is learning that many people’s views about the
EU are pro or anti EU. In addition the player learns about the reasons that motivate
what people say about EU identity (stakes).

Suggested Games for Scenario 1. The balance game and the stakes game both require
the categorisation of statements to higher order categories.

(1) Balance game. The aim of this activity is to understand the differing views that
exist with respect to EU identity. In this activity the player will go to one of the
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scenes (e.g. the pub scene) where he will observe and hear a heated discussion
between participants on both sides of the “balance debate” about the pros and cons
of leaving the EU. The player will then see 12 statements, representing both pro
and anti views of the EU, extracted from that conversation. At the bottom of the
screen there will be a scale with markings from 1 to 7 where 1 is strongly
disagree, 4 is neither agree nor disagree and 7 is strongly agree. The statements
will be presented to the player to consider one at a time and the player will be
required to assign each statement to one of the grades to indicate the extent to
which he agrees or disagrees with that statement. Examples of these statements are
shown in Table 1, where the bold statements are essentially anti EU and the italic
ones are pro EU.

Players’ responses on each of the 12 items will be totaled to provide a score
(between 12 and 84). Players will be given feedback about whether their score indicates
whether they are generally pro or anti EU or somewhere in the middle.

(2) Stakes game. We argue that an important idea underlying the statements made by
NPCs is the idea of stakes. Stakes represent the motives that drive the statements
that people make and explain why people feel the way that they do about issues
related to EU/national identity. Stakes are a higher level constructs a bit like
“themes” in qualitative research and the stakes that we propose are relevant to EU
identity are shown in Table 2.

Table 1. Assignment of statements in terms of strength of support for the EU

In my experience the different European countries do not subscribe to a set of shared
beliefs and values
If my country had a referendum I would definitely vote to leave the EU
Immigrants have taken our jobs and these are jobs that should go to the people who have
lived here for a long time
In the EU the different nations do not all implement the EU rules fairly
It’s only a matter of time before one of the EU countries really decides to turn against the
others
Some people have no insight into how good the UK could be on its own
I think that Europeans have more shared beliefs and values than they do differences
The EU is not perfect but I firmly believe that the best way forward is for EU member states to
work together to make the EU better
Many employees from other EU countries are very worried that they will have to return home
after Brexit
It is universally acknowledged that the EU provides very high standards for treating its citizens
fairly
For me, one of the main benefits of the EU has been to prevent war between the nations of
Europe
Voting to leave is a huge leap of faith and, quite honestly, I am not prepared to gamble with the
future prospects of the people of my country
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In the Stakes game the player will be given a set of 8 higher level stakes and a set of
8 statements (Table 2) and his task is to assign each statement to a higher level stake
via a drag and drop mechanism. In this example the statements represent the views of a
boss of an international recruitment company who has pro EU views.

(3) Ranking game. In the ranking game the player will take the same statements and
will rank these in terms of how important/relevant he sees them to this issue of the
balance between national and European identity. The game will employ a drag
and drop mechanism where the player drags his 4 selected statements to the top 4
places and these will constitute the top four bullet points that he will include in his
final report.

Feedback on Rankings. For each scene the player’s ranked statements will be
evaluated by the editor of the newspaper who will then provide the journalist with
(automated) feedback about his top 4 selections from the ranking game. The feedback
from the ‘editor’ will illustrate where the emphasis of the prospective journalistic
output was, pro, anti or balanced, and suggest other areas of the classifications scheme
that could be focused upon to take account of readers’ views. The feedback would also
attempt to assess the more ‘personal focus’ (bias) within the work and provide feedback
on that too.

Table 2. Interview with the boss of an international recruitment company

Higher level stakes Statements by the boss of an international recruitment
company

Democratic human rights, values
& freedoms

The common values of the EU, such as respect for human
rights, democracy and equality, have definitely had a
positive impact in our workplace

Locus of power/control/anti
establishment – populism

I’d rather have the EU in charge than any of the populist
parties in my country

Economy/money/jobs Some of our employees from other EU countries are very
worried that they will have to return home in the event of
a Brexit vote

Equity - fairness, equality It’s only right that if you are an EU citizen you should
have just as much right to work in my company as
someone born in the UK

Security The EU provides some security for our employees
working abroad

Change and uncertainty To be brutally frank I am really worried that we will vote
to leave the EU, because our company has made no plans
whatsoever about what to do in the event of a Brexit vote!

Feelings/emotions The opportunities I’ve had to work with colleagues in
Europe have definitely made me feel much more
European

History and culture In one way or the other Europeans share a common
history that unites us
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In-line with Arnab et al. (2015) we applied the LM-GM model in the design of the
game play described above since its pedagogy-game mechanic mapping provided
seems beneficial to inform the selected mechanics of RU EU? Game (Fig. 2).

4.6 Application of Knowledge to Other Scenarios

The last four scenarios are “application” scenarios, where players will “apply” the
knowledge that they have acquired in the balance scenario to the working rights,
immigration, differences between nations and changes over time scenarios. In these
scenarios players will come to realise that many people’s views are more nuanced than
simply pro or anti EU.

5 Conclusion

We are on our way to developing a game that will support students in thinking more
deeply about national and EU identity by presenting them with scenarios that illustrate
the complex nature of EU identity and the varied and conflicting opinions expressed by
different individuals about this. Designing the game has been a difficult process partly
due the intrinsically fuzzy nature of the key concept, EU identity, and partly because
the game helps the player to explore this in an implicit rather than an explicit way. The
game content experts made a very interesting observation - that trying to design the
game has helped them to consider the issues in a new way. We are hopeful that playing
the game will also help players to understand EU identity in a new way. By December
we aim to have more to report as well as a working version of the game.
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Abstract. Auditory attention is fundamental also in serious games. This paper
synthetizes the results of a recent statistical analysis of auditory attention of non-
native learners and proposes indications for serious game design. We propose a
3-dimensional difficulty level model that can be applied both for designing game
levels and adaptivity to keep a player in the flow. The model suggests using
background noise level as a prime factor to increase the difficulty of the game,
followed by the length of the stimulus and the semantic complexity of the
message. We also propose the concept of a mini-game format specifically aimed
at training auditory attention and performance. As a format, it could be easily
customized in different context domains and implemented as a service or a game
engine plug-in.

Keywords: Serious game � Auditory attention � Language skill �
Non-native learners � Attention score � Learning environment � Adaptivity

1 Introduction

Attention is one of the primary factors affecting the performance of any tasks, and it has
been considered to play a vital role in learning [1]. Among other kinds of attention
neuroscientists and cognitive psychologists have taken interest in selective attention for
a long time to understand how brain select one stimulus over other. The selective
attention includes basically two types of attention namely; auditory and visual, how-
ever, there are few studies conducted with task-oriented attention [2]. For auditory
selective attention, the most popular experimental setting is the dichotic listening task,
in which two different messages are presented to the participant and instructed to pay
attention to one of them, after completion of listening, participants are asked to write as
much as they can remember [3]. Most of the studies nowadays use different versions of
the dichotic listening task in the simulated multi-message environment [4].

The mechanism of selective attention has been explained by many theories, widely
accepted theories are namely; filter theory, early and late selection theory and load
theory. Filter theory suggests the filtering of useful information, which is further
explained by early selection and late selection theory [5]. Both theories indicate the
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selection of information before or after processing hence named as early selection and
late selection theory [6]. The contradiction of these two theories was resolved by load
theory, which correlates the dependency of early and late selection on cognitive load,
that is in low cognitive load, brain process all the information and then select useful
one, whereas in high cognitive load, brain select the useful information first then
process it [7].

Working in this field, we designed an experiment based on the dichotic listening
task and the above-mentioned theories to investigate auditory attention for the design of
interactive learning environments. The objective of the experiment was to quantify the
effect of auditory conditions on auditory attention for non-native speakers. The
experiment is described in detail in a companion paper [8] and synthesized here in
Sect. 3. The focus of this manuscript, instead, is to discuss the implications of those
results for the design of serious games.

The rest of the article is organized as follows. Section 2 presents the previous work
published in the literature. In Sect. 3, we syntactically report on our abovementioned
auditory attention experiment. In Sect. 4, we discuss implications and propose indi-
cations for serious game design. Finally, we conclude and discuss possible future work
in Sect. 5.

2 Related Work

Serious games have been used in different areas, targeting different skills [9, 10].
Games improving motor skills are used for physical training [11, 12], cognitive skills
are used in education [13–15], social and psychological skills are used in the treatment
of patients to improve their physical and mental health [16–18].

Attention has also been the key interest in the serious game community. The
increased interest in the attentional study was to help children and adults with Attention
Deficit Hyperactivity Disorder (ADHD) [19]. Since then games have been treated as an
alternative treatment of ADHD [20–23] to extend the attention span [24] and improve
the attention [25]. Other technologies have also combined with serious games to
improve attention of children with ADHD e.g. Augmented Reality [26]. The attention
of children with movement disorder (cerebral palsy) was assessed with serious game
incorporated with Electroencephalography (EEG). Games have also been designed to
improve the attention of ordinary people. The attention development was studied
specifically for children [27] and older adults [28]. A study was conducted to improve
the attentional behavior of school students with the computerized system [29]. A mo-
bile game TrainBrain was also designed to improve the attention [30]. Many aspects of
attention were studied with games namely visual selective attention [31–34], knowl-
edge acquisition and retention [35] and the limited capacity model of attention [36].
A computer-based cognitive therapy software is designed, named as RehaCom, which
is used by the expert to help improve various aspects of attention and memory [37].
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3 Experiment

3.1 Experiment Design

For evaluating auditory attention for learning environments, we designed an experi-
ment based on dichotic listening task, where participants were presented audio stimuli
and asked to write the text message presented in the audio file. As in interactive
environment, attention is affected by many factors that were mapped as independent
variables in the experiment, to analyze their effects on the auditory attention. In the
experiment, we explored three variables, namely; Noise, Length of stimulus and
Semanticity. Noise is mapped from environmental distractions such as background
noise, elements of User Interface (UI), multiple voices in the environment and tiredness
of learner. Even though audio noise has no direct relation to distracting UI elements or
tiredness of learner, we considered it for an analogy. Other two experimental features
are related to the language skills of the learner. The length of the message is mapped
from the amount of information given in the presented statement or message and
Semanticity is mapped from the learners’ language understanding.

A total of 5000 semantic English language audio files along with their corre-
sponding text were obtained from the Tatoeba Project [38]. Each audio file has only
one spoken sentence and all the sentences range from 3 words to 13 words per sen-
tence. Non-semantic audio files were generated by suitably inserting random word(s) in
the semantic files. A total of 1700 new non-semantic stimuli were thus generated.

Six different sets of stimuli were created by adding different levels of background
noise to semantic and non-semantic stimuli. The level of background noise used are;
signal to noise ratio (SNR) of −6 dB, −3 dB, 0 dB, 3 dB, 6 dB and no noise (∞ dB).

3.2 Participants

A total of 25 (4 female and 21 male) non-native student speakers was selected from the
science and technology department with no known auditory processing disorder. The
age of participant ranges from 16 to 34 years. The majority of nationalities among
participants were Indian and Italian and the majority of first languages were, Arabic,
Italian, and Malayalam. None of the participants had the first language as English. Even
though nationalities of some participants were different but they had the same first
language e.g. Arabic and the other way round was also the case for Indian nationality.
The focus on non-native speakers reflects the fact that, in several domains, instructional
tools are in English only, on the other hand, it introduces the difficulty that might be
assimilated to the difficulty for a novice to become familiar with a technical
language/jargon.

3.3 Results

Results detailed in [8] show that attention score always increases when we move from
−6 dB to ∞ dB SNR, independent of length or semanticity. Similarly, attention score
almost always decreases with the increase of the length of stimuli. This general trends
can be visualized as box and whisker plot in Fig. 1.
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The effects of all the three independent variables are apparent in Fig. 1. Non-
semanticity makes listener distracted and listener loses the auditory attention. Similarly,
increasing noise level (or decreasing SNR) makes it harder to pay attention, while
shorter sentences are easily acquired by listeners. The figure also highlights that noise
has a strong impact on attention score, however, ANOVA reveals that all the three
independent variables are significantly (p << 0.0001) affecting the attention score and
g2partial also shows that at least 75% of the differences in experimental conditions are
explained by the respective independent variables.

4 Discussion and Indications for Serious Game Design

Serious games for learning languages are a major application target for the above-
presented analysis. However, those results may be applied to other training/instruction
context, and not only because of the specific jargon typical of some domains (which
represents a barrier, especially for novices). With the wide diffusion of 3D environ-
ments and natural interaction modalities, auditory attention has gained ever more rel-
evance also in the world of serious games, as-imitating reality - a lot of information
relevant to training/instruction can be conveyed by means of speech. Non-player
characters (NPCs) are a key mechanics in this regard [39].

The presented experiment highlights that noise, length of message and semanticity
are key factors for a player’s auditory performance. This information, qualitative and
quantitative, can be exploited for designing levels and, similarly, to adapt (also
dynamically) the game environment to the player’s actual capabilities, in order to keep
him in flow [40, 41]. The difficulty of the different levels – and player performance
alike - can be estimated through the quantitative information provided by the experi-
ment. A 3-dimensional difficulty level model can be designed for games, with the noise
level, length of messages and semantic complexity of message at each dimension, as
shown in Fig. 2. At every level of noise, a player can be subjected to longer messages
and semantically more difficult messages to increase the difficulty of the game. The
noise level axis of the model can be treated as the primary axis of difficulty, as

Fig. 1. Attention score with respect to Semanticity, Noise level, and Length of stimulus.
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statistical analysis demonstrated noise as the strongest factor affecting auditory atten-
tion. The length of the message can be considered as a secondary axis to increase the
difficulty of the game, as an increase in the length of the message is quantitatively
easier than increasing the semantic complexity of the message, which can be regarded
as the last axis of difficulty.

The same concept can be used for the sake of game adaptivity, as the user per-
formance might be continuously profiled along the three axes to get reference values to
assess his auditory attention level. This construct could be an enhancement to the
learning/gaming analytics profilers that are spreading also in the world of serious
games [42–44]. The developed knowledge might be applied also to serious games
specifically aimed at training auditory attention. This might be done by featuring player
interaction with NPCs in the plot, or by developing a set of generic mini-games [45],
each one targeting a specific factor. We could think of a very simple format, with a
customizable NPC and environment/background. The target of the player, in a con-
versation, could be to catch the meaning or identify one or more wrong/specific words.
The difficulty of the trial could increase in terms of environment noise (e.g., envi-
ronmental noise and/or overlapping voices by specific “competing” NPCs), length and
meaning of NPC messages. This could be implemented as a service, in a service-
oriented architecture perspective (e.g., [46]), or even a game engine plug-in [47], and
supported through an authoring tool for efficient development.

For a game design, considering a whole scale of semantic complexity has advan-
tages over considering only two distinct categories of semanticity (i.e., semantic/non-
semantic information). Semantic complexity of a message can be treated as a complex
grammatical structure of language (English as an example), which serves the purpose
of the game to improve the attention of player on language. In this scenario, the player
will learn to process complexly structured messages. On the other hand, if just two
distinct categories of semantic and non-semantic are used, learners will practice paying

Fig. 2. Difficulty level model for game design.
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attention to non-semantic sentences which are not as useful as to learn complex
grammatical structures of a language. Moreover, the game designer will have two
levels of difficulty in the dimension of semanticity unlike the whole scale of semantic
complexity, which can have more levels of difficulties.

5 Conclusion and Future Work

Auditory attention plays a fundamental role in instruction, also concerning serious
games. In this paper, we have synthesized the results of a recent statistical analysis of
auditory attention of non-native learners [8] and discussed them to devise indications
for serious game design. Of course, indications are important also for
teachers/instructors that should control application in class (or in the field).

We propose a 3-dimensional difficulty level model, that can be applied both for
designing game levels and adaptivity to keep a player in the flow. The model suggests
using background noise level as a prime factor to increase the difficulty of the game,
followed (not closely) by the length of the stimulus and the semantic complexity of the
message. Application of the model is expected to improve the auditory attention of the
player, especially, but not exclusively, for learning a language. For example, interna-
tional students can be targeted to improve the auditory attention with the English
language. A similar model can be used to design a game with the Italian language for
non-Italian students to improve their auditory attention on the Italian language. Other
potential applications of the proposed model could be in designing of SG for Auditory
Processing Disorder (APD) patients (adults and children) to improve the attention on
auditory stimulus. Children, at an early age, can be trained with customized games to
improve their attention on different languages. Similar games can be designed to
complement the treatment of ADHD for auditory aspects.

We also propose the concept of a mini-game format specifically aimed at training
auditory attention and performance. As a format, it could be easily customizable in
different context domains and implemented as a service or a game engine plug-in.

There are a few aspects which can or should be explored in future research work.
The impact of specific distracting elements should be studied, for example, distraction
by UI, player’s tiredness and emotional state. As the current study is focused on non-
native learners, a similar study could be conducted for native learners. Visual and task-
oriented attention should be explored as well. Concerning the design part, sample
implementations should be made in order to check and tune the proposed model.
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Abstract. The game “simkult” is a serious game for health prevention in the
workplace. The design process focused on three key aspects of serious games
derived from the Input-Process-Outcome model of learning with games by
Garris and Driskell. In order to introduce knowledge, skills and attitudes with
regard to safety and health at the workplace we systematically developed (a) the
instructional content, (b) the game characteristics and (c) the context of use,
which defines how the game is used and how the debriefing can be realized. As a
result, “simkult” is a multi-player simulation game for five to 20 persons which
addresses work teams in small and middle sized companies. By putting each
player in the position of a restaurant manager the complex interplay of important
areas towards safety and health at work (e.g. work climate, leadership) are
displayed. Two core aspects within the game are the non-player characters and
critical incidents which represent quests for the players in the simulation. These
were developed with regard to the target group’s needs in order to create an
engaging and effective serious game.

Keywords: Serious game � Health prevention � Learning

1 Introduction

Several reviews and meta-analysis show that serious games have a great potential to
influence both the motivation and the knowledge acquisition of learners in a positive
way [7, 8, 10, 11]. According to Garris and Driskell’s [6] Input-Process-Outcome
model learning with serious games is characterized as a process consisting of cyclical
phases (for an adapted version see Fig. 1) in which the learner has to analyze the game
(user judgement), act based on his analysis (user behavior) and receives feedback with
regard to his actions (system feedback). How this process is happening depends on
(A) the instructional content implemented in the game and (B) the specific game
characteristics. These two input variables influence the game experience of the players
and define what can be learned by playing the game. The game process is therefore
influenced by the decision to teach a certain subject (e.g. math, health education) and
the design of the game (e.g. single- vs. multiplayer). Garris and Driskell [6] furthermore
point out that in order to successfully reach the learning outcomes (such as declarative
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knowledge, skills) (C) a debriefing phase is crucial in order to ensure a transfer from
the game context to the real world.

In a further development of the Input-Process-Outcome model Mattheiss et al. [12]
point out that the players themselves determine to what extent they engage in the game
process and show a certain behavior within the game.

In this paper we present the design process of the serious game “simkult” which
addresses health prevention in the workplace. Based on the above mentioned
assumptions we thereby will focus on (A) the instructional content, (B) the game
characteristics and (C) the context of use, which defines how and when the debriefing
can be realized. The decisive influence of the player’s characteristics (such as prior
knowledge) emphasizes the need to integrate the target group in the design process and
make decisions according to their needs.

2 The Project “Simkult” – Simulation Game Culture
of Prevention

The serious game “simulation game culture of prevention”, in short “simkult”,
addresses health prevention in the workplace. The overall aim is to communicate a
holistic approach towards safety and health at work and by that foster a culture of
prevention. The game shall raise awareness as to what extent daily work processes (e.g.
concerning leadership) can influence the well-being, health and safety of working
people and teach concrete activities to enhance the safety and health of one’s company
(e.g. short brake system). Scientific research shows that fostering a culture of pre-
vention can buffer negative effects of work stressors on the physical, mental and social
well-being of workers as in addition positive organizational outcomes like enhanced
performance and work quality arise [1, 3, 9] and has been therefore a topic for inter-
ventions in this area (e.g. current campaign of the german statutory accident insurance,
DGUV).

Fig. 1. An adapted version of the input-process-outcome model by Garris and Driskell [6].
Pointing out the three core aspects of the design of games: the instructional content, the game
characteristics and the context of use have to match the target group’s needs.
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To develop the game “simkult” we conducted two studies which we will present
here in short to give an overview. In a first study in form of semi-structured interviews
we assessed the target group’s characteristics (e.g. current working conditions, prior
knowledge). In a second study in form of an online-survey with the target group we
evaluated first design elements of the game (e.g. setting, non-player characters). In the
next sections the results of the studies which contributed to the design of the
instructional content, the game characteristics, and the context of use will be
highlighted.

3 Instructional Content

The german statutory accident insurance (DGUV) has identified the following areas of
action in which interventions for health prevention in the workplace can be carried out:
Leadership, participation of employees, communication, work climate, error culture
and safety and health as a strategy [5]. These six areas will be addressed in the game
“simkult”. The aim of “simkult” is to reach the following three levels of learning goals
in the six areas: First level learning goals address declarative knowledge, e.g. by
introducing the concept of participation of employees in operational decision processes
which will heighten their motivation and satisfaction at work. Second level learning
goals aim at fostering skills such as knowledge about action alternatives for operational
practice, e.g. by giving the player the possibility to actively try out different actions
followed by feedback about the consequences. Third level learning goals consist of
raising awareness and changing attitudes towards a positive understanding of health
and safety promotion in the workplace, e.g. by giving arguments why these topics are
important not only for the health of the employees but also for the company and the
managers themselves.

Table 1. Overview of the two studies executed during the developmental process of the serious
game “simkult” to involve the target group.

Studies Participants Research topic

1. Semi-structured
interviews

• N = 31
• 17 managers, 14 employees
• 11 women, 20 men

Assessment of the
target group:
• current working
conditions

• prior knowledge and
attitudes

2. Online-survey • N = 114 (sometimes reduced N due to
missing values)

• 86 women, 28 men
• 53 executive, 60 non-executive employees
(missing value n = 1)

• broad range of industries (e.g. services sector,
public institutions, industry)

Evaluation of first
design elements:
• restaurant setting
• non-player
characters

• critical incidents
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Study 1 (see Table 1) was conducted to get to know information about the current
working conditions and the prior knowledge and attitudes of the target group.

Current Working Conditions: We asked the participants to rate given statements for
each of the six intervention areas presented above indicating how the person judges the
situation in his/her current workplace. As an example in the area “leadership” the
participants were asked to rate the following statement: “The executive manager
considers health and safety to be important topics.” The answers indicate how the
interviewees rate the six areas at their workplace. A high number indicates satisfaction
whereas a low number stands for safety harassment. The results for the six areas are
displayed in Fig. 2. Afterwards we asked the person to elaborate how she/he got to
her/his ratings naming incidents that substantiate his/her judgments. The combined
results of these information indicate that though the persons judge the current situation
in their workplace as substantial (with interpersonal differences), they also see possi-
bilities of improvement. The game “simkult” hence could be of help to promote
declarative knowledge, skills and attitude changes to encourage improvement processes
concerning health prevention in the workplace.

Prior Knowledge and Attitudes: We analyzed the incidents that were mentioned to
describe the participant’s judgements of their current working conditions. Findings
were f. ex. that “health” was often simply defined as the absence of disease. Just few
people would link “culture of prevention” with aspects like “lively social climate” or
“work-life balance”. Five people couldn’t derive any ideas about the term. Prevention
at work was not seen as relevant to certain industries like IT-services.

Based on the results of the two studies and the theory driven structure containing
the six areas of action mentioned above we formulated 14 main learning goals for the
six areas. Thereby we covered up the three goal levels described above (see Table 2).

Fig. 2. Results of semi-structured interviews with executive managers (N = 17) and employees
(N = 14): approval of the statement (indicated by a high value) means that their company is well
prepared in the correspondent area (e.g. leadership).
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Concerning the example from the area “safety and health as a strategy” the findings
from the interviews resulted in the learning goal “definition of health” which can be
specified further into gaining a holistic understanding of health in sense of the defi-
nition of the WHO that describes health as “a state of complete physical, mental and
social well-being” [14] – learning goal on the first level declarative knowledge. In
addition, in this area the learning goal on the second level - fostering knowledge about
action alternatives for operational practice contains knowledge about appropriate
management approaches for workplace health promotion and possible actions in sense
of behavior (e.g. relaxation or sport programs) or conditional (e.g. forms of work time
and work breaks) prevention at work. To promote the third level learning goals –

attitude change - the benefits of an effective culture of prevention are pointed out, as
f. ex. financial benefits on the long run and a positive reputation of the company.

Table 2. Overview of the six areas of action addressed in “simkult” and correspondent 14 main
learning goals exemplarily assigned to the three goal levels declarative knowledge, skills and
attitude change.

Areas of action Main learning
goals

Declarative
knowledge

Skills Attitude
change

Leadership 1 Managers as s
role model

Social learning,
Bandura

Reflection
on
leadership

Importance of
own actions

2 Health
promoting
leadership

Def.
Presenteeism

Take care
on one’s
health

Consequences
on health,
quality

Participation 3 Participation in
decisions

Levels of
participation

Use of
instruments

Satisfied and
productive
employees

Communication 4 Annual one-on-
one meeting

Content and
aims

Procedure,
preparation

Benefits,
personal
relationship

5 Regular
interchange,
meetings

Principles team
meetings

– Quality of
meeting
decisive

6 Appreciation of
employees

Communication
model

Possible
actions,
authenticity

Employees as
“human
beings”

Work climate 7 Facets of work
climate

Def. work
climate

– –

8 Relation to
health/safety

– – Impact on
health

9 Actions to foster
work climate

Possible actions How to
choose
adequate
actions

Awareness of
risks and
benefits

(continued)
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4 Game Characteristics

The game characteristics determine how the players engage in the game process and
what behavior they show within the game. The game “simkult” puts the player in the
position of a restaurant manager responsible for the well-being of the employees and
the economic success of their restaurant.

4.1 Multi-player

The game “simkult” is designed as a multi-player for work teams of five to 20 people.
This design decision is based on one of the main aims of “simkult”: to raise awareness
of managers as well as their employees for health prevention and to initiate an attitude
change. Playing the game in one’s work team can initiate attitude changes as social
psychology points out that group processes are helpful to change attitudes and
behaviors and are of particular importance when companies want to instigate change
processes [4]. Furthermore, the semi-structured interviews of study 1 revealed that 77%
of the sample could imagine to play with coworkers whereas only 26% could imagine
to play alone or against the computer.

Within the game, players have various ways of interacting with each other –

resulting in both cooperation and concurrence. As manager of their restaurant they
compete with respect to employees and clients on the job market and at the same time
they can cooperate by introducing interventions for their workers together (e.g. joined
time-management trainings). Baranauskas et al. [2] point out that cooperation and
concurrence are both important for the game experience and to raise the motivation to
play the game and to subsequently deal with the instructional content. In line with that

Table 2. (continued)

Areas of action Main learning
goals

Declarative
knowledge

Skills Attitude
change

Error culture 10 Errors as
learning
opportunity

Def. errors Steps of
error
analysis

Working
conditions as
possible cause

11 Mention errors
openly

Aspects error
culture

Create
atmosphere
of openness

Accident
prevention and
learning

Safety/health as
strategy

12 Understanding
of “health”

WHO definition
“health”

– Importance
mental and
social health

13 Management
systems

Approaches Actions
(behavior,
conditions)

Return on
prevention

14 Good
reputation as
benefit

– – Recruitment
skilled
workers

How to Set the Game Characteristics 215



assumption is the empirical finding that success in learning takes place especially when
the players can work together in groups [15].

4.2 Simulation

In particular simulation games have potential when it comes to communicate complex
topics. “Simkult” faces such a complex topic: The game needs to illustrate the complex
interplay of the six areas decisive for the own prevention culture and the consequences
that derive with regard to health and safety at work. We decided to design “simkult” as
a simulation game that contains the economic consequences of healthy workers and
displays the interdependences between the six areas addressed in the game (e.g.
leadership) and the wellbeing of the employees. Every player in “simkult” leads his
own restaurant in the position of an executive manager. The higher goal of the game is
to manage the restaurant successfully – which means not only to have economic
success but also take care that the employees are healthy and satisfied and that safe
working conditions are established (e.g. by participation of employees in decisions
[13]). The players can choose between different actions to enhance the well-being and
health of their employees (e.g. participation of employees in decisions) while financial
resources and time are restricted. So the employees can take over the perspective of the
executive manager and try out different strategies in the six relevant areas addressed
within the game and experience which consequences derive.

4.3 Game Setting and Game Phases

In the introductory phase of the game the players can design their restaurant in line with
their own preferences. They can choose a name, the type of restaurant (f. ex. a café or a
pizzeria) and place it on a map. The restaurant as game setting was evaluated in study 2
which was conducted to evaluate first design elements (for an overview see Table 1).
Results show that the majority of the participants could imagine to play in the setting of
a restaurant (21 = “in any case”, 38 = “rather yes”, 30 = “maybe”, 18 “rather no”,
6 = “on no account”). We furthermore asked them to describe which tasks have to be
carried out in order to manage a restaurant and the results indicate that the participants
have a sufficient knowledge of managing a restaurant so that we opted for that setting.

After the introductory phase the game follows an iterative cycle. Each cycle con-
sists of four phases that give the players further possibilities to actively engage in the
learning process. In the first phase the players plan the current calendar week, f. ex.
personnel planning. In the second phase they play a “minigame on time” where daily
working routine is displayed in the game and money is earned. In the third phase a so
called “critical incident” takes place (e.g. a working tool breaks down) and the players
have to react to it. In the fourth phase of the game the players get feedback as to their
actions and can reflect on the consequences (e.g. satisfaction of employees, economic
success).
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4.4 Non-player Characters – the Employees in the Game

All players have to put together their working teams within the game. They have to hire
employees at the beginning and adapt their leadership according to the needs of their
virtual staff. The design of non-player characters that are perceived as authentic to the
players is a critical success factor in designing an engaging educational game. In study
2 the participants were asked to rate eight developed non-player characters with regard
to their authenticity (e.g. Fig. 3).

The participants were asked to rate how realistic, interesting and unforeseeable they
perceive the characters to be (5-point scale; e.g. 1 – “boring”, 5 – “very interesting”).
Beside the name and facts about their salary, productivity and satisfaction with their job
further information about the character was delivered. This additional information
allows addressing certain topics (e.g. “two children” - combining work and family life)
and contributes to the narrative of the game. All characters were rated as rather
authentic. The character shown in Fig. 3 was assessed as “realistic” (M = 4.25,
SD = 0.80, n = 112), more or less “interesting” (M = 3.63, SD = 0.88, n = 112) and
rather less “unforeseeable” (M = 2.41, SD = 0.88, n = 112). The results give us
information on how further authentic characters can be designed.

4.5 Critical Incidents

“Critical incidents” are used in the game to actively engage the learners in the learning
process and to demonstrate the complexity of certain decisions when it comes to topics
concerning health prevention in the workplace, such as considering the cost-value ratio.
Critical incidents pop up during the game play and challenge the player to react to them
in an appropriate manner. For an illustration, the wording of one such incident
description is:

“The cooker in your restaurant has just broken down. You have to purchase a new
one. Therefore you have to find out which model fulfills the requirements you need.

Fig. 3. One of the characters that can be employed in one’s restaurant in the game “simkult”.
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The cooks work with the cooker every day. Each day you need to take the decision
costs you money because in that time you cannot serve your clients warm dishes.”

Subsequently, the players have to decide how they can solve the problem and act on
the problem. They can buy the same cooker again, choose a new model or let their
employees participate in the decision to a differing degree (e.g. ask them which model
they would prefer).

The critical incidents should be authentic and challenging in order to create game
engagement in the players. Within study 2 participants were asked to rate ten critical
incidents as to how realistic, interesting and unforeseeable they perceive them to be (5-
point scale; e.g. 1 – “boring”, 5 – “very interesting”). All critical incidents were rated as
authentic, differing slightly to the degree of the rating of the incidents as “unforesee-
able”. The incident “cooker broke” illustrated above was rated as highly “realistic”
(M = 4.48, SD = 0.90, n = 58), “interesting” (M = 3.84, SD = 1.25, n = 56) and
rather not “unforeseeable” (M = 2.96, SD = 1.41, n = 56). Authentic and challenging
critical incidents were embedded in the game.

5 Context of Use

In order to introduce knowledge, skills and initiate an attitude change with respect to
health and safety the game must be played at work. It is therefore crucial to consider the
future utilization scenario while designing the game. That contains aspects like when
and under what condition the game will be played as well as how the debriefing can be
realized in order to secure transfer.

Managers and employees are restricted to working schedules. The game must
therefore allow players to choose when and how to play it within a certain time
window. Study 2 indicates that the target group would like to play the game either one
to two times per week or per month and invest up to 30 min each time. On that basis
“simkult” is designed to be played during 10 weeks for around 30 min each week.

Empirical evidence shows that success in learning takes place especially when the
game is embedded into a didactical concept [11, 15]. The so called debriefing after the
game play illustrated in the Input-Process-Outcome model [6] is realized with addi-
tional information material and central questions which can be used in team meetings
and pick up aspects of the game “simkult” relevant to the team’s real work setting. As
such the actual prevention culture of one’s company can be discussed and improved
collectively.

6 Conclusion

One approach to design serious games is to systematically develop (A) the instructional
content, (B) the game characteristics and (C) the context of use, which defines how the
game is used and when the debriefing can be realized. In order to create a good serious
game the involvement of the target group is crucial. Along the developmental process
of the game “simkult” we conducted two studies to assess characteristics of the target
group (such as prior knowledge, attitudes) and to evaluate first design elements (such as
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non-player characters, critical incidents). The results informed the game design with
regard to the instructional content and give concrete information on how interesting,
authentic or challenging the target group judges first concrete design elements of the
game “simkult”.

Forthcoming experimental evaluation with a digital prototype will investigate to
what extent the design of (A) the instructional content and (B) the game characteristics
lead to player’s engagement, game experience and effective learning. We therefore will
compare a game playing group to a control group studying a text about the topic.
Engagement in learning will be measured using a questionnaire that gathers game
experience. The participants will be asked to draw a mind map on the topic “safety and
health in the workplace” before and after the experimental trial to asses if declarative
learning took place and to check for learned relations between variables (e.g. con-
nection between satisfaction and productivity). We will finally also check for (C) how
the additional information material can initiate debriefing processes.
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Abstract. The cyber security context requires to better understand how
developers write (in)secure code and to assist them in their software develop-
ments. We have developed a secure coding experiment and serious game
intervention. In this paper, we report on the design of a serious game to
investigate developer-centred security. We used a combination of approaches to
shape discussions and support the serious game co-creation.

Keywords: Serious game � Serious game design � Cyber security �
Software security � Developer-centred security

1 Introduction

Cyber security is a growing concern in a world of ever-increasing connectivity. Our
activities and lives depend on software systems that are vulnerable as recent attacks
have shown (e.g. impact on the UK health service of the WannaCry worldwide
cyberattack). This results in a need to raise the awareness of software security issues
and to train the developers of software systems, whether they are professionals or
hobbyists.

As part of a project funded by the Research Institute in Science of Cyber Security
(RISCS) in association with the National Cyber Security Centre (NCSC) and the
EPSRC, we started to investigate how serious games could impact developer-centred
security. In this paper, we report on the co-design of a serious game for code security.
We used different serious game approaches to shape the discussions and the exploration
for a serious game intervention. We focus on the steps we took to facilitate dialogue
and the type of support we put in place in order to design a solution that fits the purpose
of the experimentation. We present the process we implemented and provide a con-
tribution to other serious game designers as to how a number of different method-
ologies can be used in order to provide an ad-hoc solution to a domain problem.

Plan. In Sect. 2, we give the background and motivation for the overall cyber security
research project. Sections 3 and 4 focus on the serious game design and implemen-
tation. In Sect. 5, we present the experimental setting surrounding the serious game.
Finally, Sect. 6 concludes and draws future perspectives of this work.
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2 Serious Game Investigation into Developer-Centred
Security

While software systems become more ubiquitous and we are increasingly reliant on
their use in our everyday lives, accessibility of mobile and cloud programming plat-
forms makes software development and deployment more democratically available.
This combination creates security challenges as software code could be deployed
without having the security vetting or level of scrutiny that the end-users expect. The
project in which this work takes place, proposes to investigate how serious game could
play a role in evaluating and training the security skills of the masses of software
developers. This project is part of the RISCS community for developer-centred security
research. In our work, we focus particularly on serious games for secure software
development and aim at identifying activities that could effectively persuade developers
to improve their cyber security skills and increase the security of their code.

Background. A recent study has explored the software development security skills of
GitHub users [1]. In this online experiment, the participants were invited to undertake
three secure programming exercises in Python, their programming was then evaluated
with regards to security properties. The experiment revealed that the self-reported
security knowledge level or the professional or student status of the participants was
not statistically related to the security grading of their programming solutions.

Serious Game Intervention Project. We chose to build our investigation as an
extension to this base study, giving us some grounds to compare our results. We
framed the experiment as an embedding of the programming exercises of the base study
inside a game. The base study [1] evaluated the participants’ ability to write secure
code using three Python script tasks (URL Shortener, Credential Storage and String
Encryption). A secure solution would for instance involve using a strong encryption
algorithm or would prevent code injection. We complemented these exercises with
three additions which have no obvious security focus (Image Analysis, Time Tool and
Search & Replace), with the intention to compare the specific impact gamification has
on security.

The base study [1] has found that developers often program insecure solutions
regardless of their background. Developers will often have knowledge of security
related concepts but fail to implement them or use an outdated or insecure standard.
A game could be used to remind and raise awareness of security, while not necessarily
instruct on the concepts or methods. As our primary purpose is to evaluate developers’
security, the game intervention should replicate the base study with a control
group. The game should motivate players to perform the programming tasks well. The
key developer-centred security issues that the game could target are therefore: lack of
awareness, outdated knowledge of standards, lack of experience, motivation or rea-
soning to implement proper security. To target these issues, the game could put the
following potential processes in use: presenting an in-game context and motivation to
build secure solutions, providing information on secure standards, challenging players
with the effects of insecure solutions while maintaining neutrality to meet the evalu-
ation aim.
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Related Research. Recent surveys of game-based cyber security training [2, 3] show a
growing interest in designing games for security. In [4], the authors show the benefits
of security exercises and competitions in cyber security training based on a survey of
experiments. In [5], the authors used a game to study security decisions. Coding games
such as Code Hunt are being adapted for secure coding [6], while secure coding
competitions such as Build It, Break It, Fix It are organised as a Catch The Flag game
[7]. Another coding game, Code Defenders [8], was primarily designed for crowed-
sourcing purposes but also served in training [9]. In [10, 11], the authors advocate the
use of dialectics and games for raising developers’ security. Gamifications within
software engineering has been studied and used [12], for example as a means to incite
developers to remove compilers warning [13]. However our research aims at going
beyond gamification, as other researchers also suggested in [14].

3 Design Methodology

To handle the complexity of cyber security and software programming, we chose to
combine the LM-GM (Learning Mechanics – Game Mechanics) framework [15] with
the Triadic Game design approach [16] to facilitate domain and serious game experts’
discussions. The Triadic game design approach was initially used to explore the
domain and range of potential intervention areas. The LM-GM framework was used to
support the concrete definition of meaningful gameplay loops when determining the
meaning of the intervention and the exact nature of the learning outcomes and
gameplay experience. This section details how we used these approaches for the game
co-creation.

3.1 Reflection on the Triadic Game Design Approach

The Triadic game design [16] is an approach to designing serious games through
balancing three constituent parts. The worlds of; Reality, Meaning and Play are put
forward as these parts and reflect balancing between serious aspects and gameplay.
Reality describes the context behind the game and rely heavily on the domain expert to
map out potential issues and problems within the target domain, often demanding some
real-world features be reflected in the game. Secondly, Meaning is the phase of the
design that focuses on exploring one or several intervention areas and lead to the
identification of clearly intended outcomes for the player. intended outcomes of the
game. We used the LM-GM framework in order to establish a clear link between
learning and gameplay outcomes during this phase of the design. Finally, Play is a
measure of interaction and fun within the game and represents the phase of the design
when the game is actually designed according to pedagogies in line with the inter-
vention’s learning outcomes. Gameplay loops are created to match and map onto
identified pedagogies and design the game aspects of the intervention. Balancing theses
aspects can help a game to execute on its intended outcome, while being both
believable and enjoyable to play. In our context, the Reality aspect of the game design
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framework had already been explored through the base study [1] and overseen by the
cyber security co-creator of the game. As such, this phase of the design had already
been completed and discussions focused on establishing a dialogue between serious
games and cyber security researchers on the precise nature and meaning of the
intervention.

3.2 Exploring Meaning Through the LM-GM Framework

LM-GM [15] is a game analysis and design model that allows for game mechanics to
be studied and discussed in parallel with learning mechanics. We chose it for its
simplicity and focus on semantics. The model helps to relate a set of standardised
learning mechanics to another set of standard game mechanics. It allows for designers
to investigate how the mechanics interact and to ensure that a game is grounded from a
pedagogical and entertainment standpoint. Finally, it allows the definition of contex-
tualised Serious Game Mechanics (SGM) that bridge the blending of leaning outcomes
and gameplay elements. In our context, we used the framework to determine the nature
of learning outcomes, feeding into the Meaning part of the Triadic game design
approach.

Table 1. Learning verbs associated with the development of the serious game intervention

Verb Gameplay
mechanic

Implementation Task usage/motivation

Instruct Tutorial Teach player the game Context for tasks A

Respond Feedback Provide feedback on a
mistake

Give players contextual hints
towards successful task
completion

B

Act Intervene Allow players to react to
situations where they
lose control

Reflect methods of security
prevention/response

C

Choose Strategize Task completion order
enables gameplay
strategy

Motivate players to complete
task they perceive as impactful

D

Construct Task
embodiment

Players will be able to
interact with objects that
are analogous to a task’s
process

Provide an in-game context and
motivation for why the task
should be performed

E

Present Text Tasks related
information displayed
within the game

Show hints towards a secure
task

F

Situate Provide
context

Have tasks completion
affect the players
abilities in game

Show how good and bad
implementations of the task
affect the game

G

Reward Rewards Give in-game rewards
for good play and task
performance

Motivate through extrinsic
rewards

H
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Learning Mechanics. Game verbs [17] are a method of mapping learning and game
mechanics by quantifying player actions. Table 1 gives the verbs used and their
implementation. The aim of this exercise is to identify verbs relevant to the domain and
tasks to frame a range of possible interventions based on pre-determined learning
outcomes. The list of verbs with their meaning has been compiled from established
learning theories (e.g. Piaget, Bloom’s revised Taxonomy etc.) [17]. We decided to
focus on using verbs that add potential for a motivational as well as learning impact.

Game Mechanics. The LM-GM framework proposes a set of standardised game
mechanics for use with analytics, drawn from the SCVNGR set [18]. There are
however many other useful game mechanic resources available and, from a purely
design perspective, this exercise served as a framing device for design discussions and
engaging stakeholders from disparate disciplines to discuss the overall game approach.
As such, any game mechanics set can be used for this stage of the process. We later
designed the game through the use of game bricks [19]. Table 2 gives the game
mechanics we chose.

Table 2. Game mechanics of the game

Game mechanic Description

Selecting
collecting

The player scores and collects points based on their
performance

1

Tokens Players earn tokens to track their task progression and show
the task-to-game mechanical interaction

2

Infinite gameplay The game is designed to infinitely loop replaying a level, in
order to facilitate hi-score chasing and illustrate player
progression

3

Strategy Players can pick and choose how they want to play the game
by utilizing and upgrading certain mechanics over others

4

Resource
management

Player actions have associated resources that must be
balanced to make effective use of all mechanics

5

Eliminate The game presents security threats that must be eliminated to
perform

6

Time pressure The main level has a set number of waves, which appear at
certain time intervals

7

Meta-game The tasks are integrated within the game through a meta
element that links an out of game mechanism to the game

8

Tutorials The gameplay is taught through an instructional tutorial 9

Competitions A fake leader board and core systems encourage hi-score
chasing and game replaying

10

Rewards penalty Players are rewarded based on their in-game and task
performances

11
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LM-GM Relationships. Figure 1 displays the LM-GM diagram which describes how
each set of mechanics relates to the game flow. It describes the specific game
mechanics varying with game progression and how they relate to the LM and GM and
the coverage of learning outcomes within the overall serious game approach. We see
that both the macro and meta gameplay loops have roughly equal number of
mechanics. Having sufficient mechanics relating to the tasks helps integrate task per-
formance into the game.

3.3 Conceptualising Play Through Gameplay Loops

We can restructure the gameplay loops [20] to also take LM-GM into account, see
Fig. 2. This should help illustrate what mechanics are most important to the serious
game intervention and how game mechanics are linked to the learning mechanics. Here
we can see that strategizing is an important aspect for the macro gameplay loop (left
diagram of Fig. 2), which is completely overlooked in the game map (Fig. 1).

If a new threat was to be added, it must be highly relevant to the security concerns,
such as to target Act (C) and Situate (H). In addition, it should have certain strategies
and resources needed to eliminate it. Security relevance is important to the loop, mainly
through Construct (E) which presents text information. However, this game is inten-
tionally limited to allow for a control group. If the game was to be a learning tool, this
element could be strengthened through increased presence and specificity.
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The goal of having players complete programming tasks relies on the idea of a
meta-game. In this context, the meta-game takes on two of its common meanings:
having external elements (the tasks) affect the game state and enabling strategic trends
to develop by allowing player to choose what task to perform. To strengthen the tasks,
the Construct (E) learning mechanics could increase the immersive and motivational
factors to complete tasks. This would be by having highly relevant and contextual
upgrades presented. Another method would be to increase the play mechanics of the
meta-game by adding game elements to the tasks or more strategic depth to the
upgrades.

The map and loops show that an upgrade could be used to strengthen motivation
through a meta loop element – as all in-game mechanics strengthen only macro or
micro abilities. An upgrade that targets either the currency or task completion tokens
could support the motivational factors provided by Reward (G) in a virtuous cycle, by
motivating players to increase their own motivational incentives.

Finally, adding threats can be expanded to consider how its relevant upgrades are
developed. In this case, mechanics can be either security or non-security relevant,
provided that its integration into the game share strong relations with the corresponding
tasks. The upgrade must enable or strengthen a mechanic, but also have a clear
comparative strength to other upgrades. These enable the strategic game mechanic, but
also the meta-game strategy of choosing the strongest upgrades to purchase. Weak
upgrades need to exist to enable the meta-game and players discovering dominant
strategies.
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Fig. 2. Macro loop (left) and Micro loop (right). Dark green represents in-game mechanics
while light green represents an out-game cognitive response. (Color figure online)
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4 Game Implementation

The games basic genre is that of a Tower Defence, sub-genre of strategy games and
well known for being approachable and having players improve their abilities over
time. The player manages static defences and traps to defend from an invading enemy.
The game takes place in a situation where the player is defending a bank from cars and
trucks that are attempting to rob it. Before playing the next level, the player spends
bank currencies to improve the security systems.

Context and Integration. In order to situate a player for tasks performance, core
game mechanics and tasks share some context and interaction methods. Game text is
written primarily to strengthen these shared contexts than present a narrative. Typing is
used as the main game interaction method to draw parallels with programming. All
tasks have in game counterparts, presenting reasons for development and example
motivations. Similarly, several common security concerns are represented through the
effects they have on the game mechanics – giving players a contextual reasoning for
developing tasks with a security mind-set. The game features an upgrade system, in
which several gameplay elements can be upgraded – improving and expanding on a
player’s ability to play the game. However, each of these elements is locked behind the
completion of a corresponding programming task. Upon upgrading, the player’s in-
game abilities are noticeably improved – allowing them to score higher and play better.
The motivational drive to continue to achieve higher scores and explore new gameplay
options is directed into the completion of tasks.

Gameplay Mechanics. Mechanics follow similar structure, interaction methods and
appearance, such that a player can quickly learn and understand a new mechanics after
being introduced to a related one. The player is working to defend the bank from

Fig. 3. The game showing standard gameplay (left) and the upgrade system for the game (right)
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Creeps of several kind that are trying to reach it. The creeps have to travel along a
winding road to reach the bank. Under the players control are serval Towers which will
damage and destroy the creeps by shooting them. Between levels the player is able to
improve their in-game abilities through an upgrade system, which increases the
effectiveness of the towers or increases defences to a threat. Table 3 gives the four
kinds of towers of the game and their relations with the programming tasks and
motivations.

Game Heuristics. While a tutorial is in place, the layouts of the game elements
instruct players how to play [21]. Directional heuristics help direct a player to specific
elements: the player needs to read potentially moving words and write them into a text
box. Figure 3 shows the game being played, and the upgrade system. Positional
heuristics give the player feedback: for example, a bar shows progress when a tower is
being hacked.

Table 3. Table relating the towers to tasks and task motivations.

Tower Player
interaction
blocks

Task
integration

Integration
mechanics

Task completion
motivation

Standard Write,
Match,
Select,
Manage

Credential
Shortener,
Time Tool,
Search &
Replace,
Image
Analysis

Creep hacking
and password
resetting

To decrease how
often the player has
to manage the tower

Communication Select,
Create,
Manage

String
Encryption

Encryption
laser
communication

To decrease how
often the player has
to manage the tower

Laser Write,
Match,
Select

Credential
Storage

SQL codes
having adverse
effects

To allow player to
select tanks without
having to weigh the
pros and cons of
entering SQL

Missile Write,
Match,
Select,
Shoot

URL
Shortener

Generating
codes and
shorten them

To shorten the time
taken to write codes
To prevent the code
entering time from
being wasted

Co-created Design of a Serious Game Investigation 229



5 Design of the Experiment

Our choice has been for an online experiment. The experimental platform consists of a
Web-browser extension, the game, a Web-API server and an online questionnaire.
Participants are invited to log into the GitHub website and install the extension which
guides them through the experiment and provides a programming environment for the
tasks. We chose to base the interface on the GitHub website as it is a natural devel-
opers’ codebase. Participants can follow the tutorial to familiarise themselves with the
game. Within the game, participants would choose to take on the programming tasks.
Completing an individual task activates the corresponding upgrade. After playing the
game the participants are invited to fill out an online questionnaire that combines the
questionnaire used by the base study [1] with game-related questions inspired by [22].
A Web-API server performs software tests on the participant solutions to the pro-
gramming tasks and collects gameplay data for analysis. The platform includes a no-
game mode to be able to replicate the base study with a control group. After an early
pilot of the experiment we improved and explained better to the participants the flow
between the game and the programming environment. We are in the process of inviting
participants for the experiment, so we cannot report results at this stage.

6 Conclusion

We have presented the combination of serious game design approaches we used in the
co-creation of a serious game to investigate developer-centred security. We have also
described the mechanics and gameplay loops of the serious game we have developed
and how we integrated the programming tasks within the game. We have given an
overview of the experimental platform which we have built for this ongoing experi-
ment. This work is an initial step which shows the potential that serious game for
software engineering and secure coding could offer to assist and engage developers
with a specific concern such as cyber security.
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Abstract. Serious Games (SGs) are widely used in a variety of fields, because
they have been shown to effectively facilitate learning in an engaging and
entertaining manner. In recent years, there is discussion on how valid evidence
of SGs efficiency can be increased, in order to further promote their use. Thus,
numerous SG design and evaluation frameworks have been introduced, many of
which have proved useful for SGs developing teams. Despite this, however, for
novice designers, this vast array can be daunting. The aim of the present paper is
to combine well-known frameworks and extract the conceptual factors that need
to be considered when designing an SG. Having in mind that the proposed
aspects are not in their essence independent, a classification of these aspects is
presented, along with suggestions regarding their use and the dependencies
among them. Although the various frameworks might have many common
factors, there are some that highlight specific aspects of a particular factor. For
instance, those frameworks that apart from the descriptive factors provide
aspects regarding application, measurement, and assessment.

Keywords: Serious Games � Framework � Conceptual design

1 Introduction

In the last few decades, many design frameworks have been introduced as tools within
the research community for the development and implementation of Serious Games
(SGs). At the same time, the latest discussions regarding SGs focus on increasing their
effectiveness. The intention of this study is to understand, on the one hand, the existing
frameworks, and on the other, the factors that need to be taken into consideration in SG
design that reinforce efficiency, implementation, and evaluation. Some frameworks
provide generic guidelines on how to design an effective SG [1, 2], while others present
processes and best practices on how to apply learning and gaming theories and methods
to the gameplay [3–6]. A few models provide some relatively distinct factors for
consideration, while others offer extensive schemas on how these elements interact
with each other. Concepts regarding learning (e.g. target group, learning styles, cur-
riculum, intended learning outcomes, learning strategies, etc.), entertainment (e.g. user
interface, aesthetics, music, etc.), and gaming (e.g. game mechanics: rules, levels, game
goals, etc.) are connected in order to formulate a conceptual scheme of how these
concepts work together in game design [7, 8]. Such frameworks can inspire researchers
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that want to develop SGs intended for different use cases. It should be pointed out that
following a framework can be very useful for a team, which may lack a deep under-
standing of learning theories and/or game mechanisms, as it secures a certain level of
efficiency for the creation of the SG. However, the selection of the most appropriate
model for a particular case may be a difficult task, especially for someone who is new
in the field. Subsequently, the aim of this study is to provide an overview on existing
frameworks by synthesizing their key conceptual factors.

Taking into account the fact that the proposed aspects are basically not indepen-
dent, the classification presented (as derived from the frameworks under review)
includes the dependencies among them, as well as suggestions regarding their use,
which can act as a tool for decision-making support during the early phases of game
design. One of the main aspirations is to support the systematic and effective design of
SGs, which can subsequently assist a systematic selection of metrics to evaluate the
initial goals of the SG. The paper is structured as follows: after the introduction in
section one, the SG design model concepts are presented in detail in section two, and
the conclusions in section three.

2 SGs Design Model Concepts

The first step of the research was to identify the frameworks for the design of SGs. This
was followed by compiling the selection of frameworks to be examined in this study.
The aim was to come up with frameworks that provide a different perspective to the
various factors, and even if these might be based on common models, they bring
something new to the discussion on SGs. This phase resulted in the selection of the
following well-known frameworks: the Four-Dimensional Framework (4DF) [3], the
Experiential Gaming Model (EGM) [9], the Exploratory Learning Model (ELM) [10],
the Flow Model (FM) [12], and a Task Annotation Model (TAM) [11]. In addition, the
Conceptual Framework (CF) [2] was included because of its simple structure and the
fact that it is based on earlier well-structured models, such as [8], the CMX framework
which is based on additional earlier models [13], and finally, a framework that was
described by Fisch in [1], was included as it provides a more empirical perspective on
various factors. The third step was to focus on the factors stated as essential for
effective SG design, for which lists were compiled for each framework. Next,
depending on the aim/purpose of each factor, four conceptual units were formed.
Learners’ specifications, which comprise those factors concerning the requirements of
learners; learning intentions, regarding the goals of the game in terms of learning;
game attributes, the games’ features; and facilitating learning, those factors that make
learning easier.

An explanation is here given regarding the six tables, which are presented in each
of the following subsections comprising the four conceptual units. The first column
lists the frameworks examined, and the most common factors appear in the top row. In
more detail, in the case where the factor gave its name to the column, a check-mark
(U) was made in the corresponding cell. In the rest of the cases, the factors are
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presented in the way they were identified in the given framework. This is done in order
to provide the reader with the information about what was identified and how the
grouping was conducted.

2.1 Learners’ Specifications

Learners’ specifications (Table 1), we refer to the game’s target audience, including
demographics, previous game and technology use experience & skills learning styles,
and preferences [3]. In this case, the game should be interesting for players and
delivered in an appealing way. The activities should also be aligned with their previous
knowledge and skills, both at the beginning and as the game progresses [10, 12]. What
is more, there should be a balance between the challenge that the user is called to
execute and the skillset that they already have. In other words, if the challenge is too
difficult for the user to successfully complete, they will feel anxiety, in contrast, if there
is no challenge because the activity is too easy for the user, they will feel bored [14].
Thus, as the user progresses in the game, the difficulty should increase accordingly.

2.2 Learning Intentions

The Learning intentions are defined according to users’ needs (Table 2). The decision
on the pedagogy used is essential for carrying out the next steps which concern the
design/selection of activity types. The pedagogy may be associative (a): task-based
learning, mainly for skills and training - learning a skill through practice in the game;
cognitive (c): built on experience, reflection, abstraction and experimentation - forming
a new cognitive model through experimentation; and situative (s): social - learning
through social interaction and collaboration with others [3, 10]. In Table 2, these
pedagogical approaches are referred to as a, c, and s, respectively. The learning context

Table 1. Factors related to learners’ specifications

Framework Learning
styles

Needs & interests Learners experience/skills

Fisch [1]
EGM [9]
4DF [3] Learner

profiling
Learners’
specifications -
preferences

Demographics, ICT skills, gaming
experience

CM [2] U Situated & authentic
learning

ELM [10] Based on experience, challenges
aligned with learners’ skills

TAM [11] U Needs/preferences Skills
FM [12] Challenges aligned with learners’ skills
CMX [13] User profiles User – initiatives inside the game &

knowledge to support reflection
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may include economic or political factors (macro-level factors), the available spaces,
technological means [13], as well as media and sources (micro-level factors) [1]. The
context of use would affect which game will be used and which game type would be
most appropriate [3]. The learning content is the subject the learner is intended to learn
[2]. [1] emphasises the proper integration of the educational content in gameplay.
Having a strategy where the appealing elements are inserted alongside the educational
content to form the SG is not as effective as having the educational content integrated
into the gameplay so that the users employ the targeted skills and knowledge as part of
the game’s progress. The intended skills are the cognitive, psychomotor and affective
skills which the learner is targeted to develop as a result of playing the game [2]. Skills
may be cognitive (c): recall, analysis, synthesis, evaluation; psychomotor (ps): well-
timed, fluid execution; or affective (a): identifying, adopting, valuing appropriate
attitudes and points of view. In Table 3 these skill sets are referred to as c, ps, and a,
respectively. The combination of learning content and intended skills forms the
learning objectives, meaning the game’s specific educational goals (e.g. “Users should
be able to recall the date of the battle of Thermopylae”) [1]. Thus, the learning
objectives refer to a specific verbal formulation of what we target to do. Learning
intentions may include teaching support which refers to whether the game will play an
additional role supporting the teacher’s or author’s work and what kind of support it
will be [11]. If teaching support is available, the authoring tool should help the teacher
organise the learning material into units and set the educational goals [13].

2.3 Game Attributes

The most appropriate game genre (strategy, adventure etc.) should be selected
according to previous decisions and needs, which will lead to the proper inclusion of

Table 2. Factors related to learning intentions

Framework Pedagogy Learning
context

Learning
content

Intended
skills

Learning
objectives

Teaching
support

Fisch [1] Media Educational
content

Targeted
skills

EGM [9] Skills U

4DF [3] Pedagogy
(a, c, s)

Context

CM [2] Instructional
content

Capability
(c, ps, a)

Intended
learning
outcomes

ELM [10] a, c, s
TAM [11] Educational

aspects
Content Skills U Teaching

patterns
FM [12]
CMX [13] U Infrastructure U Skills Learning

objectives,
goals

Authoring
tool
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rules and game mechanics (Table 3). The intended learning activities and educational
content affect the selection of the proper game mechanics that should support learners’
specifications [2]. The narrative structure is also related to game genre [11]. The
educational content of the game should be properly integrated into the story [1]. The
game scenario and activities establish the game plot, and subsequently the overall
navigation of the user. The story links the educational and entertainment factors of the
game [13]. The way that the story unfolds, should be aligned to the pedagogical
strategy and learning objectives. As the flow theory proposes [14], the game activities
(challenges) should be aligned with users’ skills, in order for them not to feel bored (if
the tasks are too easy), nor anxious (if the tasks are too difficult to solve) [9, 10, 12]. In
the case of an authoring tool, different task types, as well as different possible com-
binations of tasks can support the various needs [11]. Interactivity is the extent to which
the game activities require responses and engagement from the learners [2], while the
interactivity level should be defined in accordance with the users’ specifications (prior
gaming experience, skills, preferences etc.). The decisions as to what extent the user
will interact with the game is based on the learning objectives, outcomes and the way
that the user learns [3].

Furthermore, there should be coherence between the interaction modalities and the
game’s educational strategy [11]. Different types of games and activities offer diverse
opportunities for interaction. The type of rewards encourages the users to continue
playing, while keeping their motivation high [2]. What is more, the frequency of the
rewards and the time they are given are important in making the users feel that they
have been rewarded as a result of their actions.

Table 3. Factors related to game attributes

Framework Game genre
& mechanics

Narrative
structure

Activity Interactivity Rewards

Fisch [1] Content -
gameplay

EGM [9] Challenges
4DF [3] Level of

interactivity
CM [2] Genre,

mechanics &
rules

Learning
activity

Interaction Rewards,
achievement

ELM [10] Challenges
TAM [11] Sandbox,

mechanics
U Tasks Method/level

of interaction
U

FM [12] Challenges
CMX [13] MMORPG,

mechanics
Game
plot

Activities Interactivity Awards,
game
achievement
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It is important for users to feel that they have control over their actions in the game
(sense of control) [9, 10, 12] (Table 4). The extent to which the user can direct the
actions in a game need to be defined. To enhance this feeling of control, users may be
able to play at their own pace and define their own sequence of gameplay (level of
linearity) [2]. The graphical user interface (GUI) is also important regarding the impact
that the game will have on the users. It should be aligned with the game genre and user
preferences [3]. The GUI is not only essential in making the game appealing to the
target audience through the use of certain colours, styles and animations, but also
carries elements of the learning strategy [11]. For example, a clear background with
elements that are appropriately contrasted, has the effect of focusing the user’s attention
to the targeted spot in the game, or elements and animation can be used to indicate
hints. The level of graphic fidelity is associated to the level of immersion. In a serious
game, the appropriate level of immersion should be defined as a highly immersive
environment may, in some cases, distract from learning, while in others, it may be
supportive [3, 10]. Level of immersion is related to the technological means and the
context of use. Usability is a major factor of success for any game [9], which should
have been tested to ensure playability as well as minimise any software weaknesses
(errors, bug, latencies etc.) [13]. Clear goals are important to make the user feel
confident and enable them to achieve one goal at a time (incremental learning).
Needless to say, the goals should be related to the learning objectives, in order to
increase the educational effectiveness of the game [2, 9, 10, 12].

Table 4. Factors related to game attributes (continued)

Framework Sense of
control

GUI Level of
immersion

Usability Clear goals

Fisch [1]
EGM [9] Control

over the
game

U U

4DF [3] Level of
fidelity

Level of
immersion

CM [2] Learner
control,
linearity

Incremental
learning

ELM [10] Sense of
control

Immersive
learning

U

TAM [11] Presentation
pattern

FM [12] U Playability U

CMX [13] Infrastructure
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2.4 Facilitating Learning

Numerous ways to facilitate learning through gaming have been presented (Tables 5
and 6). Users need to be able to focus their attention (Table 5) on the particular activity
of a game as a high attention level is of paramount importance for learning in any
context [9, 12]. An appropriate graphical user interface design helps users concentrate
on particular elements and activities [11]. Not only should they be able to focus
visually, but also mentally on the specific game activity at hand for optimal learning
[9]. Users should receive feedback on each action they perform so that they know that it
has been executed (interaction feedback), and the extent to which every interaction
provides feedback should be defined (intermittent feedback). Feedback may be
delivered immediately or on demand [10, 12], and cognitive feedback may be provided
to users in various forms (simple answers, virtual character discussion, explanations,
guidance etc.) to support reflection [9, 12]. This means that the game should not
provide the right answer immediately, but rather guidance for the user to think in order
to head in the right direction [11]. Support, hints, help, explanations, adapted feedback
and social communities are important means/models in providing scaffolding oppor-
tunities [1, 2, 11–13].

By integrating Kolb’s theory [15] into serious games, users would have the
opportunity to observe the results of an experience and to reflect on their actions (think
about what has happened), and form new cognitive schemata (think about what can be
done – abstract concept, hypothesis) in order to test it (experiment). To support
effective learning, the user should be able to transfer and use their knowledge in

Table 5. Factors related to facilitating learning

Framework Focused
attention

Feedback Reflection
activity

Schemata
construction

Experimentation
activity

Transfer of
knowledge

Fisch [1] Feedback,
hints

EGM [9] U U Reflection
observation

U Active
experimentation

Transfer
new
knowledge

4DF [3]
CM [2] Attention

span
Intermittent,
scaffolding

Reflection Transfer
learned
skills

ELM [10] Immediate
feedback

Reflection –

meta-reflection
Forming
abstract
concepts

Experimentation Contextual
transfer

TAM [11] Presentation
pattern

U Metacognitive
support

FM [12] Concentration Feedback,
Immediate

Cognitive
feedback

CMX [13] Scaffolding Reflection

238 C. Tsita and M. Satratzemi



different contexts (transfer knowledge). This may include the use of knowledge from a
previous level to the next, or the use of a skill in different activities during gameplay [2,
9, 10].

Repeating activity (Table 6) refers to the frequent assignment of the same task
inside the gameplay [11]. Those activities may be supportive especially when prac-
ticing skills is the goal of the game. The tasks should become increasingly harder to
maintain a balance between the player’s skills and the game challenges [2]. An
explorative game environment, such as a 3D world, gives the user a higher sense of
control, and can be used with the intention of increasing the user’s exploratory
behavior (exploration activity) [10–12]. The flow state is different to attention and
immersion. Attention is needed for the user to concentrate on an activity and con-
sciously think and act in order to learn. Immersion is a state where the user feels that
they are part of the environment. A flow state is when the user has all of their attention
on an activity; as such they do not have a sense of their surroundings or self and their
sense of time has been altered. This apparent loss of who or where one is due to being
fully engrossed in the game does not mean that the user cannot consciously learn in the
game’s environment. In fact, the user feels that the actual activity is highly rewarding
[12]. It has been shown that a high level of user engagement can increase both playing
time and learning performance, as well as motivate the user to play the same game
again and also enhance their willingness to play a game with similar content or cause
[11, 13]. Social interaction is an important source of learning, especially when situative
learning is intended [3]. Social interaction can support scaffolding, while members of a
group engage in social learning through interaction [10].

This kind of learning strategy is supported by collaboration tools, such as chat,
forum etc. [13]. The intended level of entertainment in a game needs to be well-defined,
while there should be a balance between the entertainment and educational factors,
which is the foundation of any serious game (edutainment) [11, 13]. Finally, the ways

Table 6. Factors related to facilitating learning (continued)

Framework Repeating
activity

Exploration
activity

Flow state Social
interaction

Level of
entertainment

Assessment

Fisch [1]
EGM [9] Flow
4DF [3] Situative

learning
CM [2] Practice &

drill

ELM [10] Exploration U

TAM [11] Repetition Exploration Engagement U Entertainment
value

FM [12] Exploratory
behaviour

Flow state

CMX [13] Engagement Collaboration
tools

Entertainment
features

Learning
outcomes
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in which the learning outcomes are assessed should be defined during the design phase,
so as to incorporate the corresponding tools and techniques within the game’s archi-
tecture, and the gameplay. Defining the goals of the game, its attributes, content,
activities, user interface etc., should correspond to the evaluation strategy, as well as
the source of data provision between intended and actual outcomes [13].

3 Conclusions

The aim of this study was to combine and classify the conceptual factors that have been
proposed for the creation of a Serious Game from existing frameworks. This study
resulted in a comprehensive set of concepts that can be used in the design phase of an
SG as a guide for decision making, regarding learning and gaming factors. Not only is
this decision phase crucial for the success of an SG, but also in the final assessment
phase, will the effectiveness of the SG be measured in accordance with the initial
intentions.

Feedback is the most common factor suggested in all the frameworks examined. In
fact, it is proposed that interaction feedback be delivered immediately, as this is how
the user knows that their action has been executed in the game world. Feedback
regarding the learning process should also be delivered but on demand, when the user
needs help for instance. Most of the frameworks, but especially those based on
experiential learning and Kolb’s theory [15] suggest that the feedback must allow the
user to reflect on their actions in order for them to form new cognitive structures. Then
they should test their hypothesis in activities that support experimentation and new
virtual experiences that allow the transfer of knowledge in different contexts. Most of
the frameworks, and particularly those inspired by the flow theory, suggest that a
serious game should incorporate focused attention, clear goals, and a sense of control as
standard assets [14]. These factors, together with the game’s challenges should be
balanced with the user’s skills, not only at the beginning of the game, but also during
the gameplay, as the user increases both their skills and knowledge. Most of the
frameworks also consider scaffolding to be essential. The proposed scaffolding
mechanisms, such as hints, help, forum, chat, virtual characters etc. help the user to
reach an optimal level at a particular time that would otherwise not have been possible
without external stimulus [16]. Interestingly, the assessment factor was not a common
reference in the frameworks examined. One reason could be that there are various
frameworks for SG assessment. Nevertheless, it is practical to define both the intended
outcomes and the way they will be measured. In sum, we propose that all the evaluation
strategies should be defined in the early design phase, in order to incorporate the
corresponding tools and techniques within the architecture of the game itself, as well as
in the gameplay (e.g. log data, recordings, analytics etc.). Furthermore, we believe that
the findings of the current study can be used in future as guidelines in the design of
Serious Games for different case studies.
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Abstract. Educators have now introduced the so called escape-games into their
teaching or training practices. During a limited time, a team of learners col-
laboratively solves puzzles related to educational content. For learners, the aim
consists of “escaping” from a room. For educators, an escape-game contextu-
alizes an educational content into a meaningful and inspiring experience based
on game-based and collaborative learning. This paper deals with the imple-
mentation of what we call educational escape game with the focus on the
process dedicated to decontextualize the knowledge after a game session. We
want to get a better understanding of debriefing so that practice can improve.
The paper is based on an empirical study carried out with teachers/trainers
experienced in implementing educational escape games. The paper is organized
as follow. We (1) provide with a brief review of literature on debriefing and we
argue for the adoption of the term “institutionalization”, a concept enabling to
take into consideration the transformation of knowledge after a game session.
We (2) propose a definition for educational escape-game based on a literature
review and the systematic analysis of 2 French databases of educational escape
games and (3) we discuss the results of an empirical work aiming at under-
standing how educators carry out the debriefing session which follows the time
dedicated to play. According to our theoretical framework, debriefing consists of
a process aiming at the transformation of the subjective and situated knowledge
developed during the game into objective and transferable knowledge. Inter-
views and questionnaires conducted with three teachers enable to describe this
process in terms of time (chronogenesis), role played by participants (topoge-
nesis) and the settings (objects and relationships between objects) in which this
process takes place (mesogenesis). These findings offer the opportunity for new
guidelines for the design of debriefing sessions.

Keywords: Escape game � Game-based learning � Debriefing �
Institutionalization � Chronogenesis � Topogenesis � Mesogenesis

1 Introduction

The success met by escape games is attested by the increase of the number of com-
panies who propose players to be locked in a room where they must seek clues and
solve puzzles tied to a storytelling to escape before time runs out. We can hypothesize
that this success results from the two core dimensions that are not specific to escape
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game but are combined in a same game: the sense of reality due to the fact that the
players are locked in a room, seek tangible objects, and playing by team and experi-
encing social relatedness.

Innovative educators, teachers or trainers, have been inspired by these games and
they adapted the concept to education. They created escape games focused on edu-
cational content – called educational escape games in this paper - and their students or
trainees participate to a game-based and collaborative one hour learning session.
Today, this phenomenon is visible for secondary school education but also at university
level and for adult education.

However, we know from research on game-based learning that there is a difference
between mastering the rules of a game and learning from the game content. Learning
requires reflection on the actions performed during the time devoted to play and we
know that game-based learning requires debriefing. There is a risk that educators
involved in implementing educational escape games miss this important phase. There is
a risk that they face difficulties to implement it so that debriefing meets its purpose:
making explicit and transferable the knowledge developed during the session dedicated
to play.

Thus, this paper deals with debriefing practices with educational escape games. We
want to get a better understanding of how debriefings are carried out by
teachers/trainers who have introduced educational escape-games into their teaching
practices. We want to understand how they make possible that knowledge is processed
and learnt by the students. First we propose a literature review and a theoretical
framework for debriefing. We also provide with a definition for educational escape
games. Second, we describe the methodology used for an empirical study on
teachers/trainers practices. Third we discuss the data collected and we conclude on the
importance to provide educators with theoretical models and tools.

2 From Debriefing to Institutionalization of Knowledge

There is a difference between mastering the rules of the game and recognizing the ways
those rules structure our perception of reality [1]. Thus, learning from a game occurs
only after reflection and debriefing [2] and debriefing is an integral part of a game-
based learning experience [3]. Debriefing plays different roles. First, debriefing fosters
reflection and metacognition. The implicit knowledge dedicated to play becomes
explicit during an after-playing debating session. Second, debriefing is recognized to be
crucial for the transfer of knowledge and the learning experience is undermined if the
players are not aware of the learning elements [4]. For some authors, the game-based
learning experience is transferable if the teacher clarifies the purpose of the simulation
[5]. However in 2010, Crookall [6] stated that the concern with debriefing seems to
have been lost in a majority of research studies. This assertion seems to be still true ten
years later.

Lederman proposes [3] a literature review on debriefing and a description of this
“post-experience analytic process”. For Lederman, debriefing is “a process in which
people who have had an experience are led through a purposive discussion of that
experience” (p.146). Her literature review shows that debriefing may have different
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purposes: to gather experience from subjects [7], to inform subject on the purpose of
the lived experience [8] and, within an educational context, to provide learners with
insight into the activity in order to help them to learn from their experiences [9].
According to this review of literature, debriefing relates to the learning, the emotional
or the behavioral content and, depending on the purpose of the game, the content of
debriefing, different scenario might be used by debriefers. In the education setting,
guided discussions seem to be favored. Lederman’s work is focused on a methodology
for carrying out a debriefing and different elements are identified. However, her work is
focused on the participants to the debriefing and knowledge is not explicitly mentioned.

Another approach comes from the theoretical work carried out by Brousseau [10] in
the field of didactics of mathematics. This approach stresses the difference made in
French language between savoir and connaissance both translated by knowledge in
English. Savoir means objective and institutionalized knowledge while connaissance
refers to subjective and situated knowledge. Savoirs refers to concepts, models and
theories. They results from the questioning of reality and they are produced by insti-
tutions (e.g. University). Connaissances are individual explanations that emerge from
the lived experience. Thus, Warfield [11] proposes to distinguish the verbs connaître (to
be familiar with) and savoir (to know a fact). The differences stress the status of
universal, formalized and transferable knowledge with statements precisely known and
knowledge non-formalized and tied to a specific context (connaissance). Institution-
alization, relates to the change of the status of knowledge during a debriefing session.
The subjective and situated knowledge becomes objective and context-free. This
transformation occurs when the situated knowledge needed to win the game is made
explicit and validated by an official external source (the teacher or trainer as debriefer)
and becomes universal and transferable. Thus, the term debriefing is focused on the
cognitive, behavioral and psychological dimensions of the game experience while
institutionalization is more focused on the transformation of knowledge.

According to Sensevy [12], as a transformation, institutionalization encompasses
different productions. Topogenesis refers to the place occupied by the participants
(teacher and learners, trainers and trainees) and the roles that they play during the
process. Who is involved? Who is in charge of the verbalization of the knowledge?
Who is asking questions? Who is answering? Chronogenesis refers to the position and
the evolution of knowledge on the timeline for teaching and learning. How is the
knowledge expressed and described at a specific moment? Mesogenesis refers to the
design of the setting of the debriefing. Space and objects are organized by the
teacher/trainer in order to establish constraints. The learners will have to address these
constraints and evolve. What are the objects used by the teacher? How does he/she set
up the situation?

While the term debriefing mostly refers to pragmatic issues, institutionalization
stressed that knowledge needs to be transformed after a time dedicated to play and
these transformations encompasses explanation, validation and objectivation. In the
following, we will refer to this concept to get a better understanding of the role taken by
the phase dedicated to report the experience gained during the time dedicated to play.
This work has been carried out for a project dedicated to understand the implemen-
tation of educational escape games for teaching or training. We want to develop a better
understanding of debriefing and to improve debriefing practices.
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3 Educational Escape-Games

Our study focuses on the debriefing session that follows the use of escape games for
educational purposes. Although there are some evidences for stating that educational
escape-games become more and more popular among educators. According to our
knowledge, empirical researches are rare and systematic reviews on educational
practices have not been conducted yet.

3.1 Toward a Definition

A search in research databases in English (ERIC, Google Scholar) and French
(CAIRN) languages with keywords such as “escape game”, “escape room” and “jeu
d’évasion” provided with few results. Altogether, 70 articles were mentioned. How-
ever, only 6 were directly linked to our subject. We also found that there is a lack of
empirical work related to the escape games. We didn’t found research papers based on
empirical evidences but merely papers that consist of experience feedbacks and
develop arguments already well known from the game-based learning community such
as students’ motivation and collaborative learning [13].

According to Corkill [14], escape games, also mentioned as real escape games or
escape rooms [15], come from Japan and appeared in 2007. Escape games were played
in clubs and bars where players had to escape from the “room” by seeking clues and
solving puzzles in less than 60 min. This is in line with the definition proposed by
Nicholson [16]. Escape rooms are “live-action team-based games where players dis-
cover clues, solve puzzles, and accomplish tasks in one or more rooms in order to
accomplish a specific goal (usually escaping from the room) in a limited amount of
time.” We also found similar definitions in papers published in French [13]. Escape
games designed for educational purposes are sometime quoted with the expression
“serious escape games”. We prefer to use the expression educational escape game to
describe an instructional method requiring the learner to participate in a playful activity
aiming at collaboratively finding clues and solving puzzles linked to an educational
content, in order to escape from a physical room. Based on the systematic review of the
games described on website dedicated to display educational escape games among the
education community and our literature review, we retain the following characteristics:

– Unambiguous educational objectives. By unambiguous we mean that designers
and/or game masters have clear expectations in terms of learning and that the
educational content is intrinsic, i.e. non-separated from the game mechanics [17].
These objectives are usually communicated to learners after the game session
through a debriefing. They consist of concepts, competences and/or soft skills such
as collaboration, communication or creativity.

– A physical space dedicated to the game. This space takes the form of a room where
clues are present and must be seek and interpreted by players/learners. This physical
space is usually tailored to creating a gaming context, for example with low light
and music for mysterious atmosphere.

– Clues and puzzles. Players/learners address a challenge, “escaping” from the room.
These clues and puzzles are based on a storytelling. This storytelling can take
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different forms such as finding a specific password or object. For each clue or
puzzle, the player/learner has to develop specific knowledge and/or skills. Usually,
the links between the different puzzles are non-linear and it is possible to win with
different approaches and strategies.

– Team work. Players/learners form a unique team. There is no competition with
other teams but a conflict with the game itself [18]. The game requires collaboration
of teammates (common objective, task sharing, communication and management).

– Fantasy and play. Play is subjective and the game requires interpretation from the
players. Play is based on meta-communicative acts that frame patterns of behavior
in time [19].

3.2 Teaching Levels and Educational Purposes

The French website S’cape1 designed by three teachers is a database of 142 educational
escape-games designed for primary and secondary students and also for training
teachers. The website also provide with ideas and advices for the design and imple-
mentation of educational escape-games. Another French website Escape n’games2

brings together 145 escape games from primary school to adult education. Universities
have also implemented educational escape games with various objectives. For example,
the Louvain Learning Lab (LLL) has developed an educational escape game dedicated
to foster game-based approach in university courses. Hellscape is another educational
escape game implemented into University Paris Sorbonne Nouvelle. Hellscape aims to
help new students to develop digital and media literacy. In the University of Fribourg
(CH), we teach technology enhanced learning and game-based learning to pre-service
teachers with Enigma, an escape game designed by French teachers trainers.

An analysis of a sample of 25 educational escape games from the website S’cape
shows that they are mainly designed for secondary education (23) and far less for
primary education (1) or university (1). Various subjects are addressed: biology,
geology, maths, physics, chemistry, history, geography, literature search, information
and media education, citizenship education and foreign languages (Spanish and
Italian).

According to this review, the purposes of the educational escape games are mainly
learning or reviewing concepts and less about creativity or team building. Students
engagement and students motivation are also often mentioned. Although the games are
mainly based on the core idea that learners solve puzzles in a room and use tangible
objects, digital tools are also often used: QR code reader, Learning Apps, augmented
reality. Genially3, a digital online platform which enables to create interactive content
is also often used for the design of the games.

1 https://www.scape.enepe.fr.
2 https://www.cquesne-escapegame.com/.
3 https://www.genial.ly/fr.
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4 Research Questions and Objectives

The objectives of this preliminary work are to get a better understanding of how
debriefings are carried out and how knowledge is institutionalized by teachers/trainers
who have introduced educational escape-games into their teaching practices. This first
step aims at preparing a more long term objective: modeling institutionalization as a
process and designing a digital tool dedicated to support this process. Thus, we want to
improve debriefing practices by getting a better understanding of debriefing and pro-
viding with guidelines.

These objectives cannot be reached without taking into account the way educa-
tional escape-games are introduced into teachers/trainers practices in terms of teaching
objectives and game implementation. Thus, this study focuses on teachers/trainers’
practices and we want to address the following research questions:

– A first category of questions is linked to the educational content and the way
educational escape games are implemented: What kinds of objectives are addressed
by the teachers/trainers? Are these objectives linked to a totally novel knowledge or
do they implement educational escape games so that learners get the opportunity to
assess their understanding of concepts previously taught? What measures should be
taken so that the situation can be seen as a game by the learner? Which role is taken
by the teacher/trainer during the session dedicated to play?

– The second category of questions is linked to the way the debriefing is carried out
by the teachers/trainers. How is the knowledge verbalized and expressed on the
timeline (chronogenesis)? What are the roles of the different participants
(learners/trainees and teachers/trainers) during the debriefing session (topogenesis)?
And how space and objects are organized by the teacher/trainer (mesogenesis)?

5 Research Settings

The research settings encompass a questionnaire. We selected 3 teachers/trainers (Z, Y
and X) who have already a lot of experience in designing and implementing escape
games for teaching/training. Indeed, they are both responsible for implementing edu-
cational escape games at various levels and for the design of a website displaying
educational escape games among the education community. Y is a secondary school
teacher for information and documentation. Z and X teach biology and geology at
secondary school students. They are all teachers trainers on the use of digital tech-
nology at school and involved in teachers training sessions on the use of educational
escape games. They also published articles, on the website about the design and the use
of educational escape games for educational purposes. Thus, we consider them as
experts.

For gathering this expertise we designed a questionnaire. The questionnaire
encompasses 30 questions on:

– The teacher/trainer and her/his expertise and experience in designing educational
escape games.
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– The way she/he designs and implements escape games, what educational objectives
are pursued, and which role is taken by the teacher during the time devoted to play.

– How the debriefing is performed in terms of chronogenesis, topogenesis and
mesogenesis.

Mesogenesis encompasses questions about space and the tools used for the
debriefing. Do they debrief learners in the room where the game took place? Do they
use traces collected during the game? Do they use specific tools or representations such
as Post-it or conceptual maps?

Topogenesis was assessed by questions about the roles of the different participants.
What questions are asked by the teacher? What are the roles taken by the learners?

Chronogenesis encompasses questions about how knowledge is processed during
the debriefing. What kind of knowledge? Do they aim to teach concepts or to develop
skills? Is this knowledge made explicit? Decontextualized? Institutionalized?

The questionnaire also enables to consider the debriefing in terms of product (the
knowledge involved), process (institutionalization) and roles (teachers/trainers and
learners).

The questionnaire was tested with one of the participants during an online interview
performed with SWITCHinteract, an online conference tool that allows to split screen
and to share documents. SWITCHinteract also enabled to videotape the interview. This
participant first filled the questionnaire and then she was asked to explain her answers
during the interview. Thus, this interview enabled to gather information and also to
revise the formulations of some questions that were not totally clear. The questionnaire
was sent to the two other participants who filled it without being interviewed.

The research settings also encompass the implementation of Enigma, an educa-
tional escape game dedicated to train pre-service teachers to use digital technologies for
educational purposes. We selected the game from S’cape, a French website dedicated
to spread experience and material about educational escape games. Enigma was
adapted for the training of pre-service teachers from our university and 3 sessions were
organized. By implementing Enigma, we wanted to face common issues for the
implementation of an educational escape game and to gain a concrete experience. Thus,
the research settings of our research are design based [20].

6 Results and Discussion

In the following, we first describe the practices expressed by the teachers/trainers in
terms of educational objectives, game design and game implementation. Second, we
analyze how they describe the performing of the debriefing sessions.

6.1 Design and Implementation

Educational Objectives: The answers show that it is possible to distinguish 2 categories
of educational escape games: (1) games dedicated to introduce a totally novel educa-
tional content and (2) games designed for the review of concepts supposed to be
already known by students. For this last case, the game enables to “go further” (Y).
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Each participant to the study considers that it is important to not communicate edu-
cational objectives to their students/trainees prior to the game session. Z explains “Lets
the game be”. For Y, there is a risk to “kill the game”. The introduction to the game
encompasses the presentation of the pedagogical approach (game-based learning),
security rules and the importance of communication and collaboration. The descrip-
tions of the game introduction show that this introduction aims to make possible that
the students/trainees will experience a situation that they will interpret as a real game.
In this way, an escape game sounds like what Brousseau call adidactical situation [10].
It means that the role of the teacher consists of arranging the set-up and standing back
while the students construct their knowledge by overcoming challenges and difficulties
while the teaching objectives are hidden. Hiding the teaching objectives makes possible
that the players/learners take on the challenge offered by the game and perform
according to their understanding of the situation rather than to the expectations of the
teacher/trainer. Thus, students’ engagement into the game becomes possible and they
freely perform according to their understanding of the puzzle and their knowledge (or
misconceptions).

Role of the teacher/trainer during the time devoted to play: The participants to the
study identify themselves as game masters. They recall security rules, remaining time.
They foster communication and collaboration and guide the players/learners to recall
the concepts that might be useful. Sometime, provide learners/players with additional
information but they expect that solutions come from the learners/players themselves.
They expect them to be autonomous. However, they indicate that they also need to
scaffold the learners/players activity. According to our own experience in imple-
menting educational escape games. The joy of playing is an outcome from the tension
between the frustration resulting from failure and the pleasure of success. Thus, there is
a risk to kill the game if the learner/player feels that the puzzles are solved by the game
master. The answers to the questionnaire show that the feeling of competence of the
learners/players is an issue which needs to be addressed by teachers/trainers.

6.2 Debriefing

According to the answers from the 3 teachers/trainers, the design of the educational
escape game always includes a debriefing session.

Chronogenesis. Based on the answers to the questionnaire, we identified 4 different
steps for the debriefing session:

A. Feedbacks about the game experience. Teachers/trainers ask questions about the
situation experienced by the learners/players. Did you enjoy the game? Why? Did
you found the puzzles difficult to solve?

B. Feedbacks on learning. What did you learn from this experience? The learning
content might be related to specific concepts; however, teachers/trainer seems to
also consider skills to be important: scientific inquiry (X) and search for infor-
mation communication and collaboration (Y).

C. Feedback on the game itself. Presentation of the organigram of the different puz-
zles, presentation of the game material.
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D. Feedbacks on the link between the concepts, the content to be learnt and the
puzzles. Errors are discussed. The concepts are named. For example, Y explains
that “when [the students] talk about the puzzles, I rephrase in a scientific way so
that each student understands”.

E. Conclusion of the game. This is a way to assess the students’ willingness to
participate to a similar experience. Are you ready to start a similar experience?

According to Lederman’s model of debriefing, A corresponds to “a systematic self-
reflexive process about the experience”, B, C and D to “the refocusing of participants’
reflections onto their own individual experience and the meaning they have for them”.
Depending on the teacher/trainer, the debriefing follows the chronology A-B-C, A-C-
B-D or A-B-C-D. Phase 3 of the Lederman’s model [3] (“the exploration that takes the
participants from their own individual experience to the broader application and
implication of that experience”) is missing. Thus, the institutionalization process is not
totally complete.

The learners/players are lead to reflect to their past experience, the concepts
involved are identified and named. Activities are also foreseen after the debriefing.
They take the form of labwork (Z), exercises (Y) or other forms of school works. These
activities are also opportunities to assess the students and to confirm that the transfer of
knowledge is effective. Thus, the transfer is not taken into consideration during the
debriefing but after the debriefing, during more traditional school activities. From this
study it appears that an educational escape games and the debriefing which follows are
not isolated. They are integrated into a global learning scenario.

Topogenesis. Each teacher/trainer explains that he/she splits the time with students.
However, depending on the participant to the study the roles are distributed differently
regarding the knowledge. Z explains that the debriefing is based on a Powerpoint
presentation and this presentation helps him to be focused on the topic when the
students tend to propose ideas that are far from the subject to be learnt. Y underlines the
importance to take into consideration the students’ proposals and to rephrase them. She
seems to give a greater place to students’ participation but she is responsible for a final
summary of the concepts involved in the game. X describes herself as a guide. She
organizes students’ participation and takes care that everyone participates. For her,
questions enable for the guidance of the students. The end of the debriefing depends on
the available time (Z) or the end of the questions posed by learners/players. The limited
time dedicated to the debriefing is also considered to be an issue. According to the
different participants to the study there is a balance between students and teacher’s
roles regarding the knowledge involved in the game. Students provide feedback about
their failure and success. They talk about their interpretation about what happen and
ask questions. They make their knowledge (and misconceptions) visible.
Teachers/trainers have three main roles. (1) They emphasize the importance of
assessing learners/players. Either they assess them based on their answers to the
questions asked; either the students are expected to self-assess their knowledge. (2) The
teachers/trainers make possible that student’s knowledge become visible and shared.
They are also responsible to assessing and validating the knowledge expressed by the
students. (3) They also name the concepts that emerged during the game and introduce
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scientific vocabulary. It means that they try to make possible the conversion of the
individual and situated connaissances into shared and universal savoirs. (4).

Mesogenesis. The need for a clear distinction between the time dedicated to play and
the debriefing emerges from the answers provided by the teachers/trainers. Y explains
that it is sometime difficult to decrease the students’ excitation and that he has already
faced the difficulty to deal with two teams who wanted to compete with each other.
There is a debate about holding the debriefing in the room where the game takes place
(and then it is possible to look back, with learners/players, to the material that they used
during the game) or to hold the debriefing in another room and then, to make clear the
boundary between the game and the debriefing. Y explains that the “shift to paper and
pencil activities is difficult. There is a gate to pass through”.

Different settings are mentioned for setting up the debriefing. X and Y ask the
students to seat down or to stand up around a table where all the clues collected are
made visible. This is a “relaxing time” (Y), “one listens to each other and the dis-
cussion needs to be pleasant”. The setting chosen by Z is more face-to-face and based
on the use of a Powerpoint presentation.

Traces from the students’ activity are not often collected and used. Z and Y do not
gather any traces. Z provides the students with a “kit encompassing all game elements
and additional information about the concepts involved in the game”. Sometime, Y
takes a picture from the concept map drawn during the debriefing. This picture is
utilized during further activities. X carries out a brainstorming session with Post-it. She
produces quizzes that are used latter on and an infography for the learners/players. She
takes photos. She also audio or video-tapes the key moments of the game (search,
cooperation, solving the puzzles, final solution found by the learners/players…). These
traces are published on the website of the school.

7 Conclusion

Our study made visible that the debriefing refers to a diversity of practices and there is
not a unique approach. However, beyond this diversity of practices, the answers from
the participants of our study show that the main issue faced by educators relates to the
transformation of knowledge developed during the game session so that this knowledge
makes sense for the learners.

As a result, the term debriefing does not totally cover the complexity of the process
which make possible that players become learners. The term fully reflected that
learning occurs if players are engaged in a systematic self-reflexive process about the
lived experience. The term also expresses the importance to helping players to envisage
the broader application and implication of that experience. However, the term fails to
describe how knowledge is or should be processed. This process relates to the
decontextualisation of knowledge. The player develops skills and acquires knowledge
during the game. The French word connaissance expresses that this knowledge and
these skills are subjective and tied to a specific context. This knowledge and skills need
to be processed so that they become savoirs that will be usable in contexts that are
different from the context prevailing for their development.
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Based on the information gathered from the participants to our study we conclude
that this issue is addressed by experimented teachers/trainers. We underlined some
difference in terms of teachers/trainers practices but we can conclude that they rec-
ognize the importance of institutionalization of knowledge by paying specific attention
to organizing place and object (mesogenesis), time (chronogenesis) and distributing
roles (topogenesis). However, due to the complexity of this process and the constraints
faced by educators, there is a risk that is not fully addressed by less experienced
educators. Thus, there is a need to go further and to get a better understanding of how
knowledge should be processed to insure that the transfer will occur. This issue is not
specific to game-based learning. However, the implementation of educational escape
games make more apparent the need for a time dedicated to institutionalize knowledge.
It also emphasizes the need to offer educator specific tool dedicated to carry out this
process. Gathering traces from the gaming experience, making these traces visible for
educators and learners, enabling players to participate to a discussion based on these
traces, naming the underlying concepts and enabling learners to envisage how these
concepts might be applied in different contexts are out of importance. This is why we
are now involved in modeling this process and to develop digital tools that could help
teachers/trainers to address this issue.
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Abstract. This paper presents the results of a study, comparing a game versus a
dashboard with respect to energy conservation in the household. In a pretest-
posttest design, an empirical study tested whether change in attitude, knowledge,
engagement and behaviour with respect to energy conservation in the household
was different for participants playing Powersaver Game compared to a control
condition where participants used an energy dashboard with the same content,
but excluding game features. The aim of this game (developed using an iterative
user-centered game design methodology) is to influence household energy
consumption by means of electricity and gas usage in the long-term. The
intervention time was at least 5 weeks and pre and post measures based on 21
days intervals. All energy conservation activities that the application provides
(e.g. washing clothes on low temperatures) take place in the real world and
feedback is based on real time energy consumption. This inverse gamification
principle aims to optimize the transfer between the game world and the real
world. Energy consumption significantly changed in the game condition com-
pared to the control condition, and the difference between both conditions is
more than 33% after the intervention. In the game condition, knowledge about
energy conservation was significantly increased, although no significant differ-
ences in increase of attitude and engagement were found. We conclude that
Powersaver Game is effective in transfer of energy conservation knowledge,
which leads to energy saving behaviour on the long term. It cannot be concluded
that playing the game leads to a greater change in attitude, however, attitude
scores of the participants were high from the start.

Keywords: Gamification � Energy conservation � Persuasive games �
Behaviour change

1 Introduction

Gamification by incorporation of game features can be a valuable strategy for making
non-game products, services, or applications, more motivating, and/or for engaging the
user [6]. We expect that a persuasive application that aims to stimulate energy con-
servation is more effective when game features like missions, quizzes, narrative,
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competition and rewards are implemented. Additionally, besides game features, the
inclusion of reality by using reversed gamification principles in a persuasive applica-
tion can be an outstanding effective means to change people’s energy conservation
behaviour [8]. Gamification research has shown that the integration of serious games
into real life could have positive effects on attitude and behaviour [3, 4, 10, 11, 16, 20].
In a normal gamification process, game features are implemented in real world pro-
cesses to stimulate desirable behaviour. In this research project, a different and novel
approach is chosen. It takes the opposite approach by implementing real world pro-
cesses like household energy activities into the game design itself. The aim of this
approach is to optimize the transfer between the game world and the real world. When
the transfer is optimized, the game is expected to be more effective in change of
behaviour and attitude [13]. Implementing real world processes in a game design is still
an emerging principle in gamification research [8]. When people are highly engaged,
they are apt to adopt the attitude that is promoted in the application [17]. This can lead
to a higher awareness of relevant factors involved in, for instance, energy conservation.
In effect, attitude may positively change, and subsequently trigger a change in energy
saving behaviour on the long term. The assumed chain of events that higher awareness
(more accessible knowledge) leads to attitude change, which leads to behaviour
change, is what persuasive games try to accomplish [2, 5, 19].

The persuasive application Powersaver Game is developed in an iterative user-
centered design approach [8, 9] and is used as a tool in a larger research project that
examines the influence of playing in the real world on attitudes towards energy con-
servation, and on energy conservation behaviour in the long term. The focus is
specifically on energy consumption in households by means of electricity and gas
usage. The aim is to contribute to the stimulation of individual sustainable behaviour by
studying how gamification can be a positive incentive for people to change their
behaviour regarding energy use at home. It also aims to study whether transfer from
game play to real life behaviour has a long-term character. It is conducted over a longer
period of time, measures changes in knowledge, attitude, engagement and behaviour
also after delay, and includes an adequate control condition. Families have played
Powersaver Game or used in the control condition the Powersaver Energy Dashboard
version which contains no game features.

The research question is if there are changes in knowledge transfer, attitude towards
energy conservation, engagement and energy conservation between the game and
control condition. This is, basically, the effectiveness of a game focused on energy
conservation. We hypothesize that knowledge, attitude, engagement and energy con-
servation of participants playing the game will increase more than that of participants in
the dashboard control condition.

In the next section the research design is presented, with special attention to game
design. In the third section the outcomes of the empirical data are discussed. Finally,
we draw conclusions and discuss how we will continue our research with Powersaver
Game.
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2 Method

Media comparison research examines differences in learning the same content of a
game – or as similar as possible - with conventional media, answering the research
question: “Do people learn better with games or conventional media [15]?” Inspired by
this approach, our focus is comparing a persuasive game (Powersaver Game) and
control condition (Powersaver Energy Dashboard) within a computer-based medium.
This prevents us for problems of possible media differences. In Powersaver Game
several gamification features are incorporated and is a persuasive game that can be
expected to stimulate energy conservation. Powersaver Energy Dashboard is a
learning application that provides instruction and feedback on energy conservation. In
both conditions every 2 days families receive the same information about energy
conservation about a specific theme, e.g. washing clothes, and receive feedback.
Besides knowledge transfer, i.e. learning results, we also measure attitude, engagement
and behaviour, i.e. energy consumption.

2.1 Participants

In this study 21 households including 49 participants older than 12 years participated
on a voluntary basis in this experiment. 6 Households dropped out during the inter-
vention. The loss is 17 participants. From the remaining 32 participants who finished
the application only 15 from 7 households in the game condition filled in all
questionnaires.

2.2 Design

Powersaver Game is a web-based application and is played in households whereof the
whole family is involved. The navigation by the player of Powersaver Game is done by
point and click in the Internet browser. It is an Eco-feedback, Multiplayer, Roleplaying
and Point & Click Adventure game [1] and has been designed in an iterative process
[9]. A real time connection between the household energy meter and game server is
accomplished by dataloggers with an Internet connection. The data of energy con-
sumption is sent to a database of a server at Utrecht University.

Avatars of family members are the central characters of Powersaver Game. The
family composition in the game is customized to the household. The game starts with
an introduction of the story. A storyline in a game can be engaging because it can
stimulate our emotions [7, 18]. A family arrives at a dilapidated country house where a
professor had caused a failed experiment. The family enters the main hall of the house
that contains several doors (Fig. 1). Behind each door a room is situated where a game
character in the form of a confused electrical device is placed. A cat (former pet of the
professor) called Kyoto guides the family in the game. In every mission session the
family is asked to enter a preselected room. Before the door opens a quiz has to be
played. A quiz contains questions about energy conservation that will prepare player’s
knowledge for the missions that are occurring in that specific room. When the family
enters the room a character in the form of a device that is in a confused state is shown
(Fig. 2). The family has to accomplish missions, which contain energy conservation
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knowledge, to help the device to return to a normal state. All missions (e.g. washing
clothes on low temperatures) take place in the real world; this represents our inverse
gamification principle. The total period of playing the game is at least 5 weeks if
players end missions and start new ones in the given time. It takes approximately
2 days to complete a mission. The game has 13 missions, 8 quizzes and an end-
battle/scene. The end condition is reached when all devices and the professor are
brought out of their confused state. The player is getting feedback on energy use and
savings during playing, which is based on average energy consumption in the 21 days
before the intervention started. The results of the quizzes are shown and achievement of
a completed mission is displayed with a badge. A household is in competition, another
game feature, with 7 virtual households, but assumes to play against real households.
Competition is simulated to stimulate households to achieve high scores and it was
technically not feasible to implement a real and fair competition.

Control Condition
For our approach families used Powersaver Energy Dashboard in the control condition.
The energy dashboard has an identical design style as the menu page of the game. It
contains a screen where energy conservation recommendations and a timer are pre-
sented, and to give feedback two screens with energy consumption charts and energy

Fig. 1. Part of the main hall

Fig. 2. Scenes laundry; Bad State (on the left) and Normal State (on the right).
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conservation results are presented. The form, timing and content of the information the
control condition receives are highly similar as in the game condition, but excluded
game features such as missions, quizzes, narrative, competition and rewards [19].

2.3 Measurements

Participants completed an online pretest as well as an online posttest questionnaire to
assess their attitude towards sustainable energy consumption related topics and
knowledge level towards household energy conservation. For attitude measures both
questionnaires included 30 statements rated on a 7 point Likert-scale ranging from
strongly disagree to strongly agree. Different statements on the same topics are used in
pretest and posttest. 15 Statements are regarding micro-level attitude topics (about
sustainable energy consumption in a household) as well as 15 statements regarding
macro-level attitude topics (10 statements about sustainable energy and 5 statements
about sustainability). Macro-measures were composed partly based on previous
research on attitudes toward sustainability [19]. With this approach we measure specific
hierarchical attributes of the object of sustainable energy attitude [22]. Krosnick and
Petty [14] describe that strength-related attributes of attitudes are categorized in
affective, cognitive and behaviour intention components. In our questionnaire we only
used statements from affective and cognitive categories, because behaviour intention to
save energy in the household was already high by voluntary registration to participate
in this experiment. For knowledge measures 12 multiple-choice questions including 4
answer options per question are used. The questions are related to the content about
energy conservation from both applications. The same questions are used in the pretest
and posttest.

Engagement measures were composed based on previous research on engagement
in serious games [21]. To monitor engagement participants completed an online
questionnaire in the second week and the last week of the intervention. Both ques-
tionnaires included the same 7 statements rated on a 7 point Likert-scale ranging from
strongly disagree to strongly agree.

Behaviour, in the form of energy consumption, is monitored during 21 days before
the intervention to set a good baseline of average energy consumption. In both appli-
cations the user is getting feedback (on energy use and savings) during the intervention.
And after the intervention the energy consumption is monitored for 21 days to examine
the impact of the intervention.

2.4 Procedure

Participants have been recruited using different methods and communication channels
like social media, direct mail, digital newsletters and public lectures. Participants
registered at the beginning of 2017 using an online form. They could participate when
the technical situation of their energy supply (e.g. presence of smart energy meter) was
adequate. In spring 2017, 49 participants from 21 households filled in the online
pretest. To monitor real energy consumption in this period also hardware was installed
in the households. It took at least 21 days of monitoring to set a firm baseline. All
participants above 12 years replied to the pretest questionnaire about attitude and
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knowledge measurements and the first engagement questionnaire in the second week of
the intervention. Participants were randomly assigned to conditions, however we took
care that there was a global matching between conditions on the composition of the
household (adults and children), attitude towards energy conservation (higher or lower
than average compared to other participants) and energy consumption (higher or lower
than average of the same type of households in The Netherlands). Knowledge scores
are not used in this assignment process because all participants scored very low. All
household types are equally represented in each condition. 11 Households are assigned
to the game condition and 10 households are assigned to the control condition. The
intervention started in June and ended in July 2017. Some households ended later due
to delay in starting new sessions. From the 11 households that started in the game
condition 6 households finished on schedule (Mean 5,5 weeks) and 4 households
finished later (Mean 18 weeks). 1 Household did not finish the game. From the 10
households that started in the control condition 5 finished in mean 13 weeks and the
other 5 households stopped halfway after 4 weeks.

When a household finished all the sessions they were asked to fill in the online
posttest. Only 15 participants, a third of total, respond to the second questionnaire
about engagement before the last week of the intervention and the posttest question-
naire about attitude and knowledge measurement after the intervention. These 15
participants that responded to all questionnaires are from 7 households in only the
game condition.

The hardware was disconnected after at least 21 days from the end of the
intervention.

3 Results

The effects on energy conservation and knowledge, engagement, and attitude measures
are presented below. Energy conservation between the game and control condition is
based on 6 households from the game condition that have finished on schedule (mean
5,5 weeks) and 5 households from the control condition that have finished (mean 13
weeks). 4 Households that finished the game later (mean 18 weeks) did not provide
data on energy consumption within the time constraints for our study. Unfortunately
the post-measurements fell in the heating season.

Only knowledge, engagement, and attitude measures from the game condition are
discussed due to lack of sufficient observations in the control condition on the
questionnaires.

3.1 Energy Conservation Measures

The results in energy conservation between households in the game and control con-
dition are presented in Table 1. The average energy consumption per day from 21 days
after the intervention is compared to the consumption over 21 days before the inter-
vention. The difference in percentage change of total energy consumption (%D kWh
electricity + %Dm3 gas/2) is presented as well as the percentage change in consumption
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in kWh electricity and m3 gas. An independent-samples t-test on the gain scores is
performed to test if differences in percentages of change between the game and control
condition are significant.

There is a significant major difference of 33,6% in total change in energy con-
servation between both conditions: t (9) = −4,081, p < 0,005: while the game condi-
tion consumes 21,4% less energy than before the intervention, the control condition
consume 12,2% more energy. When we look specifically at conservation of kWh
electricity there is a significant difference of 14,5% between groups: t (9) = −1,915,
p < 0,05 (one-tailed test). The game condition consumes almost 13% less kWh elec-
tricity than before, while the control condition consumption is almost the same as
before the intervention. The largest significant difference between the groups is 52,7%
m3 gas consumption: t (9) = −3,211, p < 0,05. Notable is that in general the standard
deviation of the control condition is high.

3.2 Knowledge, Engagement and Attitude Measures

The results in knowledge, engagement and attitude measures of participants are pre-
sented in Table 2. These fifteen participants who filled out all questionnaires (thirty
percent of all participants), as explained above, are only from the game condition.
A paired-samples t-test is executed to conclude if differences between the pretest and
posttest are significant.

Table 1. Energy conservation: mean changes, standard deviations, t-statistic and significance
levels of difference.

Energy conservation Game Control Diff t p

M SD M SD M

Total 21,4% 7,7 −12,2% 18,5 33,6% −4,081 <0,005
kWh Electricity 12,9% 7,9 −1,7% 16,6 14,5% −1,915 <0,05*
M3 Gas 30% 12,1 −22,7% 38,3 52,7% −3,211 <0,05

* one-tailed test

Table 2. Knowledge, engagement & attitude in the game condition: means, standard deviations,
t-statistic and significance levels of difference.

Pretest Posttest Post - Pre t p

M SD M SD M SD

Knowledge* 4,27 1,62 5,8 1,93 1,53 1,81 −3,29 0,005
Engagement 5,35 0,94 5,29 0,75 −0,06 0,45 0,54 ns
Attitude
Total 5,38 0,85 5,34 0,74 −0,04 0,4 0,391 ns
Micro-level 5,35 0,88 5,43 0,75 0,09 0,51 −0,662 ns
Macro-level 5,41 0,92 5,25 0,81 −0,17 0,4 1,609 ns

* Maximum score = 12, ns - not significant at 0,05 level
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The average score on knowledge increased from 4,27 to 5,8 points. Although the
average score in the posttest is not high (the maximum score possible is 12 points),
knowledge about energy conservation increased significant: t (14) = −3,29, p < 0,05.

The engagement is high and constant during the intervention. There is no signifi-
cance difference in engagement at the beginning and end of the intervention:
t (13) = 0,54, p > 0,05.

All attitude scores are already high from the beginning and the intervention did not
lead to a significant attitude change: Attitude total: t (14) = 0,391, p > 0,05; Attitude at
micro-level: t (14) = −0,662, p > 0,05; Attitude at macro-level: t (14) = 1,609, p > 0.05.

4 Conclusion and Discussion

Based on the results of this study we conclude that there are differences in learning the
same content of a persuasive energy conservation game, developed by using an iter-
ative user-centered game design methodology, compared to a dashboard control con-
dition. Furthermore, and most importantly, we conclude that energy consumption
changed significantly on the long term. A persuasive game that includes reality by
using reversed gamification principles is, thus, effective in learning people to save
energy in the household and to actually do that for the long term, while an energy
dashboard does not change that behaviour at all. Similar studies [e.g. 3; 4; 10; 11; 16;
20] also presented positive results but had some shortcomings; the lack of a control
condition, the intervention time was short, no real consumption measurements are used,
implementation of gamification could be better, limited number of variables is mea-
sured and/or the lack of pre-measurements & post-measurements [9], which altogether
could explain that the positive effect on energy conservation in our study is higher than
in previous studies.

From the beginning of the intervention, participants in the dashboard control
condition had delay in starting missions (mean 13 weeks to finish while 5 weeks is
possible), did not carry out missions (no energy conservation) or quit (50% in 4 weeks).
Unfortunately, these participants in the control condition were not motivated to respond
to questionnaires, so the resulting number of questionnaires is too small for mean-
ingfully analyzing the data. It is possible that some participants are disappointed in that
they are not assigned to the game condition and therefore less motivated. But there are
also participants from the control condition who stated after the intervention that they
did not prefer to be assigned to the game condition. In the game condition energy
consumption (behaviour) changed and knowledge about saving energy at home
increased. Also in this condition, despite of the long intervention time, engagement
remained high during the whole intervention. These results align with the earlier
mentioned chain of events that higher awareness (more accessible knowledge) for a
longer period leads to increased knowledge, which leads to behaviour change on the
long term. The attitude scores on micro-level and macro-level are extremely high, both
nearly the same and the intervention did not change it. Because of this a ceiling effect
regarding attitude could be the case, resulting in no-gain in attitude but still a positive
change in energy conservation behaviour.
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Krosnick and Petty [14] mention that the more extreme an attitude is, the more an
individual likes the object of the attitude, and should be more likely to guide behaviour.
It is surprising that during the intervention a substantial number of participants in the
control condition, thus with an extreme attitude score, dropped out. It is possible that
behaviour intention within the attitude diminished [14]. In future research question-
naires have to be modified to study this phenomenon. These results can have con-
siderable implications for policymakers and companies in the field of smart energy
meters. Now in practice only dashboard designs are used to give feedback on energy
consumption (e.g. Nest) and our data seem to indicate that these designs are probably
not effective on the long term [12].

Constraints in this study are that only from participants in the game condition all
dependent variables (knowledge, attitude, engagement and behaviour) could be ana-
lyzed and that there is not sufficient data to look closely at the control condition.
Independent of the preceding, the results also showed in the control condition no
positive change was attained in the long run. Another constraint is the limited number
of households participating in this study. This limitation also occurs in related studies
[3, 4, 10, 16, 20]. Although the number of households was limited, still significant
differences are found. There is a possibility to scale up the number of participants if the
smart energy meter can be monitored without additional hardware and a large(r)
campaign to recruit households is launched.

To bring the research field on energy reduction games a step further, the research
question would be useful “Which persuasive features of a persuasive game exactly
promote lasting changes in knowledge, attitude and behaviour regarding sustainable
energy use of households?”. For that purpose we will in a next phase of research apply
a “value added” approach [15]. Here we examine the effects of the persuasive features
personal relevance (by means of customized avatars) and social interaction (by means
of competition) – separately and combined - on participants’ knowledge, attitude and
behaviour with respect to sustainable energy consumption with Powersaver Game.

References

1. Adams, E.: Fundamentals of Game Design, 3rd edn. Pearson, Peachpit, California (2014)
2. Aronson, E., Wilson, T.D., Akert, R.M.: Social Psychology. Pearson, Upper Saddle River

(2013)
3. Bang, M., Gustafsson, A., Katzeff, C.: Promoting new patterns in household energy

consumption with pervasive learning games. In: de Kort, Y., et al. (eds.) Persuasive
Technology. LNCS, vol. 4744, pp. 55–63. Springer, Heidelberg (2007). https://doi.org/10.
1007/978-3-540-77006-0_7

4. Bang, M., Svahn, M., Gustafsson, A.: Persuasive design of a mobile energy conservation
game with direct feedback and social cues. In: Proceedings of the 2009 DiGRA International
Conference: Breaking New Ground: Innovation in Games, Play, Practice and Theory (2009)

5. Chen, S., Chaiken, S.: The heuristic-systematic model in its’ broader context. In: Chaiken, S.,
Trope, Y. (eds.) Dual Process Theories in Social Psychology. Guilford Press, New York
(1999)

6. Deterding, S., Khaled, R., Nacke, L., Dixon, D.: Gamification: toward a definition. In: CHI
2011 Gamification Workshop Proceedings. ACM Press, Vancouver (2011)

Enhancing Energy Conservation by a Household Energy Game 265

http://dx.doi.org/10.1007/978-3-540-77006-0_7
http://dx.doi.org/10.1007/978-3-540-77006-0_7


7. Dickey, M.D.: Murder on Grimm Isle: the impact of game narrative design in an educational
game-based learning environment. Br. J. Educ. Technol. 42(3), 456–469 (2011)

8. Fijnheer, J.D.L., van Oostendorp, H.: Steps to design a household energy game. Int.
J. Serious Games 3(3), 16 (2016)

9. Fijnheer, J.D.L., van Oostendorp, H., Veltkamp, R.C.: Gamification in a prototype
household energy game. In Connolly, T., Boyle, L. (eds.), Proceedings of the 10th European
Conference on Game Based Learning - ECGBL 2016, pp. 192–201. ACPI, Paisley (2016)

10. Gamberini, L., et al.: Tailoring feedback to users’ actions in a persuasive game for household
electricity conservation. In: Bang, M., Ragnemalm, E.L. (eds.) Persuasive Technology,
Design for Health and Safety. LNCS, vol. 7284, pp. 100–111. Springer, Heidelberg (2012).
https://doi.org/10.1007/978-3-642-31037-9_9

11. Gustafsson, A., Katzeff, C., Bang, M.: Evaluation of a pervasive game for domestic energy
engagement among teenagers. ACM Comp. Entertain. 7(4), 1–19 (2009)

12. Hargreaves, T., Nye, M., Burgess, J.: Making energy visible: a qualitative field study of how
householders interact with feedback from smart energy monitors. Energy Policy 38(10),
6111–6119 (2010)

13. Kors, M., van der Spek, E., Schouten, B.: A foundation for the persuasive gameplay
experience. In: Proceedings of the International Conference on the Foundations of Digital
Games, CA, USA (2015)

14. Krosnick, J.A., Petty, R.E.: Attitude strength: an overview. In: Petty, R.E., Krosnick, J.A.
(eds.) Attitude Strength: Antecedents and Consequences, pp. 1–24. Erlbaum, Mahwah
(1995)

15. Mayer, R.E.: Multimedia learning and games. In: Tobias, S., Fletcher, J.D. (eds.) Computer
Games and Instruction, pp. 281–305. Information Age Publishing, Charlotte (2011)

16. Reeves, B., Cummings, J.J., Scarborough, J.K., Yeykelis, L.: Increasing energy efficiency
with entertainment media: an experimental and field test of the influence of a social game on
performance of energy behaviors. Envir. Behav. 20(10), 1–14 (2013)

17. Ruggiero, D.: The Effect of a Persuasive Game on Attitude towards the Homeless.
Unpublished thesis, Purdue University (2013)

18. Schneider, E.F., Lang, M., Shin, M., Bradley, S.D.: Death with a story how story impacts
emotional, motivational, and physiological responses to first- person shooter video games.
Hum. Commun. Res. 30(3), 361–375 (2004)

19. Soekarjo, M., van Oostendorp, H.: Measuring effectiveness of persuasive games using an
informative control condition. Int. J. Serious Games 2(2), 37–56 (2015)

20. Svahn, M.: Persuasive Pervasive Games: the Case of Impacting Energy Consumption.
Dissertation, Stockholm School of Economics, Stockholm, Sweden (2014)

21. Van der Spek, E.D.: Experiments in serious game design: A cognitive approach.
Dissertation, Utrecht University, Utrecht, The Netherlands (2011)

22. Watt, S.E., Maio, G.R., Haddock, G., Johnson, B.T.: Attitude functions in persuasion:
matching, involvement, self-affirmation, and hierarchy. In: Crano, W.D., Prislin, R. (eds.)
Attitudes and Attitude Change, pp. 189–211. Psychology Press, New York (2008)

266 J. D. L. Fijnheer et al.

http://dx.doi.org/10.1007/978-3-642-31037-9_9


Analyzing and Predicting Player Performance
in a Quantum Cryptography Serious Game

Dilanga Abeyrathna, Srikanth Vadla, Vidya Bommanapally,
Mahadevan Subramaniam, Parvathi Chundi(&), and Abhishek Parakh

Computer Science Department, University of Nebraska, Omaha 68182, USA
pchundi@unomaha.edu

Abstract. An adaptive 3D serious game, QuaSim for imparting to learners the
fundamental concepts of quantum cryptography and their applications in
designing computer security protocols is described. QuaSim emulates an often
used instructional model of practice exercises followed by timed-tests (practice-
timed-test) in a serious game setting by automatically designing timed-tests
guided by models learned from data about the performance of players in practice
exercises. QuaSim also automatically selects next practice exercises based on
player performance in previous exercises. The game was played by 150 students
and the results are highly encouraging. They show that the model learned by the
game is able to select next practice exercises to improve player performance in
the timed tests and is able to generate meaningful timed-tests.

1 Introduction

Serious games have been widely used to complement and assist traditional classroom
instruction in various aspects of computer security [1, 2, 4–6, 11]. The immersive and
engaging experience provided by serious games have made them highly pervasive in
learning complex security concepts. The recent rapid advances in quantum computing
and cryptography along with their inherent multidisciplinary nature involving concepts
from quantum physics, mathematics, and computer science, pose formidable challenges
for students to become proficient in this field. Inspired by the success of serious games
in enhancing learning, we present an adaptive 3D game, QuaSim, that can supplement
traditional instruction in imparting to learners the fundamentals of quantum cryptog-
raphy and their applications in designing various computer security protocols.

A novel feature of the QuaSim game is its automated emulation of the often-used
practice exercises followed by timed-tests (practice-timed-tests) instruction model
within a serious game. A QuaSim game session consists of a set of lessons, which are
comprised of a set of exercises. Each lesson is tagged with a set of concepts that the
players are expected to learn using a finite set of resources provided for this purpose.
The exercises in each lesson are interactive game scenarios (problems), classified into
practice and timed-test scenarios. Players may engage in practice scenarios until they
succeed, or their resources are exhausted. The timed-test scenarios are dynamically
generated upon successful completion of practice scenarios and are parameterized by
time and concepts. Appropriate values for time and concepts are automatically learned
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by the game based on a classifier that is trained on player interaction data from the
practice scenarios. The practice-timed-test model allows QuaSim to simulate a tradi-
tional instruction model that is customized for each student in a serious game setting
that provides an immersive and engaging experience.

The QuaSim takes this emulation a step further, by choosing practice exercises
dynamically based on observed player performance. To perform such a selection, each
problem in each exercise is tagged with the associated concepts, and the next exercise
chosen by the selection algorithm for a player ensures target concept coverage while
maintaining a high degree of exploration of concepts. For instance, if the player has
succeeded in concept a, and has had an unsuccessful attempt involving concept b, the
game favors an exercise involving concepts b and a new concept c over an exercise
involving a prior seen concept a and the concept b. The chosen next practice exercises
manifest in the form of player hints that are either manual (mhint-displayed on players
request), semi-automatic (sahint-displayed but are activated by player), or automatic
(ahint-perform automatic selection). These hints are referred to as adaptive gaming
hints which help players to navigate to the next problem they are eligible and are
generated by an algorithm (For More details, please refer to [3]). The next problem
generated by algorithm is based on the problems the player solved and the learning
concepts covered up to that point. In the sahint and mhint modes, players have an
option to accept or reject these hints. If a player accepts the hint, they are directed to the
chosen problem. Otherwise, they continue to solve problems sequentially.

QuaSim game was played by 150 students (26 females and 124 males, 143 grad-
uates, 7 undergraduate seniors). Our major objectives were to study the effectiveness of
emulation of practice-timed-test instruction model in QuaSim and that of automatic
selection of hints based on proficiency and exploration value of knowledge concepts.
Three research questions we studied were – RQ1: what correlation, if any, does the pre-
game knowledge acquired through lectures and prior gaming have on success in a
timed-test scenario? RQ2: do the hints about next practice exercise affect the player
success in a timed-test scenario? and RQ3: is it feasible to learn a model that can predict
the player success in a timed-test scenario based on their performance in the practice
scenarios?

Our results show that while there was no significant correlation between the pre-
game data and the performance on the timed-test scenarios, players with the automatic
hints selecting the next exercise performed better than their counterparts in the timed-
tests. Our results also show that we can train a multi-label classifier to accurately
predict player proficiency in concepts based on their performance in practice scenarios,
which can then be used to design meaningful timed-tests. Our preliminary results are
highly encouraging and lead us to believe that incorporating a practice-timed-tests
model in a push-button manner in a serious game about quantum cryptography can
complement traditional instruction and result in positive learning gains.
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2 Related Work

Several game-based systems have been designed in the computer security domain
including those that teach concepts in quantum cryptography [2, 12]. Cone et al. [5, 6]
present a highly interactive video game CyberCIEGE, a security awareness tool which
enables users of an organization to accomplish security training objectives. Boopathi
et al. [4] introduce a gaming method (interactive video quiz) to test students’ knowl-
edge in several computer security concepts with a final goal to provide computer
security training. Labuschagne et al. [11] show an interactive web-based game that
notifies and examines users about security threats and vulnerabilities, eventually
making cyber security awareness. A shape changing cube and a bouncing ball game are
used by Benjamin et al. to visually teach superposition, and qubit orientation in [2, 12].

Recently, there has been a lot of interest in integrating traditional instructional
methods along with gaming to design serious games with high learning value. The
mapping of learning mechanics to game mechanics (LM-GM mapping) is described by
Arnab et al. [1] where they propose high level model to incorporate educational game
elements in a serious game. In this context, Dicheva et al. [7] study gamification design
principles, game mechanics, context of applying gamification based on educational
level, academic subject and type of application etc. Smith et al. [13] discuss about their
game for STEM education, game development strategy, and how it helped to improve
the learning and engagement of student.

Our work in this paper is similar in spirit to the above works in terms of integrating
traditional instructional elements into serious games. In this context, we have described
how the practice-timed-test paradigm can be incorporated into serious games to teach
quantum cryptography concepts. A novel feature of the proposed work is that it
integrates traditional instruction with gaming in a customized manner driven by
learning from player data. Further, our data driven next exercise selection based on
tagged knowledge concepts, while preserving engagement tightly integrates the ben-
efits of serious games and learning. Also, there are several studies conducted for the
analysis and improvement of serious games using the machine learning techniques [8].
However, unlike these, the proposed approach performs predictive analysis using
multi-label classification.

3 QuaSim: Quantum Cryptography Game

QuaSim is an interactive, multi-player, 3D game built using the Unreal Engine platform
incorporating instructional components including videos, audio dialogues, auto-graded
quizzes, and tests. Objective of this game is to teach the fundamental concepts of
quantum cryptography and its applications in computer security protocols. The game
scenarios occur at different high-rise buildings and open spaces in an urban setting. The
scenarios are scored and can be continued to achieve success while resources are
available. The game consists of two single player lessons targeting quantum cryp-
tography basics, one single player lesson targeting quantum communication and two
multi-player lessons involving the quantum key exchange protocols. Each lesson
consists of several exercises that introduce new concepts and mathematical notations.
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Each exercise consists of multiple problems that reinforce the associated concepts by
varying the values. The Figs. 1(a) and (b) show an instance of the two lessons, Lesson
1 or polarization and Lesson 2 or superposition respectively. Refer [3] for more
description about the game.

4 Experiments

We analyzed the data collected from play sessions to evaluate the proficiency achieved
by players to program a qubit at different orientations using the matrix, ket, and linear
combination notations. Those players that achieved proficiency in these concepts in the
first three exercises were then given a timed-test problem from the fourth exercise in the
same session. The data analyses focused the following three main research questions –
RQ1: What influence, if any, do the prior knowledge and gaming experience of
players, have on the successful completion of a timed-test problem in Exercise 4? RQ2:
Do the gaming elements related to hints influence player’s success in such a timed-test?
RQ3: Can we predict the player performance in a problem in Exercise 4 with respect to
the concepts involved in the problem?

Addressing these questions enables us to assess (i) utility of QuaSim in instructing
players about programming qubits, (ii) the feasibility of emulating practice-timed-test
instruction model in QuaSim and (iii) study the impact of automatic selection of next
exercise by the game on player proficiency achievement.

4.1 Experimental Setup

The QuaSim game was played by 150 players (26 females and 124 males, 143 graduate
students, 7 seniors) in a media lab. Of these, 23, played the game no hints, 43 played
the ahint version, 42 played the sahint version, and 42 played the mhint version. Play
sessions were about an hour long and were conducted on an Windows 10 Intel i7 @
3.40 GHz processor machine, with 16 GB RAM, NVIDIA GeForce GT 730 graphic
card. Each player completed a background demographics survey, and watched a short
video introducing QuaSim features before start.

Fig. 1. (a): Lesson 1 screen shot shows a player firing a photon (qubit) at 255° to activate the
detector. (b): Lesson 2 screen shot shows player firing a qubit such that the vertical component is
greater than or equal to 0.9.
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Dataset. QuaSim assigns each player a unique PlayerID and logs every action of the
players in the QuaSim database (SQLite3). Players also completed a qualitative survey
after completing the game. QuaSim logs player interactions in a game session as time-
stamped events. In QuaSim, SessionID is a unique identifier which identifies all events
from a login to logout of a player. Each event has an EventID and EventData. For
example, if EventID is 1 (to display the problem and problem type information), then
the corresponding EventData will be ‘Angle:90 Problem Type: Orthogonal’. Event-
Time has the time at which an event is triggered and it is stored in format [yyyy-mm-dd
hh:mm:ss:SSS]. A player session in QuaSim may generate over 100 distinct events
most of which are analyzed in our experiments.

4.2 RQ1: Pre-game Data and Player Performance

To address RQ1, we studied the any possible correlation between the player pre-game
data collected by QuaSim and their success in solving a problem from Exercise 4. The
pre-game data collected from players consists of 15 attributes and includes the pre-
requisite courses completed, knowledge and interest levels in classical, quantum
cryptography, and mathematics, and prior experience with computer games. The
completion status of prerequisite courses (9 courses in total) such as Mathematical
Foundations of Computer Science, Data Structures, Theory of Computation, Intro-
duction to Algorithms and Cryptography, is collected using check boxes provided
(recorded as 1 or 0). To collect data about a player’s interests and background
knowledge, slide bars (0–100) are provided to collect the level of interest/knowledge in
classical cryptography, quantum cryptography, mathematics and previous game
experience. Using these 15 attributes, we compute a numerical score called the pre-
game strength, representing the strength of the pregame knowledge of a student. We
add the slide bar values and n � 100 where n is the number of prerequisite courses (to
homogenize with other pregame data), to obtain pre-game strength of a player. High
value of pre-game strength denotes student with good background knowledge. We also
have computed the success of a player in a problem from Exercise 4 based on the time
taken to correctly solve it problem-completion time (Tc). Tc is the time duration
between the EventTime when the player reaches the problem-solving region to
EventTime when the quantum receptor gets activated. Then, we obtain a normalized Tc
value for each player as follows. Let maxtime be the maximum time taken by any
player to solve a problem in Exercise 4 and mintime be the minimum time taken by any
player to solve a problem in Exercise 41. Then, normalized problem-completion time
NTc = ((maxtime − Tc)/(maxtime − mintime)) * 100.

In the first experiment, we determined the effect of pre-game strength measure on
NTc as follows. Pearson correlation method [10] was used on pre-game strength and
the NTc for 3 different groups group1, group2 and group3 which are divided based on
the standard quartiles Q1, Q2 and Q3 of NTc respectively. We used Pearson corre-
lation method since it is a standard method to measure the linear correlation strength
between two variables. Also, we have conducted hypothesis test where the p value

1 In our experiments, mintime was around 70 s, and maxtime was around 6 min.
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(0 < p < 1) weighs the strength of the evidence of the correlation results. A small
p value (i.e., <=0.05) indicates strong evidence against the null hypothesis and large
p value indicates weak against the null hypothesis. From this experiment, we observed
very small values of r and very large values of p for all the 3 groups (r = 0.118,
p = 0.236 for group1, r = 0.007, p = 0.483 for group2, r = 0.227, p = 0.121 for
group3) which denotes that there is no strong correlation between the pre-game
strength and the success (NTc) of the player and even the hypothesis test revealed no
strong evidence about the results.

Similarly, we have done another experiment to see if there was any correlation
between each pregame attribute related to a players interest/knowledge in classical/
quantum cryptography, mathematics, and computer games, and prior gaming experi-
ence and NTc (see Fig. 2). However, this experiment (see Fig. 2) also reported very
small values of r and large values of p for almost all the pregame attributes among all
the groups. From the Fig. 2, we can observe that only the attributes knowledge in
classical crypto and interest in classical crypto for the group2 players has some positive
correlation with the NTc with strong evidence to reject the null hypothesis, and
remaining attributes has no strong correlation results.

From these results, it is clear that there is no significant linear correlation between
player’s pre-game knowledge and their success in solving problems from Exercise 4.
This experiment establishes that QuaSim game can be effective to teach quantum
cryptography concepts to players with limited background in classical or quantum
cryptography and previous gaming experience.

4.3 RQ2: Next Exercise Hints and Player Performance

For RQ2 we analyzed the time taken by each player to complete a timed-test problem
from Exercise 4 (Tc)

2 and his/her performance in Exercises 1, 2, and 3. For this
analysis, we considered the average time taken by a player to complete Exercises 1, 2
and 3 and time taken for Exercise 4 for each player. Let Tl be the total time taken by a
player to complete problems form Exercises 1 through 3. We can think of this time
interval as the time taken by the player to learn the concepts. Let P be the number of

Fig. 2. Pre-game data and NTc correlation results

2 Recall from previous section that players completed this test in around 70–420 s range.

272 D. Abeyrathna et al.



problems the player completed from Exercise 1 to 3, then the average learning time say
ATl of a player to complete Exercises 1 to 3 is simply Tl/P.

We then categorized the players into 4 regions based on thresholds pertaining to
ATl and Tc as suggested by the experts (the faculty members in the project). The
threshold ATHl for ATl was set to 80 s and for Tc, the threshold THc was set to 100 s.
The four regions being R1: ATl > ATHl, Tc > THc with 18% of players, R2: ATl <
ATHl, Tc > THc with 8% of the players, R3: ATl < ATHl, Tc < THc with 48% of the
players, and R4: ATl > ATHl, Tc < THc, with 26% of the players. Those players in R3

took less time to complete all exercises in the game and therefore, can be thought of as
successful learners. Figure 3 shows this distribution of players in the four regions with
X-Axis depicting ATl and Y-Axis depicting Tc.

We then studied the types of hints – ahint mode, sahint mode, and mhint mode used
by players. Of the Players in region R3, 45% played QuaSim in ahint mode, and 37% in
sahint mode. The rest of the players played QuaSim in mhint mode (See Fig. 3). To
support the results a chi-square test of independence, with the null hypothesis, players’
performance is independent of hints was performed to examine the influence of hints
on players’ success/failure. The null hypothesis is rejected as v2(2, N = 160) = 17.081,
p < 0.001. From this it is evident that hints had an influence on the players’ perfor-
mance, as the hints reduce the distractions that may be caused due to other gaming
elements and keep the player engaged in a directed way towards achieving the targeted
proficiency based on their performance. Whereas without hints players could choose
random exercises irrespective of their result in the current exercise, they could lose
engagement. Refer [3] for more details on how hints influenced the rate of proficiency
achieved by the players. We also observed that players in mhint mode tend to use fewer
hints (only 20% of the hints suggested) during the game when compared to players in
sahint mode who followed around 75% of the hints. We also analyzed the pre-game
data provided by the players in each region and observed that players that indicated less
background knowledge in math and cryptography fall in region R3 or R4. This indicates
that the game QuaSim was pretty helpful for players to learn the concepts despite their
background.

Fig. 3. Practice vs Test time vs Hints
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4.4 Multi-label Classifier to Predict Concept Proficiency in Tests

In this experiment, we created a multi-label dataset having 150 records, 1 record per
player consisting 23 features and 5 labels. Gaming activities measured during the
learning process and pre-game strength is considered as the feature set. Concepts
covered in Exercise 4 Matrix, ket, linear combination, Same, Orthogonal, and opposite
quadrant angle are considered as label set of the data set. A concept label for a record
is 1 if the player successfully completed that concept in Exercise 4. If a player quit
Exercise 4 or could not complete the task within given time threshold, the concept label
for the record is assigned 0.

There are 16 features related to the gaming activities namely, hint mode used ahint,
sahint, mhint, number of attempts and time taken for each problem during Exercise 1 to
Exercise 3, health remaining after completion of the game 0%–100% and counts of
accepted hints. Rest of the features are pre-game attributes with number of prerequisite
courses completed by the player which is in a range of [0–9], and knowledge in
classical cryptography, knowledge in quantum cryptography, interest in classical
cryptography, interest in quantum cryptography, interest in mathematics and previous
experience in computer games which are measured in the range of [0–100]. Then, the
data set split into training and testing sets for cross validation purposes. This holdout
cross validation is done with stratified sampling-based technique to guarantee that each
class is properly represented in training and testing sets. Sampling is done so that
training set covers 70% of the dataset and the rest 30% used for testing the model
computed from the training set. Finally, we used both binary relevance (BR) [9] and
label powerset (LP) [14] methods to learn a multi-label model for the input data set. We
used BR as it provides independent prediction of performances and LP as it provides
classification performances by considering label dependencies. The goal of using multi-
label classification is to use the demographic and game interactions of a player to
predict if he/she can successfully demonstrate the knowledge of a fundamental concept
during the solving of Exercise 4. The evaluation of models learned by multi-label
learning methods requires different measures than those used in case of single label
data. A unified presentation and categorization of existing evaluation measures for
multi-label classification is given in [15]. The evaluation in this experiment is based on
the popular and indicative accuracy and micro-F1 measures. The main reason of using
both evaluation measures is higher accuracy alone does not always determine the
predictive power (Accuracy Paradox) of a classifier. We ran the experiment for dif-
ferent thresholds on Tc, (the time taken to successfully complete a problem in Exercise
4) to see if accuracy of the multi-label model changes with increasing threshold value.
As the threshold value on Tc increases, the label set of input set can contain more 1’s.
Both BR and LP algorithms were trained using base-level learning algorithm, Support
Vector Machine, for the training set and the predictive performance of the models was
collected using the test data set. All the These steps were iterated for 10 times for each
time threshold and the accuracy and micro-F1 measure values are collected for each
run. Figure 4 shows classification accuracy and micro-F1 measures of two classifica-
tion algorithms. The X-axis in the figure shows the different threshold values on Tc and
the Y-axis plots the predictive accuracy in the chart on the left side (a) and plots micro-
F1 measure in the chart on the right side (b). According to the Fig. 4(a) it is clear that
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predictive accuracy of the classifier ranges from 45% to more than 65%. It reaches the
maximum predictive accuracy of 65% for Tc = 150 and stabilizes somewhat for higher
threshold values, for both BR and LP methods. When we consider the micro-F1
measures (see Fig. 4(b)), it is observed that the results are almost remained constant
between 0.7 and 0.8 for all the time thresholds. Hence, we can say that when the time
constraint assigned is feasible (that is, it provides sufficient time for a normal player to
complete Exercise 4), classification model can predict the outcome of Exercise 4 for a
majority of players. Based on this we can infer that the player performance in the
practice exercise scenarios can be used by QuaSim to automatically design timed test
problems involving relevant concepts.

5 Conclusions

An adaptive, 3D serious game QuaSim for learning quantum cryptography and their
applications in designing various security protocols is described. The multi-player
game built using Unreal platform incorporated traditional instructional components into
a serious game in a data driven manner. The data obtained from player interactions in
the practice game scenarios were used to learn a model based on a multi-label classifier
to identify player proficiency in associated knowledge concepts and were used to
generate meaningful timed-tests to assess the players. The game also used a next
practice exercise selection algorithm to automatically select practice problems based on
player past performance in order to steer them towards the required target concept
proficiency while preserving their engagement. Experiments involving 150 under-
graduate seniors and graduate students were performed to study the effectiveness of the
proposed approach.

Fig. 4. (a) Classification accuracy for given time constraints, (b) micro-F1 measures for given
time constraints.
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Abstract. This paper presents the RAGE marketplace portal
(gamecomponents.eu), which is intended as a hot spot and neutral single point
of access for serious game technologies. The portal aims at fostering collabo-
rations and the exchange of technical artefacts and associated knowledge and
resources between different stakeholders in the field of serious gaming (e.g.
educators, developers, researchers, publishers, policy makers and end-users).
After a brief introduction to the H2020 RAGE project, the flexible design of the
marketplace portal and its underlying software repository are presented.
A concise overview is given of the initial set of advanced game technology
components created by RAGE, that are currently exposed in the portal. For
empirical validation of these components, we have developed 7 serious games
based on subsets of these components, which were then tested in educational
practice with several hundreds of end-users. This game components portal want
to be a neutral hub not dependent on any technology or provider and therefore it
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is open for new game technologies submissions. We envision this marketplace
as a knowledge and game technologies hub to support and amplify serious game
development.

Keywords: Serious games � Software components � Learning technology
Marketplace � Education � Learning

1 Introduction

1.1 Serious Gaming as a European Priority

For serious game development to become an actual industry in Europe, a better transfer
of knowledge and technologies from research to application (and especially to SMEs)
is required. Among the priorities of the European Commission investments are the
creation of new jobs and growth (a.k.a. the Juncker plan) and the transition to a more
efficient digital single market. Accordingly, the European Commission has spent
hundreds of millions Euros in the last decade to ICT-oriented research and innovation
in the context of learning, from schools to higher education, workplace learning and
life-long learning. This includes the priority of serious gaming, viz. the use of game
approaches for non-entertainment purposes. However, the transfer of knowledge and
technologies from research to societal sectors to create economic and social value is
problematic. The process of knowledge valorisation often fails, thus demonstrating the
“knowledge paradox” [1], which refers to the fact that increased public investments in
science and technology do not translate into economic benefits and job creation, while
leaving many scientific findings unused. This is even more painful in the case of
serious game technologies, because of their dual role in both innovating the domain of
education and contributing to raising skills levels in other domains. Upon the transition
from FP7 to the Horizon 2020 programme (H2020), innovation was identified – in
addition to research – as a separate priority, and the principal funding criterion of
“excellent science” has been complemented with the criteria of “societal challenges”
and “industrial leadership”, highlighting the importance of impact beyond the scientific
communities. This means that H2020-funded research projects should not only deliver
relevant scientific output, but should also aim at the practical application of research
outcomes by targeted end-users and even devise sustainable exploitation models for
this.

1.2 Supporting an Emerging Industry

Notwithstanding the potential of serious games in education, training, health and other
domains, the serious game industry displays many features of an emerging, immature
business, e.g. weak interconnectedness, limited knowledge exchange, limited division
of labour and insufficient evidence of the products’ efficacies [2]. The industry is
scattered over a large number of small independent players (SME’s). Because of
limited collaborations and limited interconnections between industry and research,
these small companies display insufficient innovation power to open up new markets
(e.g. schools, business, governments). Consequently, the reinforcement of a “gaming
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innovation ecosystem” is indicated, connecting and integrating research networks,
networks of innovators and commercial parties across the entire value chain to reduce
the entry cost and generate value [3].

1.3 The RAGE Project Supporting Serious Gaming

The H2020 RAGE project (www.rageproject.eu), combines advanced serious game
technology research with a technology transfer mechanism. The technology research
part focuses on creating advanced, reusable software components for serious games.
These components cover a wide range of functionalities relevant for both the gaming
domain and the technology-enhanced learning domain, including personalisation,
adaptation, assessment, learning analytics, affective computing, among other topics [4].
The reuse of these dedicated components in new training applications would lead to
higher quality solutions, reduced costs and reduced time-to-market. For the technology
transfer part, RAGE establishes a marketplace portal to accommodate collaboration and
exchange of knowledge and technologies among different stakeholders (e.g. educators,
developers, researchers, publishers, policymakers and end-users). The marketplace
portal would link supply and demand of knowledge and technologies and may ideally
develop into a hot spot for (serious) gaming support, once a critical volume of users
would be reached. The portal is readily positioned as an instrument to promote the
formation of an “innovation ecosystem”.

This paper presents the RAGE project as a driver of technology transfer in the
serious gaming domain. First, its objectives and outcomes are presented. Thereafter, a
brief overview is given of the software components and the games that were used for
their validation, and a description of the marketplace portal. The paper is concluded
with a discussion of critical factors.

2 The RAGE Project as a Driver of Innovation

2.1 Toward an Innovation Ecosystem

RAGE has launched a community portal that provides centralised access to a wide
range of game technologies and knowledge resources. The project has created an initial
collection of game software components (up to 40) and a multiple of associated
knowledge and training resources, which are accessible at the portal. This collection of
resources is complemented with community tools for annotation, rating, and social
media integration, among other things. The portal addresses serious gaming stake-
holders, which eventually will help to establish the desired innovation ecosystem. The
software components and the marketplace portal are further detailed and explained in
the next sections.

2.2 RAGE Reusable Software Components

To accommodate the easy integration and reuse of software in a wide diversity of
development platforms, target platforms and programming languages, RAGE has
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prepared a component-based architecture [5] that assures compliancy with these dif-
ferent environments. This supports the wider uptake and applicability of the software.
Even so, the marketplace portal should be “neutral” and would welcome any software
that is relevant for technology-enhanced learning or serious gaming, whether or not it is
compliant with this architecture.

The RAGE Component-Based Software Architecture
The RAGE architecture [6, 7] distinguishes between server-side components and
client-side components. Remote communications of server-side components with
centralised applications are based on a service-oriented architecture (SOA) using the
HTTP-protocol (e.g. REST), which offers platform-independence and interoperability
among heterogeneous technologies. In contrast, client-side RAGE components, which
need to be integrated into client-machine applications (e.g. game engines), are likely to
suffer from incompatibilities. Regarding the client-side, the RAGE component archi-
tecture omits dependencies of external software frameworks to avoid interference with
the application code. Instead, it relies on a limited set of well-established software
patterns (Bridge, Singleton, Publish/Subscribe) and coding practices aimed at decou-
pling abstraction from its implementation. This decoupling facilitates reusability of a
component across different game engines and other client environments with minimal
integration effort. The architecture was validated for multiple programming languages
(C#, C++, Java, JavaScript) and proof cases have been established with real games
developed with different technologies (e.g. C++, Unity3D, Cocos2D) [6, 7].

The Initial Set of Software Components
As explained above, RAGE has developed up to 40 initial software components, all of
which offer pedagogically-oriented functionality to be integrated in digital learning
solutions, such as serious games. Table 1 lists the various aggregate component
packages that are currently exposed on the portal (http://gamecomponents.eu). All
these components use the Apache 2.0 license (white label software), which allows for
reuse by third parties both for commercial and non-commercial purposes, either under

Table 1. Initial set of RAGE software component packages

Package # components

Game Analytics Suite 8
Player Competence Adaptation Pack 3
Player Motivation Adaptation Pack 2
Other Adaptation components 5
Real-Time Emotion and Arousal Detection 4
Easy Dialogue Integrator 2
Shared Data Storage 2
Performance Statistics 1
Social Gamification Framework 1
Social Agency 5
Natural Language Processing 6
Storytelling Framework (Role Play Character) 2
Evaluation 1
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open source or closed source conditions. To promote the adoption and reuse of the
software products exposed all products have been enriched with user guides, instruc-
tional materials, demonstrators and proof cases.

Validation of the Approach
To validate the approach, game studios within the RAGE consortium created 7 serious
games based on the various software components, which were then tested and evalu-
ated in real end-user pilots. The games focus on various social and entrepreneurial
skills and address diverse educational contexts. Table 2 shows an overview of the
games, their purpose, target groups, and the main component functionality used.

The games are used as proof cases of “components in action”. As an example,
Fig. 1 shows a screen of the Space Modules Inc. game, which is based on RAGE’s
role-play virtual character components. In this game on customer communication skills,
the player takes on the role of a customer service representative working at the help
desk of a spaceship part manufacturer. Customers with a variety of starting moods and
emotional dispositions get in touch about faults they are experiencing. The player has
to manage diverse situations and has to decide how best to respond.

RAGE’s role-play virtual character components are used to model the decisions and
emotional reactions of the diverse customers. In this process, the Emotional Appraisal
Component evaluates how the virtual character’s emotional state should change as a
result of player actions, whilst the Emotional Decision Making component dictates the
reaction of the character based on the changes to their emotional state. In the context of
this game, the facial expression of the virtual character is determined by its mood,
which is calculated using the values of their various emotional states as set by the
Emotional Appraisal Component. Overall, the main purpose of the role-play compo-
nents is to easily establish believable social behaviour of virtual characters.

Table 2. Games used for testing and validation of RAGE components.

Game title Purpose Target group Main
component

Sports Team
Manager

Leadership and
management skills

Recreational sports
leaders

Social Agency

Space Modules
Inc

Customer helpdesk skills Vocational IT
students

Role Play
Character

IT Alert Collaboration skills Vocational IT
students

Social
Gamification

Job Quest Job application skills Corporate candidates Emotion
Detection

Watercooler Conflict management skills Art and Design
Students

Dialogue
Integrator

Hatch Creative Entrepreneurial
skills

Art and Design
students

Essay scoring

ISPO Interrogation skills Police officers Text-to-speech
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More than 500 participants were involved in the first pilots to formatively evaluate
the games with respect to usability, user-experience, motivation, learning outcomes,
and costs versus benefits. After an iteration cycle based on the evaluations, improved
versions of the games were used in a second pilot series, involving over 1500 par-
ticipants in total. Results are being reported elsewhere. Gathering sound empirical
evidence of both the effectiveness of the games for learning as well as the added value
of diverse technology components is considered essential for devising relevant business
cases and promoting wider adoption by the industry. Alongside RAGE pilot studies, a
survey among software component developers and game developers has confirmed the
practicability of the component-based architecture and the ease of integration and reuse
of the components in diverse game engines. Details are in [8].

2.3 The Marketplace Portal

The RAGE marketplace portal, available at http://gamecomponents.eu, is the technical
platform for exposing game technologies and resources. In contrast with existing
marketplaces, which are either driven by commercial game platform vendors (e.g.
Unity, CryTec, Unreal), by vendors of other creative software tools (e.g. Adobe), or
general media stock asset marketplaces (e.g. graphicriver.net), the RAGE portal is
“neutral”, that is, not platform driven or game engine driven, but instead domain
driven. With its focus on serious games it has a clear scope, not positioned as a by-
product of leisure games. At the core of the portal is a digital repository of software
objects and associated knowledge resources [9]. Figure 2 shows a screenshot of the
software catalogue page.

The portal provides search functionalities and a high level categorisation of soft-
ware into functional areas. The look and feel of the portal largely complies to what is
common at existing marketplaces.

The submission process for new software is guided by a stepwise workflow (i.e.
wizard) for entering the most relevant metadata and the associated artefacts (see
Fig. 3). The software can either be uploaded as a separate zip archive or included as a

Fig. 1. A screenshot from the Space Modules Inc. game, showing one of the customers.
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reference to an external archive (e.g. Github). Also, associated artefacts (e.g. manuals,
tutorials, videos, demos) can be provided. Integration with social media platforms such
as Mendeley and Slideshare allow for easy import of pre-existing resources [9].

Fig. 2. A screenshot of the software catalogue at the marketplace portal (gamecomponents.eu).

Fig. 3. A screenshot displaying part of the software submission workflow.
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Finally, to support future sustainable exploitation of the portal including software
pricing and paid subscriptions, the portal also includes full e-commerce functionality,
allowing for secure financial transactions between parties. Still, all current RAGE
components are free, open source software.

3 Discussion and Conclusion

In this paper, the H2020 RAGE marketplace portal was presented as a vehicle and a
catalyst for amplifying the domain of serious gaming. Launching a portal, however, even
if it exposes high quality technologies and associated knowledge resources, does not
create “per se” an innovation ecosystem. An ecosystem should be a lively social system
that acts as a catalyst among diverse stakeholders across the value chain: researchers,
industries, education and government. To achieve this, it is needed to raise interest
among stakeholders, engage them and demonstrate the value that the portal offers, so that
supply and demand are amplified, and help to establish the self-sustained community.

But to have a successful marketplace, three critical factors need to be addressed.
First, it is unclear if the initial set of RAGE technologies and related resources (e.g.
training) would display sufficient critical mass to create traction among in the serious
game stakeholders (e.g. game studios, developers, researchers). To increase its port-
folio other research partners and projects are actively being approached and invited to
expose their software at the portal. Already, visitors of the portal (at http://
gamecomponents.eu) can register and upload their own software for exposure at the
marketplace. We have noticed that an exclusive focus on reusable software components
in accordance with the RAGE architecture would be too restricted and might dis-
courage third-part software developers to expose their software at the portal. Therefore,
the portal allows for posting any software applications and platforms that are deemed
relevant for serious gaming. Both production-level software and experimental software
prototypes would be allowed, as well as associated knowledge resources.

Second, for professional users the quality of the exposed software and its associated
resources is deemed crucial. This quality refers to correctness and style of coding,
documentation of code, installation manuals, test suits, demos, evaluations, scientific
evidence, maintenance info, and many more factors. In the concept of a community-
driven marketplace, however, centralised quality control (i.e., checking and testing all
the submitted products) is not a viable option. In the terms and conditions of the portal,
it will be made explicit that all ownership, quality claims and liability of software
products remain at the submitting parties. Still, to avoid low-quality software sub-
missions four quality assurance mechanisms will be put in place:

• Completeness of metadata: In the submission workflow, completion of metadata is
checked and indicated, as to make sure that submissions go with an appropriate set
of metadata.

• Self-assessed quality score: In the submission workflow, the submitting party is
asked to indicate the quality conditions of the software posted, such as the status of
documentation, the availability of test suits and so on, which becomes visible for all
users.
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• Community ratings: To exploit the wisdom of the crowd, the portal includes a
product rating system, which allows consumers to rate the products exposed. Weak
software will be spotted soon and publicly disqualified. The overall software quality
is raised by this reputation mechanism.

• Automated quality checks: To a limited extent, automated quality checks may be
used to assess the submitted software. This may include generic test methodologies,
such as using test suites, code coverage tests or error injection [10], but also tests
specifically testing compliance with the RAGE architecture, for instance detecting
incorrect implementation of software design patterns, or detection of component´s
API and bridge usage [6, 7].

Third, to effectively address the knowledge paradox RAGE also includes an
exploitation and revenue model for the portal so that it can continue and grow beyond
the lifetime of the project. Based on extensive stakeholder consultations, a Hybrid
Multi-Sided Business Model has been selected as the best option, providing the flex-
ibility and ability to eventually accommodate multiple revenue streams, such as sub-
scription fees, e-commerce services, and premium services, and to adapt quickly to
changing market conditions in the fluid and fractured serious game development
landscape [11]. RAGE seeks active involvement with stakeholders who could support
sustainable exploitation, either as technology users, technology providers or as par-
ticipants in the governance of the platform. To continue the RAGE activities after the
ending of the project (2019), a Foundation (legal entity) has been established, that is
open to third parties, to look after the implementation and sustainable exploitation of
the marketplace platform.

We expect that successful maintenance and exploitation of the marketplace may
truly advance synergy and coherence in the serious gaming domain.

Acknowledgement. This work has been partially funded by the EC H2020 project RAGE
(Realising an Applied Gaming Ecosystem; http://www.rageproject.eu/), Grant No 644187.
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Abstract. Serious games adoption is increasing, although their penetration in
formal education is still surprisingly low. To improve their outcomes and
increase their adoption in this domain, we propose new ways in which serious
games can leverage the information extracted from player interactions, beyond
the usual post-activity analysis. We focus on the use of: (1) open data which can
be shared for research purposes, (2) real-time feedback for teachers that apply
games in schools, to maintain awareness and control of their classroom, and
(3) once enough data is gathered, data mining to improve game design, evalu-
ation and deployment; and allow teachers and students to benefit from enhanced
feedback or stealth assessment. Having developed and tested a game learning
analytics platform throughout multiple experiments, we describe the lessons that
we have learnt when analyzing learning analytics data in the previous contexts
to improve serious games.

Keywords: Serious games � Learning analytics � Dashboards �
Game-based learning � Stealth assessment

1 Introduction

Serious games are being successfully applied in multiple fields (e.g. military, health);
however, their uptake in formal education is still poor, and usually restricted to
complementary content for motivation [1]. Several reasons can explain this, including
the high development cost of new games, or the difficulty for teachers to assess the
acquired learning, and therefore to effectively deploy and apply games in their classes.

Moreover, very few serious games have a full formal evaluation, and those that
have been evaluated are usually tested with limited numbers of users [2]. This is hardly
surprising, as large-scale formal evaluations can become as expensive as creating the
game. Also, the feedback from formal evaluations is often obtained too late to improve
the games or their educational experience. We consider that information from In-game
users interactions can benefit all phases of a serious game’s lifecycle, including game
design, development, piloting, acceptance, evaluation and maintenance; and should be
used to improve the experience of all stakeholders involved (teachers, educators, and
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students), providing each with the specific information that they need for their pur-
poses. But this process is still too game-dependent, complex and expensive.

Analysis of in-game user interaction data has been used to improve games devel-
opment in the entertainment industry, in a discipline called Game Analytics (GA). This
requires data to be obtained via telemetry, and then analyzed to extract metrics, such as
performance or user habits. However, the usual focus of GA is increasing user
retention, playing time and revenue [3]; while serious games, particularly in education,
instead seek to maximize learning or improve the learning experience.

Learning Analytics (LA) is “the measurement, collection, analysis and reporting of
data about learners and their contexts, for purposes of understanding and optimizing
learning and the environments in which it occurs” [4]. LA seeks to lay the groundwork
to go from theory-driven to evidence-based education, where data can be used to
improve educational scenarios [5]. This approach can be extended to serious games,
where in-game user interaction data can benefit their creation and applicability in real
environments, in a discipline that we call Game Learning Analytics (GLA) [6].

In this paper, we wish to go beyond the usual post-game session analysis, and focus
instead on three scenarios where GLA can be especially helpful. First, the data
extracted, if done in a systematic and standardized way, can be not only used for
improving the games but also openly shared for research purposes. Second, in the
context of applying games in education, all stakeholders involved could benefit from
information from the actions taken in the game, directly during the session. Finally,
after sufficient data has been gathered, deeper analysis can be helpful to obtain richer
information for all stakeholders, and inform improvements in several stages of the
game’s lifecycle.

2 Obtaining In-Game User Interaction Data

The first step to gain insights from in-game user interactions is to ensure that all data
with the potential to yield such insights is adequately collected. Experimental design
and deployment should comply with all the legal regulations (e.g. users’ consent). We
consider three main pillars that data management must ensure:

• Anonymization: when possible, data must be adequately anonymized so no per-
sonal details are attached to the student data (e.g. using randomly generated codes).
This will help to comply with regulations on data privacy [7].

• Collection: data collection must be non-intrusive and transparent, to avoid inter-
rupting the students’ gameplay. Collection can be greatly improved using a standard
tracking model that simplifies and standardizes this process.

• Storage: data received from games should be collected in a server that can effi-
ciently manage large amounts of data in a secure way. If data is collected in a
specific format, the storage system should also be prepared to validate and handle
that format.

Our research group has developed a GLA System that is currently been improved
and extended as part of two EU H2020 projects (RAGE and BEACONING). With this
analytics platform, we have already conducted several experiments that follow the
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above data-management guidelines, collecting data from thousands of game sessions.
Some of the results and conclusions drawn from these experiences are detailed in the
following sections, since we have used the resulting data for each of the three appli-
cations described in this paper: research, real-time reports, and deeper offline analysis.

2.1 Standardizing Data Collection: Experience API Serious Games
Profile

To systematize and standardize data collection we propose the use of the Experi-
ence API Serious Games Profile (xAPI-SG for short), described in detail in [8].

As previously mentioned, it is mandatory to comply with all personal data privacy
regulations, capturing only the relevant data and using anonymization whenever pos-
sible before storage, so no data can be traced back to specific students. For analytics,
pseudo-anonymization techniques can be used, where the manager of a session assigns
random tokens to players that use them to access the game. The tokens tie all data
received from each player together, while providing no information of their identity.
When required, teachers can retain the correspondence between anonymous tokens and
students that use them; in such cases, this link must be managed outside the game and
the analytics system. Additionally, best practices require informed consent forms dis-
closing both the intended experimental design and how collected data will be used.

Servers that can store xAPI data are usually called Learning Record Stores (LRS),
and generally allow limited query capabilities. Every server and technology used in the
tracking architecture should be ready to deal with large amounts of data (big data) as
the number of traces generated by a single player may be large; and if the system is
successful, large amounts of users generating many interactions per second can easily
overwhelm low-capacity solutions. To ensure scalability, multiple servers that can
share the load are an obvious choice; however, this also increases the chances of at least
one of them failing or becoming unreachable, forcing truly scalable analytics imple-
mentations to be distributed, redundant, and fault-resistant.

Data tracked from serious games using an open format such as xAPI-SG, when
suitably anonymized, can be easily shared with other researchers. Open sharing of
research data and publications are among the tenets of the Open Science movement,
with initiatives such as the European Commission’s OpenAIRE [9] or CERN’s Zenodo
[10], which seek to ensure open access of research data and publications, respectively.

3 Uses of Analytics Data to Improve Serious Games

Users of serious games can benefit from collected data at several stages: (1) at real time,
to provide real-time feedback to teachers and students, (2) after the session is finished,
to provide detailed feedback, and (3) after sufficient data has been collected, through
enriched feedback based on data mining. In this paper we are mostly interested in
(1) and (3), since (2) is generally known and explored in many other resources.

Figure 1, has been adapted from the Learning Analytics Framework (LAF) de-
scribed in [11], to add and highlight the use of open data, real-time feedback, and data-
mining. The LAF did not envision serious games as sources for analytics data, and

Improving Serious Games Analyzing Learning Analytics Data 289



predates the appearance of xAPI. As seen in the figure, the contributions described in
this work have consequences for most if not all elements considered in the LAF. For
each of the 4 questions considered in the LAF:

• What kind of data does the system gather, manage and use for analysis? While the
LAF mentions e-learning systems as sources, we propose the use of xAPI anon-
ymized statements from games.

• Why does the system analyze the collected data? We extend the goals of the LAF to
improve serious games, from design to development, deployment, and maintenance.
Real-time feedback is key for monitoring and classroom intervention, while data
mining allows enhanced feedback once enough data has been gathered.

• How does the system perform the analysis of the collected data? We apply most of
the methods envisioned by the LAF, even though our current focus is on single-
player games.

• Who is targeted by the analysis? Stakeholders now include the actual game
developers, in addition to the learners and teachers that gain, among others, feed-
back and assessment, or educational institutions that wish to know the outcomes of
applying games in education. Researchers can also benefit from open research data.

4 Game Learning Analytics Real-Time Applications

Different stakeholders can benefit from (near) real-time feedback. In this section, we
adopt the common scenario of using serious games in education as part of a lesson in a
classroom environment, focusing on real-time feedback for teachers and students.

Real-time feedback is available as soon as the game starts to be played; to allow
teachers to monitor and perform timely interventions, easy-to-understand feedback must
be quickly generated. For example, a student that stops playing can trigger an alert that
allows the teacher to walk over to find out the cause; or a student that is advancing much
quicker than the rest of the class may benefit from the teacher suggesting additional tasks
to attempt. Such simple scenarios illustrate real-time applications where the information

Fig. 1. Contributions of this paper (ovals), and an adapted version of the Learning Analytics
framework, as described in [11]. Elements with an asterisk were not present in the original
framework. Bold-face text highlights framework elements affected by our contributions.
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collected from interaction data can help teachers and students. Certain types of visual
analytics are particularly suited for real-time feedback, especially when combined in
dashboards. The ideal content of these dashboards will depend on the game, delivery
environment, and the metrics and KPIs that are most relevant to each stakeholder.

4.1 Real-Time Information for Teachers

For teachers, visual analytics provide an easy way to explore the information gathered
from their students’ interactions. Analytics dashboards present aggregations of indi-
vidual visualizations, each providing insight into specific aspects, such as progress,
errors, or choices taken. Visualizations can also display actionable feedback to locate
students that get stuck, or suggest additional work that may interest advanced students.

We have conducted multiple experiments with students to test our data gathering,
real-time analytics and dashboards; the latest, as of this writing, with over 1000 stu-
dents, seeking to validate a serious game that raises awareness on cyberbullying [12].
Previous experiments include games that teach first aid techniques [13], or that were
geared towards cognitively impaired users (e.g. with Down Syndrome or Autism) [14],
where dashboards were the only option to follow the progress of players.

Figure 2 describes some of the visualizations included in the teacher dashboard
used in the latest experiments to provide real-time feedback in classroom settings [15].
The dashboard uses xAPI-SG concepts such as completables (e.g. levels) and alter-
natives (e.g. multiple-choice questions). The visualizations depicted inform users on
(a) correct and incorrect alternatives selected: the number of correct and incorrect
answers selected as alternatives for each player, and therefore the general knowledge of
players; (b) total session players: the number of students that have started the game;
(c) maximum progress of players per completable: for each completable, the progress
achieved by each player, and therefore whether students are finishing or struggling to
continue; and finally (d) games started and completed: a pie-chart that displays the
number of games that have been started and completed, providing an overview of the
students that have started and finished; and indirectly, how many students are still
playing.

These visualizations aim to provide general information from gameplays (e.g.
progress, answers) to teachers, allowing them to understand it with minimal effort. Data
can be used to trigger alerts or warnings in specific situations that require immediate
action for teachers (e.g. a player has been inactive for too long). Figure 3 shows the
general view of alerts and warnings; clicking on a specific student, teachers can see
details of alerts and warnings triggered by that student’s actions, and act accordingly.

Improvements are being considered for the visualizations in Fig. 2, based on the
feedback collected from teachers. For example, simplifying the visualizations by
adding clearer titles and legends, and showing general metrics that provide a quicker
overview of the most critical information (e.g. questions failed most, critical areas in-
game). We have also determined that providing additionally recommended actions is
well-received by teachers (e.g. specific student needs help). These recommendations
can help teachers to improve their classes, linking the information provided by LA with
actions to support students learning [16]. For instance, teachers requested reports on the
topics with the highest error ratios, to allow them to be reviewed before any others.
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4.2 Real-Time Information for Students

Student dashboards provide information on performance and in-game outcomes,
allowing them to easily assess their strengths and weakness. Current solutions for
learners’ dashboards present several issues that should be considered. It is common to
compare the results of students with their class or with average results (e.g. scores,
times-to-finish) from their classmates; however, some researches have pointed out that
this may demotivate those students who do not reach at least average rankings [17].
Authors of [18] concluded that most educational concepts used to design LA

Fig. 2. Some of the visualizations included on the default teacher dashboard.

Fig. 3. Alerts and warnings general view (top part). Clicking on a specific student displays
detailed information on the warnings and alerts triggered by that student (bottom part).
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dashboards focus on self-regulated training by displaying their own data to players.
These dashboards generally fail to use awareness and reflection to improve compe-
tencies (e.g. cognitive, behavioral or emotional) and usually promote competition
instead of knowledge mastery.

Figure 4 provides a sample dashboard with typical information shown to students:
maximum score achieved (visualization labelled a); maximum, average and minimum
scores of the player (b); a comparison with other players in a leaderboard (c), which
uses traffic-light colors to display ranges of players scores; correct and incorrect
answers (d); student progress over time (e); and levels completed (f).

Another area where data can be exploited at real-time to benefit students is that of
adaptive learning experiences. Games can adapt their difficulty in real-time in response
to players’ in-game performance. The authors of [19] described the results of experi-
ments comparing adaptive, non-adaptive games and other non-adaptive learning
activities, concluding that, although all activities reached equal levels of motivation, the
adaptive game resulted in significantly higher learning outcomes.

5 Offline Data Analysis

Apart from displaying real-time information, data collected during several gameplays
can be further analyzed to yield additional insights. Data mining processes can be
applied to extract patterns of use, which can be leveraged to improve the game for
future deployments. Educational institutions and higher-education administrations can
also benefit from aggregated data that can quantify the extent to which the use of games
in class benefits learning, allowing them to make evidence-based decisions on the value
of using serious games in their classrooms.

Game developers and designers can obtain feedback from actual classroom game-
plays to improve both the game and the learning design. For instance, they may find
errors in the game, unreachable areas, levels that are too difficult or too easy for players,
a more precise determination of average playing time, etc. In this sense, analysis can
certainly help to improve the iterative design for subsequent versions of the game.

Fig. 4. Sample student dashboard showing information about scores, errors or progress.
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Data gathered can also be used to categorize players, creating different profiles for
targeted feedback, a process which can be automated using data mining (considering
some limits such as data complexity or the algorithms’ efficiency). This feedback may
include hints to help students or even changes in level difficulty to avoid a decrease in
motivation [20]. Clusters of players that show different behaviors and characteristics
may provide clues on how different learning elements affect each type of players [21].
In one experiment, we collected data for more than 200 students playing a serious game
that teaches first aid techniques. Using data mining, we managed to classify players
based on their actions and results to identify clusters of player profiles, and even the
discovery of those in-game actions that had greater influence on player outcomes [13].

One of the latest steps we have carried out to improve the lifecycle of serious games
using GLA data focuses on improving evaluation methods. So far, serious games are
commonly evaluated using costly pre-post experiments [2]. We consider that their
application in education would benefit from a quicker and cheaper evaluation process.
To this end, we have proposed and tested the use of data mining to predict the results of
the pre- and post- tests based on interaction data; while only possible once a
sufficiently-large training set has been collected, the technique avoids the need of
conducting tests – at least for players that are similar to those that the system was
trained with.

This can be considered as another step in stealth assessment. Serious games can
also become powerful assessment tools, even though the exact characteristics of games
that best allow these assessments is still not entirely clear. Stealth assessment [22] is the
practice of embedding assessment in a gaming environment in a non-intrusive way,
analyzing gameplay actions to infer exactly what players know at each point in time; it
is, in this sense, and extension of the evaluation without pre- and post-test described in
the previous paragraph. For this discipline, it is still important to improve the serious
games themselves, ensuring that their application is effective and making assessment
more valid and reliable.

6 Conclusions

In-game users’ interaction data from serious games can be exploited to provide a wide
variety of insight on the educational process of different stakeholders. Developers can
use it to improve the full lifecycle of games. Teachers can gain real-time insights of
student behavior, allowing them to help students playing, or to summarize a session
when discussing it with students once they have finished. Students can get feedback on
their performance, including their strengths and weaknesses. Researchers can benefit
from open access to shared research data. Educators can obtain metrics on the efficacy
of games application on their institutions.

When collecting data, many issues need to be addressed, including anonymization,
which is especially relevant when working with minors or to allow collected data to be
openly shared for research purposes.

In real-time scenarios, visualizations, alerts and warnings can help teachers to gain
insights of the whole classroom, while students can track their performance and
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compare it to that of their peers; both uses of data provide information that allows
teachers and students to make better decisions while the games are still in play.

After data has been collected, data mining techniques can provide further infor-
mation to improve game design, deployment and evaluation. To improve evaluation,
the latest line of work continues with experiments that follow the usual evaluation
structure (pre-test, gameplay, post-test) and track interaction data to later predict pre-
vious and subsequent knowledge; and compare those predictions against actual data
collected in the tests.

Adoption of serious games in schools could greatly improve with the feedback
retrieved from interaction data, ideally with a general game learning analytics system
that standardizes data tracking, collection, analysis and visualization, extracting useful
information to be given back to the stakeholders involved. Whichever the approach, we
consider that data-driven solutions that take advantage of the power of game learning
analytics are essential to guide the future application of serious games.
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Abstract. In this paper, we present a toolkit that aims at facilitating the design
and implementation of serious games played in cross-reality environments. This
type of systems interconnects a physical space with a virtual world. Its use as a
platform for serious games will open the door to the design of collaborative
learning experiences based on games played simultaneously by real and virtual
players. However, due the wide range of technologies they require to integrate,
their implementation could be complex and expensive. The toolkit aims at
lowering the cost of building cross-reality serious games, so that the opportu-
nities that this type of artefacts might offer in educational contexts can be more
easily explored.

Keywords: Serious games � Cross-reality � Authoring tools

1 Introduction

A cross-reality or xReality [1] experience interconnects a virtual space and a real
scenario via a network of sensors and actuators. The activities on both worlds can be
mirrored or influenced with each other. In an Augmented Reality (AR) experience the
real-world information is extended, and in Virtual Reality (VR) it is replaced by
synthetic images generated by a computer. On the contrary, in a xReality (XR) expe-
rience the user might act either upon the real world or a virtual representation of it,
having the opportunity to interact and collaborate with other users co-located in the
same reality or in the counterpart one. This feature has been exploited in several XR
systems that support collaboration [2, 3] and interaction [4] between geographically
distant people. Instead of communicating via a 2D interface or a videoconference
system, the distant collaborators interact through avatars in a 3D virtual space, which
might use virtual replicas of the devices the collaborators in the real world are working
with [2, 3]. The actions of these avatars are translated into real world representations
via a network of actuators and sensors, which also capture the activity in the real
scenario and translated it into the virtual world.

In this paper, we focus on the use of XR for educational purposes and, more
specifically, as a platform for serious games. XR technology will give the educator the
opportunity to create learning experiences based on games whose action can take place
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in the real and virtual world simultaneously. This opens the door to the design of games
whose different stages or missions take place in the type of reality that is more adequate
for learning the concept linked to the mission. Also, it will possible to design multi-
player games, in which virtual and real players collaborate or compete with each other
from the “game reality” that best suits their needs or restrictions at the time. Further-
more, most traditional XR environments use multi-user virtual worlds, as Second Life,
as a basis for supporting the virtual action [4]. However, it is now possible to develop
XR systems that exploit the latest advances in VR, AR, and ubiquitous computing
(UC). Each of these technologies offer unique opportunities for education. For
example, VR allows to create immersive and realistic first-person learning experiences
[5]. AR can be used to enhance the interaction with the learning content [6] and to
support embodied cognition [7]. Finally, UC allows to design situated learning expe-
riences [8]. An XR platform for serious games based on these technologies might allow
to deliver educational experiences that combine the benefits of all those technologies
with the ones provided by educational games.

However, in order to explore the possibilities of XR serious games, it is necessary
first to reduce the cost associated to their design and implementation. Due the wide
range of technologies integrated in an XR system, which might include ubiquitous
devices, communication networks, and virtual worlds or game engines, its imple-
mentation is often costly and expensive. As a first step to understand the potential
benefits of XR serious games it is necessary to be able to generate prototypes at a low
cost [9] so that ideas can be quickly evaluated to get feedback on their real utility. In
this paper, we introduce the XRSG Toolkit (XR-Serious Games Toolkit), a platform
that aims at simplifying the design and implementation of this type of artefacts, and that
provides a running environment for their execution.

The rest of the paper is organized as follows. In the next section, some related work
is presented. Next, we describe the toolkit and the editors it provides. Next, and in order
to clarify the potential of the toolkit’s, we briefly describe a XR serious game example.
The paper ends with some conclusions and future lines of work.

2 Related Work

One of the first examples of an XR environment is ShadowLab [10], a system that
interconnects the Responsive Environments Group lab from MIT to a replica of itself in
the virtual world Second Life. In this environment, real and virtual visitors could know
the level of activity in their counterpart situated in the other reality. Graphical repre-
sentations or avatars of the real visitors were included on the virtual world based on the
information received from light, sound, and movement sensors situated in the real
world. On the other side, the number of virtual visitors was represented in the real
world using some specifically devised devices (“data ponds”).

In the area of education, the InterReality Portal [3] supports the collaboration
between students situated on distinct geographic positions during the construction of a
IoT (Internet-of-things) device. While the students in the physical location used an
electronic kit to build the IoT device, the students in the virtual world visualize and
interact with its IoT counterpart by means of a “xReality object” which represented it.
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With regards to its use for games, the most outstanding example is TwinSpace [2].
Although the original purpose of the environment was to support the collaboration
between distributed teams, their designers also use it as a platform for a game in which
players from teams compete for the collection of objects in a virtual environment that
represents a fort. Some of the players take the roll of “soldiers” which control the
virtual representation in a traditional way using the mouse and keyboard. Other players
take the roll of “mystiques” or “phantoms”, and control the actions of their avatars
using tangible objects in interactive tables or by moving a cart with a tangible screen.
Another example of cross-reality game is LSInvaders [11], a version of the “Space
Invaders” game in which the action of the game is projected on a wall and a physical
robot reproduces the movements of the ship in the virtual world.

3 The XR-Serious Games Toolkit (XRSG)

To support the design and development of XR serious games we developed a platform
named XRSG. The platform has been developed as an extension of the X-Reality
Toolkit (XRT) presented in [12]. In this section, we briefly introduced the XRT, and
describe the functionalities of the new toolkit.

3.1 The X-Reality Toolkit (XRT)

XRT aimed at facilitating the implementation of cross-reality environments which
combine interactions between electronic-incorporated objects and 3D virtual worlds.
The toolkit was designed to address four different challenges when creating cross-
reality experiences:

• Designing and building the virtual world.
• Augmenting the physical world by means of networked sensors and actuators.
• Managing the communication between the two worlds.
• Defining a mapping between the two worlds.

Taking into account these challenges, the toolkit provided four editors for sim-
plifying the creation of cross-reality experiences:

• a Virtual World Editor, for designing 3D virtual scenarios. This editor allows to
design a virtual 3D scenario by modifying and populating a pre-defined setting, or
background scenery, with 3D models retrieved from the toolkit’s 3D models
warehouse. This process is carried out in a similar way as in Minecraft or other
popular sandboxes: the designer walks around the environment, using a first-person
perspective, and edits (e.g., rotate, shrink/enlarge, etc.) the elements on it.

• a Real World Editor, for helping to specify the scenario of the game in the real
world, and describe where and how the player would interact with the objects in it.

• an Electronic-Incorporated Object Editor, for helping to build interactive objects.
This tool provided visual hints that guided the user to correctly connect sensors and
actuators to the pins of a microcontroller board.
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• and an Interaction Rules Editor, for specifying high-level interaction policies that
synchronize sensors and actuators in the physical room with digital entities in the
virtual world. These policies were defined as trigger-action rules, that specify
behaviors in the form if something happens (the trigger), then do something (the
action). The rules were described by linking through connection lines representa-
tions of the virtual and physical objects specified using the two other editors.

The Toolkit also provided a Cross-Reality Runtime Server, which interpreted the
designs specified with the editors, and provided a runtime environment for their exe-
cution, and a Virtual World Client, that provided a 3D virtual scenario for the
experience.

The XRT’s authoring tool were implemented using HTML and JavaScript. The
Virtual World Editor and the Virtual World Client are extensions of the GREP (Game
Rules scEnario) Platform [13], implemented in Unity 3D. More information about the
different features of the toolkit and its implementation can be found in [12].

3.2 The XR-Serious Games Toolkit (XRSG)

The XRSG Toolkit extends the capabilities of XRT to support the design and imple-
mentation of a specific type of cross-reality environment, XR Serious Games. The
creation of this type of technological artefact poses some additional challenges to the
ones specific of generic cross-reality experiences:

• Designing and specifying the rules of the game. This is a common challenge when
designing videogames. Having to describe the rules that govern the action of the
game can be tedious and complicated and might make necessary to learn specific
notations or design languages.

• Designing and building a real scenario for the game. This challenge is related to
the challenge Augmenting the physical world by means of networked sensors and
actuators, of the standard cross-reality environments. It is necessary to consider that
to capture the action of a play, the extension and complexity of the network of
sensors might be larger than in the case of a cross-reality environment designed to
support one or two types of collaborations. Also, it will be necessary to specify the
area of the physical world in which the game take place.

The XRSG platform responds to these challenges by adapting the original XRT’s
editors and runtimes to the requirements of the XR-Serious Games and providing some
additional ones.

Virtual World Editor
This editor (Fig. 1) expands the original functionality of the XRT’s virtual world
editor. It not only supports the design of the 3D virtual space, but it also allows to
specify the rules that govern the game action. This addresses the challenge Designing
and specifying the rules of the game. To specify the game rules the toolkit implements
the combinative design approach described in [12]: games are described as a combi-
nation of rules and mechanics of more simple games. Currently, the tool allows to use
game rules derived from 4 classical games, treasure hunt, avoid enemies, race and
adventure. The designer links rules taken from these games to the elements of the
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scenario (Fig. 2). As the four games are popular and well-known, the designer is not
required to master new concepts or to learn a new language for describing the game
action. For example, a coin could be linked to the rule “collectable” from the “treasure
hunt” game, to specify that the player can pick it up. As another example, by linking a
fire to the rule “enemy” from the “avoid enemies” game, the designer specifies that the
contact of the player with the fire will produce damage. The adventure game provides
the rule “transform”, which can be used to specify that certain object can be combined
with another one to produce a new one. For example, a key can transform a closed door
into an open door.

Real World Editor
The Real World Editor addresses the challenge Designing and building the real sce-
nario for the game. To hide the complexity of setting up connections between boards,
sensors and actuators, the toolkit provides a set of predefined Interactive Boxes. Each
box contains certain combination of sensors, buttons and leds connected to an ESP8266
NodeMcu board equipped with a WIFI module (Fig. 3). These boards are pre-
programmed to send the information captured by the boxes’ sensors to the cross-reality
engine, and to activate or deactivate the leds on request. The game designer can use the

Fig. 1. Screenshot of the virtual world editor

Fig. 2. Screenshot of the rules menu of the virtual world editor
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Interactive Boxes to enhance the objects in the real scenario with interaction capacities.
For example, a box with a distance sensor placed in certain location can be used to
detect when the user is close to that spot. For another example, a box with a button
positioned close to an object could be used to permit the player to “select the object”.

The process of defining a real scenario for the game is as follows. Firstly, the
designer uploads to the platform a map or aerial view of the area where the game will
be played (Fig. 3). Next, she selects from the editor’s menu the Interactive Boxes to use
in the game, and place them over the image at a position that approximates the location
where the box should be placed in the real setting.

Interactive Boxes Editor
This editor is a new version of the Electronic-Incorporated Object Editor of the XRT.
Its objective is to allow the user to build Interactive Boxes to be used in the Real World
Editor. As in the original editor of the XRT, the user selects a micro-board (the
ESP8266 NodeMcu) and a set of sensors, buttons and led to connect. The tool provides
visual hints on how to connect all the elements to build an Interactive Box (Fig. 4). The
user just needs to follow these instructions, and load into the micro-board a standard
communication script provided by the toolkit. The design of the box is then exported as
an XML file containing all the information about the input and output components
added to the box, and the pines of the micro-board at which each of them is connected.
To finish the process, she just need to provide a name for the box and it will be ready to
be used in the real world editor.

Interaction Rules Editor
The Interaction Rules Editor version of the XRT has been adapted to the requirements
of the new toolkit and expanded with more functionalities. Each time a game rule is
attached to a virtual object, or an interactive box is added to the real scenario a new
representation is added to the Interaction Rules Editor’s view. These representations
take the form of rectangles with certain number of red and green circles (connections)

Fig. 3. Left- interaction boxes. right- screenshot of the real world editor

302 T. Zarraonandia et al.



(Fig. 5). The red circles correspond to triggers (if this happens…) and the green circles
correspond to actions (…then do this). The red and green circles are automatically
generated by the toolkit based on the rules definition or the design of the Interaction
Box. For example, the rules “collect” and “Transform” generate red circles labelled
“when collected” and “when used”, respectively. In a similar way, linking the rule
“generate” to an object produces an object’s representation with a green circle, meaning
that this rule can be activated by a trigger, at the designer’s choice. With regards to the
interaction boxes, each button or sensor in the box generates a set of red circles (“when
pressed”, “when released”, “when sensor activated”, “when sensor deactivated”), while
leds produce green circles representing their states (“led on”, “led off”).

To allow the designer to specify more complex interaction rules between virtual
and real objects, the Interaction Rules Editor allows to apply the logical operations
AND and OR to several inputs. This allows to define rules of the type “IF the player
presses the button of the interactive box AND uses the key THEN transform the closed
door into an open door”.

Fig. 4. Screenshot of the interactive boxes editor

Fig. 5. Screenshot of the interaction rules editor (Color figure online)
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XRSG Game Engine
Finally, the original Cross-Reality Runtime Server and the Virtual World Client of the
XRT have been integrated into a game engine (XRSG Game Engine) that interprets the
designs produced using the editors, and generates cross-reality game experiences based
on them. More specifically the XRSG Game Engine is in charge of:

• Generation of the Game’s Virtual Scene: The engine retrieves from the toolkit’s 3D
model warehouse the ones specified in the game design, and compose the Game’s
Virtual Scene by instantiating the model with the size, position and orientation
specified in the design files.

• Generation of the Game’s Real Scene: In a similar way, it retrieves from the game
design the identifiers of the Interaction Boxes to be used in the game. Next, it
obtains from the toolkit’s repository the XML files containing the box design
descriptions. Based on them, it sets a communication channel for each box to send
and receive messages to control and manage all its components.

• Management of the rules of the gameplay: Finally, the engine is in charge of
implementing and controlling the game logic. On the one hand, it configures pre-
defined scripts with the game rules for the virtual objects the designer has attached
rules to. On the other hand, it reads the trigger-action rules described with the
Interaction Editor and it configures a look-up table that stores the links between the
virtual objects rules and the boxes’ components. Whenever the engine receives a
message from a box’s sensor or a notification of an object’s rule activation, the
engine checks the table. If a match is found the corresponding consequence is
activated.

Currently the XRSG Game Engine has been implemented in two versions:

• Tabletop: this version aims to support XR mono-player Serious Games. The tablet
provides the player with a portable “window” to the virtual scene of the game. This
allows her to act both upon the real scene of the game and the virtual one.

• Immersive VR: this version aims to supports playing XR serious games in which a
virtual player and real player participate. The virtual player will play the game using
an Oculus Rift Head Mounted Display.

4 A XR-Serious Game for Learning About Cultural Heritage

In order to illustrate the possibilities of the XRSG platform, in this section we sum-
marize the design of a XR-Serious Game implemented with the toolkit. Let’s say a
curator of the remains of a roman temple wants to create a game to enhance the visitors
understanding of the site, and at the same time, to increase the interest in the site of other
people at home. Following this idea, she decides to design a XR-Serious Game to be
played by the visitor in the site and a friend at home simultaneously, this latter using VR
technology. Using the Virtual World Editor, the curator designs a virtual replica of the
temple, depicting the place as it was originally at the ancient time. The VR player will be
able to move around this scenario, to observe all their elements with their original
positions, size and colors, and to interact with some of them. On the other hand, she
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designs a real scene for the game that includes both the temple site as well as a temple’s
museum close to it. This museum exhibits figurines, cups, or any other object that the
archeologists found in the site. The designer places some Interactive Boxes close to the
glass-cabinets of the figurines and objects exhibited. In addition, she places another set
of Interactive Boxes at some specific locations of the archeological site.

Next, she starts defining games which require the collaboration of two players. For
example, in one game the virtual player is required to make an offer to please the
temple’s god. To perform the offering, she requires an offering dish and some gold
coins, but these elements cannot be found in the virtual world. The real player needs to
identify them in the museum’s glass cabinets, and to press the buttons of their corre-
sponding Interactive Boxes to “send them back in time” to the virtual world. Now the
virtual player is ready to combine the two objects in front of the god’s statue to
complete the offering. But to do it correctly, it is necessary that the two players are
positioned front of the temple’s deity statue. As the deity statue has been destroyed in
the real world, the virtual player needs to guide the real player to the position in which
it used to be. Then, the real player activates an Interactive Box placed at that location to
indicate she is at the right spot, and the virtual player can complete the offering.

With this simple game both players could learn some interesting facts about the
temple. On the one hand, the real player would be required to go through the glass
cabinets examining the objects exhibited to find the ones she need. On the other hand,
she would also learn the precise spot of the temple’s remains where the god’s statue
used to be. Moreover, by making necessary that the virtual player guides the real one
through the temple, both would gain a better comprehension of the way the temple
looked at the ancient times.

5 Conclusions

In this paper, we introduced a toolkit that aims at accelerating the design and imple-
mentation of XR-Serious Games: serious games that run in a cross-reality platform and
can be played simultaneously in the virtual and the real world. Currently, the toolkit
can support the design of mono-player XR-Serious Games played in a tabletop, and
multi-player games that make use of immersive VR technology. Our current work
focuses on exploring the uses and potential benefits of this type of artefacts for edu-
cational purposes. This line of work includes the collaboration with educators in the
design and implementation of a set of game prototypes to be used in different edu-
cational contexts, and the evaluation of their effectiveness as educational tools. Also,
and for the perspective of the design of the game experience, we plan to extend existing
serious game models [14, 15] to tackle the definition of the real perspective of the play.

At the same time, we are also extending the toolkit functionalities to allow
designing and implementing more complex XR-Serious Games. On the one hand, we
are working on a new editor to allow creating games based on AR technology. On
another hand, we are implementing more game rules for the designers to use in their
games. Finally, we are increasing the number and type of sensors and actuators the
Interaction Boxes could integrate, as depth sensors or LCD screens.

A Toolkit for Creating Cross-Reality Serious Games 305



For the perspective of the design of the experience, we are also planning to extend
existing serious game models as the one presented in [13] or [14], so that the definition
of the real perspective of the game is also considered.

Acknowlegments. This work is supported by the project CREAx funded by the Spanish
Ministry of Science and Innovation (TIN2014-56534-R).
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Abstract. Computer programming has become a basic skill and is now part of
the curriculum taught in middle school. In France, this educational reform was
very sudden and many teachers are not yet trained adequately to teach this
subject, leaving them in search of guidelines and tools to help them. It is in this
context that we propose TurtleTable, an educational game, who has two main
originalities. First of all, this game is not based on writing a computer program,
like most of the other tools, but rather on executing a given program, step by
step. These two approaches are complementary and essential to apprehend the
logic behind computer programming. Secondly, TurtleTable is played in groups
of three, by manipulating Tangible objects on an Interactive Tabletop (TIT). The
players have to collaboratively move the objects on a grid, by following the
instructions of the program on the screen. The game immediately indicates
which instructions are executed correctly, allowing the learners to correct their
mistakes. TurtleTable was tested by 59 middle school students. We developed
four different interactions for TurtleTable (TIT, tabletop, tablet and computer) to
compare their effects on motivation, collaboration and learning. The preliminary
analysis show that the students really appreciated the game, especially the TIT
version, that encouraged collaboration and gave them the impression they
learned more.

Keywords: Tangible object � Interactive tabletop � Serious games �
Learning games � Algorithm � Computer programming

1 Tools for Teaching the Basics of Computer Programming

Digital tools are an important part of our modern society and computer science is now
considered as a basic skill that needs to be taught as early as possible, along with math
and science. In many countries, such as France, the new official curriculum adopted in
September 2016, that includes computer programming, was very sudden, leaving many
teachers unprepared. Most teachers do not have any training on these new skills and are
in need of guidelines and tools to help them. Many passionate teachers and associations
have created blogs with examples of activities [1]. Most of these activities are
“unplugged”, meaning they can be done without a computer or specific digital
equipment. Among these activities, one seems to be particularly appreciated: the stupid
robot game. This game has many variations for 2 to 4 players but basically one player
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writes a program with instruction cards (e.g. move forward, turn left, turn right) and the
other player executes it like a computer by moving and turning on a checkered floor
mat of tiles. Teachers can also use free digital tools to help their students learn how to
program with drawings [2], diagrams [3], blocs [4] or even with real computer lan-
guages [5]. These digital tools have the advantage of correcting the students directly
and offering many exercises with various difficulty levels. These digital games are
based on activities that consist in writing a program to move a robot (or an animal) in
an environment. These activities are often presented in a game-like environment, and
challenge the students with tasks that progressively get harder (e.g. move the robot to
collect all the candy, only use three lines of code). The basic concepts of computer
programming (i.e. variables, conditions, loops and functions) are gradually introduced
as the levels of the games get harder. This type of activity, based on the construction of
a program, is essential to understand algorithms, but often leads learners to execute
their code compulsively and irrationally, until it works. Indeed, this type of game
doesn’t encourage the players to simulate the program in their head, before pressing the
execute button, to foresee how it’s going to behave. Yet, this is a key competency to
master computer programming. Many unplugged activities, such as the example given
above, help develop this competency by working on the execution of a program step by
step. However, these activities require the constant presence of the teacher to explain
the activity and to make sure the students do not make mistakes.

In order to fill the gap, we propose TurtleTable, a digital game that teaches students
how to execute a program, just like a machine. The goal is to help them understand
how a computer program is executed and understand the logic of algorithms. In the
third part of this paper, we detail the innovative Human Computer Interactions
(HCI) with tangible objects and interactive tabletops, we designed for TurtleTable, in
order to enhance motivation, collaboration and learning. We then discuss the results of
a test lead with 59 middle school students, from 14 to 16 years old. In the last section,
we provide insight on the improvements that could be brought to TurtleTable.

2 TurtleTable: Learn How to Execute a Computer Program

TurtleTable is complementary to other digital tools that teach computer programming.
First of all, the game is based on executing an algorithm, step by step, whereas the
other tools are based on building algorithms. TurtleTable is also meant to foster col-
laborative learning whereas more classical computer applications are typically played
alone. In this section, we will present the TurtleTable’s game, the programming con-
cepts introduced in each level, and the functionalities that allow real-time corrections
and scoring. TurtleTable was named after turtle graphics, a tool that was used to
introduce computer programming, with the LOGO language [6] since the 1960s. It has
since inspired generations of programmers and countless educational games. These
games come in all shapes: card games, digital games, simulators, kits to build your own
robot… and now this one, on an interactive table.
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2.1 Game Objective

The objective the TurtleTable game is simple: execute the program on the left of the
screen (Fig. 1, panel A) by moving the objects on the grid (Fig. 1, panel B). The
program, written in a pseudo-language, is composed of basic instructions (e.g. move
obj_1 3 steps forward, turn obj_2 45° to the right), and can contain variables, con-
ditions, and loops. If the instruction is executed correctly (i.e., the object was placed on
the right spot or turned correctly), the instruction is colored in green and the students
can execute the next instruction. In addition, the movements of the objects are mate-
rialized by a line on the grid, that creates a drawing at the end of the level. On the top of
the interface (Fig. 1, panel C), the players can access the 20 levels and see their scores.

2.2 Introducing Basic Computer Programming Concepts

TutleTable has 20 levels that progressively introduce the basic concepts of computer
programming. Level 4 introduces the notion of variables (a = 4), Level 8 introduces
the repeat loop (for i from 1 to 3 do {…}), level 12 introduces the simple conditional
instructions (if i ==2 {…}), level 14 introduces the conditional instructions (if a < b
{…} else {…}) and finally, level 15 introduces the repeat until loop (repeat {…} until
a > 3). These concepts were found in the official guidelines for teaching computer
programming in middle school. The explanations to introduce these concepts and the
order in which to present them were inspired by the tutorials in the CODE games [4]
that are widely used in American schools. As the players get further in the game, these
concepts accumulate. For example, level 16 has a conditional instruction in a loop and
level 20 has a loop in another loop. The levels therefore get more complicated and
challenging.

Fig. 1. Interface of TurtleTable, level 11
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2.3 Real Time Correction and Scoring

If the students don’t move an object correctly, the image of this object shakes and they
have to execute the instruction again, until they get it right. TurtleTable offers several
visual aids to help the learners execute the algorithm correctly: the current instruction is
colored in white, the instruction executed correctly in green and the instruction exe-
cuted with an error appears in red. All of these visual aids are optional and can be tuned
off, making the levels substantially more challenging, especially those with loops.

TurtleTable keeps track of the number of errors for each level and shows them on
the top right of the game interface (Fig. 1, panel C). If the level is finished without any
errors, the level’s button turns green. If the level is finished with one or more errors, it
is colored in orange. The objective is to encourage players to take the time to think and
discuss with each other, before moving the objects. Once all the instructions are done
correctly, the next level automatically shows up. When the 20 levels are finished, the
game shows a personalized message with the total number of errors, urging the players
to improve their score by doing the levels again.

Now that we have described the TurtleTable game, the next section will present the
innovative interactions it offers to increase motivation, collaboration and learning.

3 Tangible Objects with Interactive Tabletops

Our goal is to provide a tool that teachers can use in their classes, to introduce the basic
concepts of computer programming to middle school students. Since programming is
completely new to the students and most of the teachers, we wanted to create a fun and
social activity that would encourage everyone to participation and collaborate.
Research in Human Computer Interactions (HCI) offers empirical evidence that the use
of Tangible objects on Interactives Tabletops (TITs) fosters student engagement and
may enhance learning through collaborative learning methods [7, 8]. The use of TITs
appears especially effective for children, who are used to learning by manipulating
objects. We therefore choose to use this type of interaction for TurtleTable. In the next
section, we provide details on why and how these interactions were designed.

3.1 Tangible Objects

Several studies have proven the fact that tangible objects help students collaborate and
appropriate concepts, while making problem solving more fun and pleasant [9, 10]. In
addition to the attractiveness of this new kind of interaction, the main advantage of
tangible objects is that they are an invitation to action and physically engage the body
in the activity. Toy manufacturers already make games for learning computer pro-
gramming that are composed of software, installed on a computer, and tangible objects,
that communicate with this software. These objects are either used for the construction
of the program [11–13], or for the construction of the robot that will execute the
program [14]. For TurtleTable, we decided to use tangible objects to execute a given
program (Fig. 2). Apart from the first two levels, all the others require the use of two or
three objects. The objective was for each player to participate by moving his/her object.
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The objects were custom-made with a 3D printer. The top is hollowed out so that
the players can see the screen underneath. The objects have exactly the same shape and
therefore can be interchangeable and turned. After testing the game with a small group
of students, we realized it was more intuitive to add a sticker that indicates a number
and the front of the object that would correspond with the number and front of the
virtual object it is on.

3.2 Interactive Tabletops

The use of an interactive tabletop also facilitates collaboration between team members
[15]. The large work space allows students to visualize the interface and interact with it
equally, unlike computers or tablets where, most of the time, one person interacts and
the others observe. The interactive tabletop used for TurtleTable is a ActiveTable
produced by Promethean. This model does not have RFID captors or a camera under
the screen, that can detect ARTags. It is equipped with laser beams that swipe the
surface of the screen. A touch on the screen is detected when a finger or an object cuts
the lasers. We therefore designed the tangible objects with “legs” that could be detected
by the table and wrote a protocol to recognize it, by detecting the space between the
four legs, so that it would not be mistaken for fingers.

4 Tests Lead with Middle School Students

4.1 Objectives

The game objective in TurtleTable (i.e. correctly executing an algorithm) is based on
unplugged activities that are largely used in class and that have proven their effec-
tiveness for teaching computer programming. The main benefit of TurtleTable is
the fact that it corrects the students automatically and therefore allows the teachers to
spend more time helping those in need. Consequently, it does not seem very interesting
to compare classes that use TurtleTable with classes that do not. The benefits of
the innovative TIT interactions, however, remains uncertain. The aim of this first

Fig. 2. Tangible objects manipulated to play TurtleTable
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exploratory study is therefore to measure if the use of TITs has a positive effect on
motivation, collaboration and learning. TIT interactions offer two original features:
the tangible objects and the large workspace, offered by the interactive tabletop. In
order to measure the effect of each of these features, we decided to set up two control
groups: one without tangible objects, but with the big screen, and another without
tangible objects or the big screen. In order to have a neutral control panel, we also
wanted a group to play the game on a computer, with basic mouse and keyboard
interactions. We therefore developed four versions TurtleTable (Fig. 3).

• The TIT version is played with Tangible objects on an Interactive Tabletop. The
players move and turn the object on the grid by placing the tangible object on top of
it and doing the desired movement.

• The Tabletop version is played on an interactive tabletop, without tangible objects.
The objects are moved with basic tactile interactions: click to select and then swipe
to move forwards or backwards. We developed a two finger compass-like rotation
movement to turn the objects.

• The Tablet version is played on a tablet. The tactile interactions are the same as the
tabletop version.

• The Computer version is played on a computer. To move an object, the player
must first click on it with the mouse and then press the UP arrow to move forward
or the DOWN arrow to move backward. The LEFT and RIGHT arrows are used to
turn the object.

Fig. 3. Middle School students playing with the four versions of TurtleTable
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4.2 Data Collection and Experimental Protocol

In order to measure the effect of the of TITs on motivation, collaboration and learning,
we collected different types of data. First, we designed an individual pre and post-test
to measure the knowledge of the subjects regarding the basic concepts of computer
programing (variables, loops and conditions). This test is composed of 10 exercises that
are similar to TurtleTable’s levels: the goal is to execute a program by drawing the path
that the objects do on a grid with a pencil. In order to evaluate if the subjects are
capable of using the right syntax and writing optimized code, the two final exercises of
the test consist in writing the algorithm for a given drawing on a grid. All the usage
tracks of TurtleTable are also collected. This provides precise indications on the
number of errors and the time it took to complete a level. We also filmed all the
sessions in order to analyze the interactions between the subjects. In order to under-
stand these interactions, we also set up focus groups during which we discussed these
interactions. Finally, we designed a final survey to collect the subjects’ insight on
TurtleTable and it’s HCI.

A first experimentation was led with 59 students of the La Salle middle school
(Laval, France). There were 30 girls and 29 boys, from 14 to 16 years old. These
students came to our research center for half a day in December 2017. This field trip
was presented by their teachers as a first initiation to computer programming. The large
majority of these students had no experience in computer programming or algorithms:
only 5 subjects were familiar with scratch programming, as they went to a computer
science workshop during their lunch break.

The students were separated in four groups and assigned different versions of
TurtleTable: 16 in the TIT group, 16 in the Tabletop group, 15 in the Tablet group and
12 in the Computer group. Each group was composed of 4 teams of three to four
students. We asked the teachers to prepare the groups and the teams so that the level of
the students would be evened out. The experimentation was planned as such:

1. The subjects had 15 min to answer the individual pre-test.
2. The teams had 60 min to play with the version of TurtleTable they were assigned.

We asked them to go at least up to the level 15, in order for them to have seen all the
programming concepts. During this session, we explicitly asked the teachers not to
help their students.

3. The subjects had 15 min to answer the individual post-test.
4. The teams had 20 min to test the other versions of TurtleTable. During this session,

several teams were interviewed in focus groups.
5. The subjects had 20 min to individually answer the final survey.

4.3 Results

First of all, TurtleTable was greatly appreciated by the students and the teachers.
Almost all the groups managed to finish the 20 levels of the game in the allotted time
and were competing to get the lowest number of errors by redoing all the levels. The
analysis of the post-test shows that more than half of the students mastered the two first
concepts presented in the game: variables (6/8) and repeat loops (12/16). Considering
only a few students had motions of algorithms, this is a good result for their first hour
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of programming class. In the next sections, we discuss the differences between the
different HCI versions of the game, in terms of motivation, collaboration and learning.

Motivation
In the final survey, the subjects indicated the version of the game they preferred
(Fig. 4). Almost 2/3 preferred the TIT version, 1/5 preferred the Tablet version and
very few preferred the Computer of the Tabletop versions. These results are confirmed
by the words they used to qualify the versions of TurtleTable (word clouds in Fig. 4)
and the discussions lead during the focus groups. The TIT version is mostly qualified as
“fun” and “interesting”, the Tablet version is viewed as “interesting” and “educational”,
the Computer version as “amusing” by half of subjects but “boring” by the other half
and finally, the Tabletop version is seen as “difficult”.

Collaboration
The analysis of the videos shows that the teams using TITs and Tabletops had much
more interaction with each other than the other groups. They talked more to each
other and were all looking at the screen. In addition, the use of TITs facilitated col-
laboration: at least two or three members of the team were engaged in the activity
by moving an object or helping the others move the objects. This is confirmed by the
words used by the subjects in the final survey such as “convivial” and “group work”,
that only appear for the TIT version. With Tabletops, only one or two team members
were engaged. With Tablets and Computers, the players would take turns playing the
levels and the others would often look away while they were waiting for their turn.

Learning
Each pre and post-test was analyzed to determine the instructions that had been done
correctly. The mean scores out of 100 for the pre-test was: TIT-14.00, Tabletop-15.42,
Tablet-13.86 and Computer-15.54. For the post-test: TIT-28.38, Tabletop-27.85,
Tablet-26.80 and Computer-26.85. The ANOVA test showed there was no significant
differences between progression of the four groups. However, if we analyze the
knowledge gain in each concept separately (bottom of Fig. 5), the subjects who used
TITs seemed to have significantly better results for the “Repeat loop”. The analysis of

Fig. 4. Subjects preferred version of TurtleTable
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the questionnaires also revealed that more subjects using TITs and Tabletops said
they had learned a lot in the survey (top of Fig. 5). In addition, the subjects qualified
the TIT version with adjectives such as “educational” and “instructive”, three times
more than the other versions.

5 Conclusion, Limitations and Perspectives

In this paper, we propose TurtleTable, a game that introduces the basic concepts of
computer programming. The game is made to be used in class, in teams of three to four.
It offers an original approach to apprehend the logic behind computer programming:
the players have to execute a program by moving objects on a grid. The game offers
real-time correction and a scoring mechanism that encourage players to take time to
discuss the next move with the others. In order to maximize motivation, collaboration
and learning, we designed TIT interactions: the students play by manipulating Tangible
objects on an Interactive Tabletop. The first test, lead with 59 middle school students,
was a success. In less than one hour, more than half of the students, with no prior
knowledge in algorithms, had mastered the concepts of variables and the repeat loops.
We developed four different versions of HCI (TIT, Tabletop, Tablet and Computer) to
compare their effect on motivation, collaboration and learning. Even though the pre-
liminary analysis did not show a significant increase in learning with TITs, this
interaction definitely facilitated collaboration among the group and was a factor of great
motivation.

Further analysis of the data collected during the test needs to be done. For example,
we did not take into account the fact that some students were sitting and others standing
when using the TIT and the Tabletop version of TurtleTable. In addition, we observed

Fig. 5. Objective and subjective data to measure knowledge gain
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interesting behavior that needs to be analyzed. For example, with the TIT version, the
students would rotate their bodies to help them turn the object in the right direction. We
are currently looking into standardized interaction analysis to annotate the hours of
videos collected during the teste. Finally, in order to test the effect of the size of the
workspace, we intent on developing another version of TurtleTable that works with
tangible objects on a tablet. We are looking into the possibility of painting the objects
with conductive paint so that they are recognized by the tablet.
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Abstract. This paper describes a learning-objective-centric workflow for
modifying (‘modding’) existing tabletop games for educational purposes. The
workflow combines existing research for serious games design with novel
systematic analysis techniques for learning and game mechanics and gameplay
loops to improve the understanding and rigour of the process. A detailed worked
example applies the workflow to the development of a serious tabletop game
with the educational goal of increasing knowledge and confidence of performing
postgraduate literature reviews. Systematic application of the workflow to a real
example supports the value of this approach and provides a useful template for
educators to follow for increasing the quality and feasibility of self-designed
serious games.

Keywords: Serious games � Board games � Modding � Game-based learning

1 Introduction

It is now well evidenced that games can be engaging and effective tools for education
but that the design of an intervention has as large an effect on success as the medium
[1] and that designing effective game-based learning solutions requires significant
expertise in both game-design and pedagogy [2]. Educational games which do not
successfully combine game design with learning design are ineffective in terms of
engagement, learning, or both (often known as a ‘spinach sundae’: a product which is
neither appealing nor good for you [3]). Furthermore, research into game-enhanced
learning demonstrates that the different characteristics of different games have dis-
cernible effects on the learning behaviours of players [4] and consequently on how well
the game achieves its educational purpose [1, 5]. In short, educational game design is
complex, resource intensive, and requires multiple interdisciplinary skillsets. Games
designed for digital platforms also need significant technical expertise and the resources
to support them. Despite these barriers, the well-documented advantages of game-
based learning (GBL) drive demand for games for learning, training, or behavioural
change (henceforth referred to as ‘serious games’) across a wide range of contexts
[6–8]. However, as evidence of the efficacy of GBL grows, the discipline gains new
advocates from a variety of backgrounds which increases the risk of GBL solutions
being designed and implemented in isolation of the expertise and resource contexts
necessary to make them effective. This paper presents a practical solution to the tension
between the growing desire for serious games amongst students and educators and the
barriers to effectively implementing them [9]. It is proposed that serious game design
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can be streamlined and made cost-effective, without the loss of either learning objec-
tives or game engagement and enjoyment, by developing educators’ skill in modifying
existing tabletop games.

1.1 Why Tabletop Games?

Tabletop games (e.g. board, card, and dice games) are under-represented in serious
games literature; in fact, many definitions inexplicably restrict the concept to digital
games. For clarity, this paper defines ‘games’ according to Juul’s six game features
(games have rules; variable, measurable outcomes with different values; players invest
effort and are attached to outcomes; and consequences are negotiable) [10] and ‘serious
games’ as games which have at least one characterizing goal as well as entertainment,
regardless of platform.

Clearly, delivery platform (like game mechanics) affects interaction and therefore
learning behaviours. Major advantages of digital games are their infinite repro-
ducibility, scalability, and remote digital accessibility. However, if this is not needed –

as is the case in some classroom delivery – the interaction behaviours of tabletop games
can make them much more appropriate to a wide range of teaching situations. Tabletop
interaction is kinaesthetic as well as mental, often involving players literally con-
structing maps, hands of cards, structures, or patterns on the game board where options
are explored and solutions reinforced by physical movement and positioning. Unlike
the typically isolated, human-computer-interaction gameplay of educational video
games, tabletop games are usually social experiences where players analyse, learn
from, and react to the strategies and actions of others. Furthermore, the educator is not
only present but an active facilitator when students play educational tabletop games –
allowing a more scaffolded learning experience that can be adapted on-the-fly to
players’ needs and also encourages further learning activities to take place in and
around the game context. Enhanced scaffolding has been shown to have a significant
improvement on acquisition of intended learning outcomes (ILOs) [1] and instructional
support during gameplay is recommended [11]. These characteristics of tabletop games
can increase the well-documented educational advantages of digital serious games,
particularly for understanding complex systems [12] and collaborative group approa-
ches [1] in tutorials or closely guided classroom contexts.

Furthermore, a common misconception that digital games are inherently engaging
and motivating for learners is not supported by evidence. Even well-designed digital
serious games can be disengaging, even intimidating, for some learners [7, 13] (par-
ticularly in Higher Education [14]) and there is evidence of lack of confidence for
teachers using digital serious games, as learning to facilitate the game requires non-
trivial additional expertise [13, 15]. This barrier is reduced (albeit not eliminated) for
tabletop games, partly due to their lack of technological interface but also because rules
and components are explicit and transparent [12]. Technical barriers to engagement
should not be underestimated in educational settings. Not only do computer games
require hardware, software, power, and often network connections to run at all (in-
frastructure that is often assumed but rarely smooth for educators to implement [13]),
many digital serious games struggle to satisfy the user expectations created by the
commercial game industry [13].

Modding Tabletop Games for Education 319



Finally, tabletop games require no programming skill and can be relatively quick
and cheap to develop. This makes them considerably more achievable for educators
who have games experience but limited time and money to devote to designing GBL
activities. Nevertheless, for tabletop GBL to be successful, it still requires considerable
pedagogical and game design expertise. This is the challenge this paper addresses.

1.2 Why Mod?

Flexibility and customisability are key features of tabletop games that can increase
enjoyment [16] and potentially learning. The conceptual approach here assumes that
pedagogy experts have familiarity with games, the desire to create GBL activities for
their students, but not necessarily any applied game design expertise. It is concentrated
on three principles:

1. Educators could focus on adapting (‘modding’) existing tabletop games, instead of
creating a game from scratch. This approach reduces the game design expertise
required (modding skill relies on recognizing/adapting rather than
conceiving/designing appropriate game mechanics) and eliminates the need for
lengthy testing, as the game being adapted is already commercially successful. Of
course, adaptations for learning will still require evaluation and it is important to
acknowledge that game literacy is important as misrecognition of game mechanics
may impair learning. However, modding markedly reduces the expertise and
resources required to produce an effective serious game.

2. Serious game design is made more manageable by adapting previous processes and
workflows, concentrating on modding. This provides robust design principles that
are easy to understand and follow, whilst also giving educators the framework for
the baseline skills required for serious game design and a context for improvement.

3. The incorporation of analysis techniques that can be relatively easily understood
and applied allows pedagogy experts to swiftly gain the minimum expertise nec-
essary to produce and implement a serious game without too onerous a demand on
their time.

The remainder of this paper presents a workflow for serious game modding, aimed
at educators with some experience of GBL, which is critically applied via a worked
example (identified as important for understanding [9, 15]). The game developed
elucidates the process for a particular, real-world educational setting; increasing
knowledge and confidence for Higher Education students about to undertake a litera-
ture review.

2 Workflow for Serious Game Modding

Figure 1 shows a workflow for effectively modding tabletop games for educational
contexts. This workflow synthesises previous serious game development models [4, 5,
17–19], incorporating guidelines aimed at educators [13, 20], with a particular focus on
tabletop GBL [6] and modding [12]. It further enhances previous research by cate-
gorising the steps by pedagogic and/or game design expertise and including gameplay
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loop analysis [21] as a method to map learning mechanics to game mechanics [22] in
order to inform both choice and adaptation of games. Each step is described below.

Define Learning Outcomes
The first (and most important) step is to define the overall purpose of the activity in
terms of its intended learning outcomes (ILOs): i.e. what knowledge or understanding
should be improved after playing? This may seem obvious but is worth making explicit
that ILOs should be clearly defined and kept in mind throughout the design process. If
this step is taken for granted, or subsumed into game design, it is likely that the game
will either not be effective, or will teach something other than the lessons intended.
This primary and central position of ILOs reflects previous research cited above.

Analyse Context and Define Learning Behaviours
The next, concurrent, steps are to consider the learning and teaching context and to
define the intended learning behaviours [4, 17, 23]. Too often games are developed in
isolation of their context and not enough thought is given to how they will be effectively
integrated into teaching and learning practice [13, 17]. Is the game intended for quiet,
independent study or will it be deployed in a classroom of 30 children? Will it be played
once or repeated? Will players compete or co-operate? Who will lead the game and
support the learning? A common mistake in designing serious games is to default to a
‘question and answer’ model, familiar to educators from quizzes and simple trivia
games. This is perfect for demonstrating existing knowledge but ineffective for learning
new information [5]. Therefore, if ILOs are centred around memorisation, the learning
mode is behaviourist ‘drill and practice’, and the context is independent home study, a
digital game with strong extrinsic rewards, high interest and replayability, or both, could
be an effective solution [11, 24]. Conversely, if ILOs rely on collaborative, constructivist

Fig. 1. Workflow for modding existing games for educational purposes
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learning behaviours and the context is a one-hour tutorial for postgraduates, this will
require very different gameplay to achieve best results [23]. Understanding how as well
as what the students are expected to learn is crucial to informing all the game design
steps that follow. A useful guide for GBL novices can be found at [20].

Select Potential Games
Next, create a shortlist of games that have potential for delivering the ILOs defined, in
the way that fits the learning situation. For educators with limited experience of games,
this can be daunting, however it arises directly from the analysis of the learning
behaviours and situation and becomes easier as modders increase their game literacy
[12]. Broadly speaking, modders should consider the overall metaphor for the game as
indicated by the learning behaviours, for example, collaborative problem-solving,
competitive race, resource management, creative interpretation, or map-building. To
then shortlist suitable games it is useful to use published classification systems such as
the Gameplay/Purpose/Scope model [25], fan-produced tabletop game taxonomies1

and (not to be overlooked) one’s own experience and recommendations. It is also
recommended for educators to involve their students in the design stage, as much as is
possible, not only for acceptance but students themselves may have valuable insights.
Importantly, the overall game format should arise from learning behaviours and con-
text, not the subject matter. Whilst it may be tempting to search for games with similar
content to the ILOs, it is the underlying game mechanics that support learning and there
arises a risk that the game ‘skin’ (i.e. theme/narrative) will distract from the actual
pedagogic goals.

Gameplay Loop Analysis, Identification of Learning Points, Game Selection
Gameplay refers to players interacting with the game and here explicitly includes
cognition as well as physical actions influencing the game world. The gameplay loop
follows Guardiola’s definition [21] and builds on his pedagogic method: the loops
represent gameplay as linked actions. This process breaks down and describes every
game interaction, allowing educators to consider the types of behaviours involved and
map them to learning behaviours. This stage is more easily understood using the
worked example (Fig. 2), however the basic steps for analysis are as follows. Firstly,
play the game. Whilst aspects of gameplay loops can be discerned from reading the
rules, it is necessary to gain a more holistic understanding through play as this includes
social and emotional elements of gameplay. Next, map the gameplay loops as a
flowchart at a macro level, identifying In Game and Out Game actions [21] i.e. actions
that have an immediate, measurable effect in the game such as moving a piece, and
those that do not such as chatting to other players. As much as is productive, expand
each sub-loop and categorise the types of interactions using an established concept map
such as the Game Mechanic – Learning Mechanic framework [22]. This allows the
identification of learning mechanics that happen in and between each interaction (not
forgetting Out Game actions, where important scaffolding and metacognition takes
place). Finally, highlight points that would easily support additional learning

1 E.g. https://boardgamegeek.com/thread/581158/alternative-classification-board-games-long; https://
www.boardgamegeek.com/image/3613899/rouie-a.
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mechanics, even when not currently present in gameplay. Based on these analyses, it is
possible to see which games have the mechanics that best support the learning beha-
viours desired (or, to demonstrate that games do not support the overall purpose, in
which case it may be necessary to return to the shortlisting stage or elect instead to
create the game from scratch).

Modification for Learning
If analysis shows that all learning mechanics are already present and the game’s theme
can be mapped directly to the stated ILOs, modifying a game could be as simple as
changing the theme content (‘reskinning’). However, it is more likely that game
mechanics will need to be added to or altered to enable or reinforce the desired learning
mechanics and players’ exposure to learning material (content) during gameplay.
A simple example is creating a trivia game by adding ‘question and answer’ interaction
which acts as a gateway to progression. Whilst this ‘quiz’ approach can be very
effective for certain ILOs, it has limitations [5] whereas gameplay with intrinsically
integrated learning content can be more effective for learning and motivation [26].
Therefore care should be taken to, where fruitful, embed learning mechanics into the
core of gameplay without disrupting the overall game. In general, once gameplay
satisfies the ILOs, context and behaviours defined, game mechanics should be altered
as little as possible as every change affects the game system and balance and could lead
to unwanted emergent behaviours or even risk undermining the ILOs.

Fig. 2. Gameplay loop analysis of Meeple Circus, using an extension of the LM-GM model
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Testing and Implementation
The modded game should be iteratively tested and improved to ensure firstly that the
modifications have not ‘broken’ the game and, crucially, that the game does impart the
ILOs stated. Then the game can be implemented in context.

3 Worked Example: A Game to Teach Literature Review
Skills

The serious game in this example arose directly from a practical problem: students on a
postgraduate Research Skills course are required to learn how to perform a literature
review but many lacked confidence and knowledge of how to begin and felt over-
whelmed by the scale of this complex process, which impaired their learning. This
pedagogic ‘vertigo’ can be very fruitfully mirrored and addressed by tabletop games.
Whilst it is usually recommended to minimise learning about the game in order to
maximise learning through the game [27], games systems can model larger complex
systems and “when the sim dissolves the player’s game vertigo, it also dissolves his
system vertigo about the large and complex system that the sim is modelling.” [12]
Therefore, a GBL approach was chosen to reflect the process of undertaking a literature
review and to diffuse students’ trepidation about starting this large and complex task.

Intended Learning Outcomes
Intended learning (and attitudinal) outcomes were defined as follows. After playing the
game, students should: Understand the basic principles of searching, evaluating, and
assimilating research sources; Be able to identify different types of source and
understand when they are most useful; Be able to describe techniques for choosing
sources and deciding what to read; Recognise that evaluation of sources has a time cost,
but saves time and improves quality overall; Understand that literature search and
review requires iterative refocussing and describe techniques for refining searches, and;
Feel more relaxed and confident about the literature search and review process.

Teaching and Learning Context
Implementation is within a postgraduate tutorial context, therefore a face-to-face,
instructor-supported tabletop game is suitable. Student numbers exceed 30 therefore the
game should either be simple enough to not require direct supervision or engaging
enough to maintain interest and learning as a spectator. An alternative is to implement
the game with smaller groups in turn whilst the rest of the class are engaged in a
different activity, requiring the game to be relatively short duration. Supporting smaller
groups of players is an acknowledged limitation of non-digital tabletop games with
implications for educators that must be considered.

Learning Behaviours
Learning behaviours were defined to mirror the real-life task of performing a literature
review: exploratory, discovering, constructivist, independent, selective,
refining/refocussing, consolidating, and non-linear. Overall comprehension of the
process is more important than learning specific facts, therefore repetition is focussed

324 D. Abbott



on refining understanding, not memorisation. Due to students feeling overwhelmed, it
is also important to ‘drip feed’ content, using a Cascading Information learning
mechanic [22].

Shortlist Games
Games were shortlisted based on a strategic construction overall mechanic (as a
metaphor for exploring and constructing an understanding of a research topic through a
literature review), including elements of selection and matching (representing selection
of sources to match research topic), and repetition for both consolidation of
knowledge/understanding and refining. Five games were shortlisted using BoardGa-
meGeek’s taxonomy and personal recommendations: Blueprints, Meeple Circus, Best
Treehouse Ever, Junk Art, and Rhino Hero.2 All five games involve literally con-
structing something and for four games, Dexterity is a core mechanic meaning game
tokens are played thoughtfully and carefully. All are competitive (with the exception of
one of the minigames within Junk Art), however in all cases except Rhino Hero,
competition is via scoring each player’s own structure rather than directly interfering
with opponents’ structures. All games except Rhino Hero explicitly involve repetition
and Cascading Information is core to Meeple Circus and Best Treehouse Ever.

Gameplay Loop Analysis and Selection
Guided by the literature, gameplay loops were produced for each shortlisted game
(including every minigame within Junk Art) and points of learning (and potential
learning) were identified. This allowed a rigorous parity of comparison between each
game.

Rhino Hero was rejected first as the lose condition is binary – when the tower
collapses, the game ends for everybody – this halts learning. Analysis showed that this
game relies heavily on Dexterity and Press Your Luck mechanics which were difficult
to imagine being intrinsically integrated with the ILOs, and learning mechanics are
restricted to planning which cards to use against your opponents. However, its sim-
plicity, linearity, and quick repeatability would be highly appropriate for lower-order
ILOs related to literature review, especially as the folded cards are reminiscent of
books.

Junk Art was also rejected. Whilst several of the minigames were highly appro-
priate for the fictional context of performing a literature review, token design made
balancing pieces more difficult which, considered alongside the core role of fallen
pieces in most of the minigames’ exit conditions and scoring, was felt to not contribute
to the learning behaviours effectively. A further reason was that scoring rewards and
penalties are explicitly comparative (e.g. who has the tallest sculpture and/or most
fallen tokens), whereas the scoring of the remaining three games focusses more on how
well each individual construction matches external scoring conditions. The latter sit-
uation was judged to be more appropriate to the literature review metaphor.

2 https://www.zmangames.com/en/products/blueprints/; http://www.matagot.com/en/catalog/details/
family-games/3/meeple-circus/894; http://www.greencouchgames.com/besttreehouseever; http://
www.pretzelgames.com/en/home/21-junk-art.html; http://www.habausa.com/rhino-hero/.

Modding Tabletop Games for Education 325

https://www.zmangames.com/en/products/blueprints/
http://www.matagot.com/en/catalog/details/family-games/3/meeple-circus/894
http://www.matagot.com/en/catalog/details/family-games/3/meeple-circus/894
http://www.greencouchgames.com/besttreehouseever
http://www.pretzelgames.com/en/home/21-junk-art.html
http://www.pretzelgames.com/en/home/21-junk-art.html
http://www.habausa.com/rhino-hero/


Blueprints, Meeple Circus, and Best Treehouse Ever were all suitable for modding
for the ILOs and context defined. All three use repetition, strategic selection and
management of resources, strategic placement of tokens/tiles in the overall construc-
tion, followed by a scoring phase which allows assessment, feedback, and reflection for
players. Furthermore, all three involve design for pattern matching with strategic ele-
ments. Meeple Circus uses an elegant Cascading Information mechanic via game
Levels to gently introduce complexity, thereby reducing game vertigo whilst also
acting as a highly appropriate metaphor for the iterative refining process of exploring a
research topic. Furthermore, overall its rules were felt to be simpler than the other two
games, therefore Meeple Circus (Fig. 2) was selected as the game to be modded.

Mod Game to Increase Learning
The first step was to change the theme to match the learning situation. Instead of
creating a circus performance, players are building their knowledge of a research area
by finding, reading, and synthesising literature and other research sources. Strategic
selection of game tokens becomes searching and evaluating sources, placing tokens in
the structure represents understanding and synthesising knowledge, matching acrobatic
feats becomes closeness of fit to the research question being investigated, and scoring
indicates the quality of the literature review. In this way, the game functions as a
simulation, allowing players to both identify with the content and generalise it to their
individual situations (Fig. 2).

Care was taken when conceptually ‘reskinning’ the game to map components to
ILOs which are supported by the game rules, particularly the scoring system. For
example, a blue acrobat represents baseline knowledge sources used when starting a
literature search – because it scores points for touching the ground it is much more
useful in the first round than a red acrobat, which represents innovation and originality
and scores highly in later rounds. ‘Audience demand’ cards score when a player
matches their pattern – this represents the student’s current use of sources to understand
their research area – and changes between rounds, making it an excellent metaphor for
iteratively developing an understanding of a specific topic. The change in game theme
requires explanation to students, therefore an Instruction learning mechanic is required
in the Select and Build phases.

The next step was to evaluate how well the reskinned game matches the ILOs.
Each ILO was mapped to existing game mechanics to assess whether it was delivered.
Where not effectively achieved, additional learning and/or game mechanics were
devised using the points of potential learning already identified in the gameplay loop
analysis. Additional game mechanics were required to deliver the Instruction,
Question/Answer and Consolidate learning mechanic potential. To ensure all ILOs
were satisfied, the following rules were added:

1. When taking any component, players must first draw the appropriate card for that
component from the new deck of Instruction cards and read out the fact/tip to the
group. Cards contain ideas for sources of this particular type, and techniques for
evaluating sources and deciding what (and what not) to read. This builds knowledge
which can be later demonstrated or discussed in ‘out game’ learning activities with
direct relevance to the student’s particular subject domain.
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2. After component selection, players have the option of receiving a generic extra
component (such as a 6-sided die) or of swapping one of their existing components
for one of their choice (after considering a question from a new deck of Evaluate
cards). This mechanic creates active engagement with the techniques of rigorous
evaluation of sources. However, this mechanic in particular needed to be tested to
ensure that swapping leads to higher scores than accepting the generic component.

3. During the ‘swap demand card’ phase, the two (as opposed to one) players with the
lowest score can swap an ‘audience demand’ card. To do this each must read out a
card from the new deck of Refine and Focus cards. This increases emphasis on
techniques for refining and focussing research questions.

4. The final round contains performative ‘challenge’ cards. These cards were altered to
allow players to demonstrate knowledge about specific aspects of the literature
review process, as well as learning from each other. They move cognitive processes
explicitly into the active mode by prompting recall, analysis, or interpretation of
game content.

5. Finally, the name of the game was changed to On the Shoulders of Giants (Fig. 3).

On the Shoulders of Giants was then informally tested with small numbers of
students and staff who teach research skills and feedback on gameplay and the content
and phrasing of learning cards was incorporated. No major changes were required.

4 Conclusion and Next Steps

This worked example of the development of a tabletop serious game shows the value of
using a robust design workflow to modify an existing tabletop game. Reflection on the
process demonstrates that close analysis using the LM-GM model, combined with

Fig. 3. Gameplay loop analysis of On the Shoulders of Giants: educational mod of Meeple
Circus
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gameplay loops, allows the identification of particular points within gameplay where
educational content can be integrated to match the game’s content to defined ILOs.
This makes the process of game design significantly easier and more rigorous, espe-
cially for modders who do not necessarily already have a high level of game literacy.

Further steps are to formally evaluate this game with a larger cohort of students in
order to demonstrate whether or not it is effective at delivering the ILOs and attitude
change defined. Another avenue for future research would be to test this workflow with
educators who have limited experience of game design, to establish if their experience
supports the hypothesis that serious game design can be achievable (albeit still chal-
lenging) by analysing and modding tabletop games in a systematic and rigorous way.

Finally, incorporating feedback from the serious games research community has the
potential to further improve and potentially streamline this workflow to increase its
efficacy and ease of use.

Game rules and further information about this research is available at http://blog.
gsofasimvis.com/index.php/research/games/.
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Abstract. In this paper we present HPGE, an Haptic Plugin for Game
Engines. Based on CHAI3D, it aims at providing an easy way to integrate
haptics in game engines. HPGE provides C and C# bindings to be usable
with almost any game engine or software. In addition, HPGE provides
Unity3D C# scripts to facilitate the integration with Unity3D. Thanks
to this plugin, it is possible to take advantage of the CHAI3D force-
rendering algorithms and Unity3D Graphical User Interfaces to develop
serious games. The paper goes through the requirements of such plugin,
the issues that need to be addressed, to conclude with a description of
the implementation and usage of the plugin.

1 Introduction

Serious Games are games whose primary purpose is to integrate educational
objectives with specific evidence-based game mechanics known to support learn-
ing and its generalization [6,9]. A motivation for using haptic feedback in games
with educational purposes is that sensory-motor experience and active explo-
ration is beneficial for learning. This insight has been conceptualized in vari-
ous theoretical frameworks, such as Constructivism and Embodied Cognition.
Moreover, various Virtual Reality applications with force-feedback devices have
shown promising results (review in [4]). The development of these applications
is however hampered by the lack of easy-to-use tools to integrate force-feedback
devices: a problem that the haptic plugin for game engines (HPGE) presented
in this paper tries to address.

Haptics (from Greek aptikos, “suitable for touch”) combines touch and
manipulation. As a sensory modality, it includes the sense of touch based on
skin receptors and proprioception (i.e. the sense of movement and force) based
on muscle and joint receptors [10]. The generic term haptic devices refers to
devices whose aim is to provide haptic sensations. Haptic devices can be divided
in force-feedback devices interacting primarily with the proprioceptive system
and tactile devices interacting primarily with the tactile system.
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While games tend to privilege visual and audio sensory modalities, haptics is
not completely neglected. In fact, common games controllers like the Nintendo
Switch, Sony Playstation and Microsoft Xbox are able to produce vibro-tactile
feedback.

However, games typically don’t integrate force-feedback devices for two pos-
sible reasons. The first reason is the lack of low-cost force-feedback devices
although this obstacle could in principle be overcome if a market and appli-
cations could support manufacturers. As a matter of fact, various low-cost force-
feedback devices were commercially available in the past, such as Microsoft 2D
SideWinder joystick and the Novint’s Falcon, a 3D force-feedback device with
a price below $250. The second reason is the complexity and hard real-time
constraints of the control algorithms needed to simulate contact with virtual
objects with a force-feedback device. For this reason, applications involving hap-
tic devices are typically realized with specialized software libraries.

This paper is organized as follows. First, we review the requirements and
characteristics of software libraries that are typically used to develop applica-
tions with a force-feedback device and explain some major differences with game
engines. Then, we describe the architecture of the plugin and some issues that
need to be addressed. Finally, we conclude by describing briefly some applica-
tions that were implemented with the HPGE plugin and discuss some of its
limits.

1.1 Haptic Rendering Software

Haptic rendering allows users to feel objects haptically in a virtual environ-
ment [14]. It is the process that allows a computer to display a force through
an haptic device [15]. Just like computer graphics, the user must specify what
to render and how to render it. Depending on the type of rendering needed,
different kinds of information about the objects’ properties is required like their
shape, texture or elastic properties.

Haptic rendering algorithms work by updating the haptic device position
and orientation in space, by detecting an eventual collision between the device
and virtual objects in the haptic scene, and then by computing the appropriate
response to the collision (e.g. to push the device outside of the virtual object) [3].
Crucially, the force-rendering must be computed and updated at high frequency
(>1 kHz) to avoid vibrations and ensure the stability of the interaction.

Various high-level haptic libraries are available (review in [11]). For the
HPGE plugin, we choose CHAI3D [7] for a variety of reasons. First, CHAI3D
is free and open source (revised BSD License). Second, CHAI3D supports a
wide range of devices. Third, CHAI3D implements complex force-rendering algo-
rithms. In particular, it is almost alone in having built-in support for haptic
texture rendering. Finally, it has features such as hierarchical scene graph that
are similar to ones defined in Unity3D, making it easier to mirror Unity3D scene
in the plugin (see Sect. 2.3).
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1.2 Game Engines

Game engines are software development environments designed to build com-
puter games. While there are some similarities with haptic libraries that are
used to develop applications with force-feedback devices (see Sect. 1.1), they
also differ in important ways [12].

First, game engines such as Unity3D1 or Unreal2 provide advanced tools
to write stories, animate characters and interact with users. Although game
engines don’t support force-feedback devices in a standard way (but see [8]),
they support numerous other devices, such as motion trackers and head mounted
displays. Second, game engines have typically more advanced graphical and audio
capabilities than haptic software. Third, much of the application and/or game
development can be done via a Graphical User Interface (GUI), speeding up the
development time by avoiding tedious coding of low-level features. In contrast,
haptic Software Development Kits (SDKs) provide much less tools to develop
applications and no Integrated Development Environment (IDE). Finally, the
community of developers for game engines is one or two orders of magnitude
larger than the community of haptic device users.

For all these reasons, using a game engine to develop haptic-based applica-
tions and games would be a considerable benefit. However, connecting a force-
feedback device to a game engine is challenging because of the complex algo-
rithms that need to be implemented to simulate contact with virtual objects
and the hard real-time constraints described in Sect. 1.1. In fact, to our knowl-
edge, games engines have never been used to develop haptic based Virtual Reality
applications for educational purposes (see [4]). To address this issue, the HPGE
library comes with special scripts to integrate the haptic plugin in Unity3D.

Unity3D is a proprietary cross-platform game creation system with a very
large developer basis. Its Personal edition is free to use for non-commercial appli-
cations. Its Integrated Development Environment allows a user to develop the
game using built-in tools and the programming language C#. Physical simulation
are performed using PhysX, a C++ physics engine developed by NVIDIA that
can take advantage hardware capabilities of the graphical card.

2 Plugin Description

2.1 Objectives

The main objective of HPGE is to provide an easy way for the game developer to
integrate a force-feedback device, with the final aim to increase the number of
serious games that take advantage of haptic feedback.

While HPGE includes scripts for Unity3D integration, a secondary objective
was to design the plugin so that it can be inter-operable with other game engines.

1 unity3d.com.
2 unrealengine.com.

http://unity3d.com
http://unrealengine.com
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2.2 Features

The range of applications and user experiences that a game might provide via
the haptic plugin and device is very large. For example, the haptic plugin might
allow the user to touch virtual objects, explore their shapes and feel the prop-
erties of their surfaces (e.g., stiffness, friction or texture). In addition, the force-
feedback device can also be used as 3D (position) or 6D (position and rotation)
input device to draw in space and to move or rotate objects for example. Some
applications are described in Sect. 3.

Fig. 1. HPGE haptic rendering parameters

Drag-and-Drop Support. For the game developer, the plugin provides scripts
that can be dragged-and-dropped on GameObject in Unity3D IDE to make
them touchable (see Sect. 2.4).

Graphical User Interface. All parameters of CHAI3D force rendering algo-
rithm can be modified from the Unity3D GUI (see Fig. 1).

Haptic Textures. CHAI3D implements a haptic texture rendering algorithm,
which modifies the force experienced when one explores the surface of an
haptic object. It is possible to define the haptic texture by associating a
bitmap image in Unity3D IDE to the object as well as to dissociate haptic
and visual textures.

Custom Haptic Force-Feedback. The library provides a hook function that is
called in the main haptic loop to define a custom haptic effect. The hook func-
tion can be used to compute the desired force as a function of the position
and the velocity of the device, which are passed as parameters. In this
manner, a custom haptic effect can be defined without having to modify the
haptic plugin.
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Device Logging. A logging mechanism allows the developer to save the posi-
tion, velocity and force applied by the tool at the frequency of the haptic loop
(typically 1 kHz). This makes it possible and easy to analyze the behavior of
the user and the quality of interaction off-line.

2.3 Integration Principle

The integration between Unity3D and CHAI3D happens by duplicating part of
Unity3D world into the haptic plugin (see Fig. 2). Such a duplication is necessary
because the force-feedback must be computed at a high frequency to insure
stability, which is done by a dedicated thread running at 1 kHz in the plugin.
The position of the objects in CHAI3D haptic scene used to compute the force-
feedback and the position of the GameObject representing the tool are updated
at a lower frequency (see Sect. 2.4).

Game Engine Haptic Plug-In

Get Tool 
Position

Main Loop & 
callback functions

Force computation

Visual Rendering

World

X

Y

Z

Set Object 
Positions

Force Rendering 
Algorithms

Haptic
Scene

X

Y

Z

Set Force

Get Position

Spatial 
Transformations

1 kHz60 Hz

Fig. 2. Unity3D (left) left-handed vs CHAI3D (right) right-handed world coordinate
systems

The haptic scene inside the haptic plugin is created automatically when the
Touchable scripts is attached to a GameObject in Unity3D. Information about
the object geometry is recovered from the Unity GameObjects and automatically
transmitted to CHAI3D to create a mirror object.

Static Scenes. Static scenes are scenes where the objects do not move. This
is the simplest scenario for haptic rendering. In this case, force rendering
depends only on the movement of the user on the touchable objects. For
visualization purposes, the position of device is automatically updated in
Unity3D.

Animated Scenes. Animated scenes are scenes where touchable objects are
moved by Unity3D in a manner that is independent from the interaction
force applied to the object. In other words, animated scenes do not involve
physical simulation besides the contact between the user and the touchable



HPGE: An Haptic Plugin for Game Engines 335

object. In these scenes, the object position that is computed by Unity must
be communicated to the haptic plugin. We discuss this case in more details
in the next section.

Interactive Scenes. Interactive scenes involve scenarios with physical simula-
tions where the action of the user has a dynamic effect on the motion of the
objects.

2.4 Implementation

Architecture. To make the haptic plugin compatible with different game
engines and software, we adopted a layered architecture for HPGE (see Fig. 3).

Fig. 3. Architecture details of the integration between HPGE and Unity3D. Names on
the left upper corner are the filenames

– At the lowest level, cHPGE is a C library that wraps a light-weight version of
CHAI3D where unnecessary dependencies (OpenGL, OpenAL and Theora)
have been removed. The removal of unneeded dependencies reduces the size
of the library, making it possible to compile and run it even on an Android
device.

– HapticNativePlugin.cs is a C# wrapper that uses only C# data types in
order to allow any C# program to use the library. This layer handles the
conversion between native and managed code.

– The layers above are specific to Unit3D. UnityHaptics.cs take advantage of
Unity3D data types to simplify the C# API.

– At the highest level, the HPGE library contain several scripts that extend the
MonoBehaviour Unity3D class (see Sect. 2.4).
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Unity3D Scripts. This section provides some information about the C# scripts
that have been developed specifically for the integration of the haptic plugin in
Unity3D3. As mentioned in Sect. 2.2, game developers can drag-and-drop these
scripts on Unity3D GameObjects to endow them with haptic properties:

– HapticTool.cs is required and must be associated with a Sphere GameObject
representing the haptic device in the game (another GameObject with a differ-
ent shape can be attached to the sphere in Unity3D for visualization purposes
if desired).

– HapticMesh.cs can be applied to any GameObject with a mesh. The object
is rendered with CHAI3D implementation of the Finger Proxy Algorithm [2].
The algorithm is suited for complex 3D shapes but it is computationally
expensive.

– HapticShape.cs can be applied to simple shapes such as the Unity3D Box
or Sphere GameObjects. The surface of those objects is rendered by CHAI3D
using a simple Penalty method. The advantages of this method is that it is
computationally cheap and that more haptic effects are available, including
Magnet and volumetric effects (like Viscosity, Vibrations and StickSlip). How-
ever, the method is not indicated for thin objects because the tool might pop
through them.

The position and orientation of the tool is automatically updated when the
user moves the device. To configure touchable objects, it is possible to change
the material properties of the surface via Unity IDE (see Fig. 1). The haptic
parameters are updated on-the-fly, also when the game is running, which allows
fast prototyping.

Interoperability. The plugin encapsulates CHAI3D haptic scene and all force
rendering computation inside a dynamic library with C bindings (see Fig. 2).
Moreover, all spatial transformations between the game engine and the hap-
tic device coordinate systems are implemented at this level. The C API allows
one to manage the haptic scene that is used by the plugin to simulate contact
with virtual objects without having to deal with real-time constraint explicitly.
Keeping all crucial computation in the lowest level of the plugin and the choice
of a C API make the integration with all sort software particularly easy4. For
example, we have used Python and Julia to control the haptic device and test
the plugin during its development. In principle, one might call plugin functions
from Unreal C++ scripts to create new Component classes that can dropped on
any Actor like the previously described C# scripts used in Unity3D to endow
GameObjects with haptic properties.

Object Position Updating. Scenarios with moving objects (Animated
Scenes) can present difficulties if the user is touching the object at the same

3 https://www.youtube.com/watch?v=HVYiBpmMfeM.
4 https://rosettacode.org/wiki/Call a function in a shared library#C.23.

https://www.youtube.com/watch?v=HVYiBpmMfeM
https://rosettacode.org/wiki/Call_a_function_in_a_shared_library#C.23
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time or if the object moves to a new position that englobes the tool. In both
cases, the movement might result in an abrupt change of the tool position with
respect to surface of the object, which leads to an abrupt change in the interac-
tion force. The problem is particularly acute if the object stiffness is high.

This problem can however be mitigated by minimizing the size of the instan-
taneous displacements or, equivalently, by increasing the frequency at which the
position is updated. In Unity3D, the Update callback is called once per visual
frame and runs typically at 60Hz (which corresponds to 16.7ms period), which
is relatively slow for a quick object displacement. In principle, the FixedUpdate
can be called several times for each Update callback. To be able to take advan-
tage of this possibility, the object (and tool) position in HPGE is updated inside
the FixedUpdate callback. The frequency of the Update and FixedUpdate can
be controlled by Unity3D Time Manager parameters.

Another (complementary) approach is to smooth the changes of the position.
This second approach was also implemented in the haptic plugin by interpolating
the object position between the actual position and the new position over a user-
settable time period. This approach has the effect of slightly delaying the change
of position but can be used with relative slow update rates.

Fig. 4. Left: Balloon Game. The objective is to pop the balloons in order to acquire
familiarity with the 3D space and the haptic device. Right: SpaceShape Game. The
game is divided in two phases: in the first one the children has to open all the cube
faces and get rocket pieces hidden inside. The second part consists on assembling the
rocket.

3 Conclusions

The plugin has already been used in several applications. First, the haptic plu-
gin has been used into two serious games that have been developed to teach
geometry to children (Screenshots in Fig. 4), in collaboration with game devel-
opers (LearnTPM5) for the weDRAW project6. For example, in the HapticShape
game, the haptic plugin allows the child to touch the cube haptically inside
and outside, as well as the rocket parts that must be assembled. We also used
Unity3D with the haptic plugin to perform a psychophysical experiment on the
5 learntpm.com.
6 https://www.wedraw.eu/.

http://learntpm.com
https://www.wedraw.eu/
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haptic perception of textures [1]. In this latter study, we explored the percep-
tual effects of CHAI3D parameters that control texture rendering to identify the
most important ones. Besides educational applications, low-cost force-feedback
devices might also be used in rehabilitation applications [5,13,16].

The HPGE library has currently some disadvantages and limits. First, the
choice of using a haptic plugin entails some duplication between the game engine
and the haptic plugin. In particular, there is a memory cost in duplicating
the objects in the game engine and the plugin. Also, some computation such
as detecting a collision between the tool and the objects are duplicated (done
independently in Unity3D and in the library) if a Collider is associated with
Unity3D GameObjects.

Second, the scenarios involving physical simulations (i.e., Interactive Scenes,
see Sect. 2.4) are particularly challenging. The problem is fundamentally linked
to HPGE integration principles, where the object position is updated by
Unity3D, which requires that physical simulations be also run in Unity3D. In
order to allow the user to interact physically with the virtual object, it is nec-
essary to add the interaction force to the simulation. While Unity3D provides
ways for doing it, preliminary experiments have revealed that the these scenarios
are hard to implement satisfactorily.

Until the plugin is publicly released, people interested in evaluating it might
contact the authors.

Acknowledgments. This work has received funding from the European Union’s Hori-
zon 2020 Research and Innovation Programme under Grant Agreement No. 732391
(weDRAW Project).
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Abstract. Gamifying learning is a challenging task assuming holistic thinking
about the learning experience rather than focusing on specific game elements.
Part of the challenges in this task stem from the fact that gamification represents
a class of systems combining utilitarian and hedonic benefits. In addition, there
is a lack of appropriate tools supporting gamification of learning. To bridge this
gap, we developed OneUp, a course gamification platform. This paper examines
the challenges associated with gamifying learning along with OneUp’s support
for overcoming them. It also presents a preliminary study of the impact of
utilitarian and hedonic values in the context of a gamified Data Structures
course.

1 Introduction

Gamification in education refers to the enrichment of learning environments with game
design elements in order to reinforce desired behaviors through experiences typical of
games. Although gamification has been actively explored in education, as evident from
the fast growing number of gamification systems and related publications [1], it still
faces a lack of sufficient empirical evidence confirming its benefits in educational
contexts as well as of practical methods for its design and implementation [2]. There
are no commonly accepted theoretical frameworks or general principles on how to
apply gamification strategies to specific learning situations. This is not surprising, since
gamifying learning is a complex task - it involves combining utilitarian benefits, such
as learning efficacy, and hedonic benefits, such as enjoyment, in a single system.

Creating a gamified course fitting a particular course structure aligned with the
vision of the course designer can be time-consuming and design limited without
supporting tools. In addition, gamifying learning “from scratch” often requires some
software development skills that many instructors lack. This entails a need for
appropriate tools to support learning gamification. One possible solution is to bring
educational gamification development closer to the educators, allowing them to realize
their own approaches to gamified learning and experiment with them autonomously.
However, our study [3] confirmed that there is a dearth of appropriate tools to support
comprehensive gamification of learning, particularly in higher education. In addition,
reports on how to gamify learning and, in particular, skill-based learning are scarce. To
bridge this gap we developed OneUp Learning, a course gamification platform [3].
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In this paper we examine challenges associated with gamifying learning. We also
describe OneUp’s support for overcoming them. Further, we present a preliminary
evaluation of the impact of utilitarian and hedonic values in the context of a gamified
Data Structures course.

2 OneUp: A Platform for Gamifying Learning Activities

The analysis of the current state of educational gamification and the barriers for its
growth motivated us to develop OneUp Learning, an educational gamification platform
aimed at facilitating the gamification of academic courses/learning activities and fos-
tering experimental research on gamifying learning [3]. The main functionality of the
platform includes: (1) support for instructors to integrate game design principles and
mechanics in the instructional methods they use in their courses, (2) authoring of static
and dynamic problems, and (3) learning analytics and visualization to inform students
and instructors of the student performance and progress throughout the course. The
platform enables instructors to define course activities and create exercises for prac-
ticing and self-assessment and quizzes or exams for testing knowledge and skills.
Learning activities are supported by OneUp with immediate feedback including
detailed progress information and possibly some kind of reward (e.g. badges or virtual
currency).

The platform is highly configurable and enables tailoring gamification features to
meet the vision of the instructor. Its configuration includes two parts: one related to the
course structure and another to the gamification features to be used in the particular
course. The course configuration includes specifying the course topical structure, the
learning objectives (skills) targeted in the course, and the milestones and activities
planned for the course (with their corresponding points), but none of these is required.
The gamification related configuration includes the choice of the game elements to be
used in the course along with specification of gaming rules for them. The system
currently supports the following game elements: points (challenge points, skill points,
and activity points), progress bar, virtual currency, badges, leaderboard, skill board,
learning dashboard, avatars, and immediate feedback. The gaming rules define the
conditions upon which certain game elements are applied (e.g. a specific badge is
awarded). The rules are standard production rules in the form IF <condition>
THEN <action>, where the condition is a Boolean expression of arbitrary complexity.
The rules are served by a game rule engine, which is built in the platform.

The platform supports two types of challenges: warm-up challenges (for student
practice and self-assessment) and serious challenges (graded course quizzes and tests).
For each problem included in a challenge, the instructor specifies the challenge points
earnable from that problem, i.e., the problem’s points in the context of the specific
challenge. The instructor could also specify skill points which indicate how the
problem contributes to increasing the level of student mastery of related skills (from the
pre-defined set of skills). The challenges are built of problems and OneUp supports two
type of problems: static and dynamic. Static problems (for which the correct solution is
given at creation) include multiple-choice questions, multiple answer questions,
true/false questions, and matching questions. Dynamic problems are problems for
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which the system does not contain solutions entered by the instructor. These problems
are short computer programs which use a random seed to generate a unique instance of
a particular programming or calculating problem and then grade the correctness of the
submitted answer. Somewhat in between are the Parson’s problems. These are a type of
code completion problems in which the learner must place given mixed up code
lines/blocks in a correct order. By dynamically generating problem instances, the
platform makes available a sufficient pool of exercises of a particular type for students
to practice.

All elements of the OneUp platform - course topics, targeted skills, warm-up and
serious challenges, activities, game elements and relations between them are config-
urable, which makes OneUp a course independent, customizable platform. Depending
on the configuration, it can function as a full-fledged LMS or as a simple online
practicing platform. Any game element can be turned on or off to allow studies on the
effectiveness of various combinations of game elements.

3 Challenges to Gamifying Learning

Despite the growing number of gamified courses and learning activities, there are no
established practices on how to gamify learning. While some publications (e.g. [4])
provide recommendations and guidelines, most implementations follow a simple
reward-feedback pattern.

Learning is multifaceted and gamifying it is a difficult task for several reasons:

• Promoting behavioral change through gamification is based on psychological
principles which implies understanding a range of underlying motivational factors
and how they can be used in the gamification design [5] for achieving the desired
behavior.

• Successful gamification of learning assumes holistic thinking about the whole
learning experience rather than focusing on specific game elements and should
result in well-planned activities incorporating intrinsic and extrinsic rewards.

• Unlike games, the primary aim of gamification in learning is not to entertain but
rather to shape learners behavior through the use of game design elements which
assumes a separate design approach.

• The enjoyment associated with playing games cannot be easily incorporated into
learning activities to produce effective and enjoyable learning experiences. How a
learner perceives the gamification is highly dependent on the nature of the activity
and the contextual factors related to it, in addition to the individual’s own personal
and demographic characteristics [5].

• Evaluating the outcomes of gamifying learning is also a challenging endeavor.
Typically the impact of gamifying a particular learning activity is measured by
performance and less by behavioral and motivational metrics. While learning out-
comes are easier to measure, they are not always the best indicators of what is
valued in the gamified activity nor the best predictors for sustainable behavior.

All these challenges contribute to the complexity of the design and implementation
of a gamified learning system. OneUp was built with the goal of addressing these
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challenges and facilitating the process of designing and implementing gamified
learning activities. The following section describes how OneUp alleviates these
challenges.

3.1 Addressing Difficulties of Gamifying Learning

Psychological Principles Backing OneUp Gamification. We have chosen the Self-
Determination Theory (SDT) [6] as a theoretical framework guiding the design of the
OneUp platform. According to SDT, the most self-determined form of behavioral
regulation is intrinsic motivation, which denotes the pursuit of an activity for the sake
of the activity itself. Extrinsic motivation refers to behaviors carried out to attain
outcomes unrelated to the activity itself, such as rewards or praise. In line with SDT,
humans have three fundamental psychological needs: autonomy, competence and
relatedness. Satisfaction of these three needs is essential for an individual’s intrinsic
motivation. People experience more self-determined types of motivation when the
activities in which they participate make them feel that they have autonomy (the power
to make their own choices), competence (ability to effectively perform the behavior),
and relatedness (social connections with others). The OneUp support for intrinsic
motivation includes: non-required warm-up challenges and skill development (auton-
omy); immediate, multifaceted feedback and leveling challenges (competence); and
sharing achievements and healthy competition (relatedness).

According to Goal Theory [7], the goal serves as a stimulator to motivate and direct
the learners towards desired learning behavior. Learners are motivated by SMART
goals: Specific, Measurable, Attainable, Realistic and Time-bound. This type of goal
motivation is supported by OneUp learning analytics and the related learning dashboard.

Support for Holistic Gamification Design in OneUp. Since the most common form
of educational gamification is course gamification, the discussion in this section will
center on course gamification, which typically incorporates different types of learning
activities. Gamifying learning with OneUp assumes more than decorating existing
content with achievements and rewards mechanics.

The creation of a new course with OneUp includes specifying the course topics,
targeted skills, and milestones, as well as the game elements to be used in the course.
The instructor also has to enter warm-up challenges for student practice and self-
assessment and serious challenges for course assessment (if desired). When defining a
challenge, instructors can choose from problems available in OneUp’s problem bank or
create new ones. For each problem included in the challenge, they specify challenge
points earnable from that problem and possibly skill points. The instructor can also
enter activities, which will be manually graded. In this aspect, OneUp has pretty much
the standard functionality of a Learning Management System (LMS).

The distinguishing feature of OneUp is that it empowers instructors with control
over how to link learning activities to the intended game mechanics provided by the
platform. The mere presence of game elements in the environment is not sufficient to
produce an engaging experience for the learners. Making learning more compelling
entails creative use of game design elements. Accordingly, through the course
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gamification interface, OneUp encourages the instructor to look at the entire course
organization systematically and holistically, considering various aspects such as: which
activities should give rewards and at what scale, how to organize feedback loops,
which activities should award virtual bucks and how learners can spend them, which
activities support autonomy, which activities strengthen competency, how to stimulate
feeling of relatedness, how to reinforce goal orientation, etc. From a technical per-
spective, gamification rules are what links the learning activities to the game design
elements, for example, the conditions upon which a badge is awarded or course bucks
are earned. In fact, rules combine the learning activities (the utilitarian activities) with
the game design elements (hedonic utilities) in a coherent gamified course. Another
important difference from LMSs is that the instructor can specify how the problems
contribute to increasing the level of student mastery of each related course skill.

Using the Rule Engine for Driving Motivation and Learners’ Behavior. Gamifi-
cation is commonly used for behavior change, as a meaningful use of game design
elements can encourage certain behaviors to be exhibited. It has gained significant
traction as a method of steering user behavior in a desired direction in a variety of
domains, including education. Looking at the traditional educational practices, when
instructors want to exert influence on students to encourage certain behaviors, they
reward the positive behaviors and discourage the undesirable. OneUp supports an
analogous strategy through the gamification rules. From a behavioral perspective, rules
can be viewed as:

if_satisfy (action, condition) then offer (incentive),

where action denotes any measurable process performed by a learner and incentive
denotes any award supported by OneUp. For example,

If a student completes more than 10 challenges in a given session award her a badge.

Using OneUp rules an instructor can define tactics similar to the traditional
approach of steering learners’ behavior. For creating meaningful rules an instructor has
to decide first what behavior is to be encouraged and then what incentives are more
compelling for the targeted learners. For example, if the goal is to encourage practicing,
any measurable practicing action can be incentivized (extrinsically or intrinsically) with
rules such as:

After your first five attempts you will receive a “Beginner” badge.
One of the first five problems is lucky: if you solve it, you will earn 5 course bucks.

While OneUp provides extrinsic mechanisms for steering learners’ behavior,
instructors can use also the intrinsic motivational factors. For example, making prac-
ticing a voluntary activity where students can choose which problems to solve will meet
their need for autonomy. Similarly, showing students a comparison between points
earned so far and the total amount of points that will be earned if the student keeps their
current level of performance will aid their goal orientation and feedback needs.

Support for Gameful Experience and Enjoyment. Enjoyment can come in many
different forms, including feelings of competence, overcoming challenges, creative
accomplishments, experience of choice, personal triumph, amazement and surprise.
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OneUp provides two levels of support for promoting gameful experience and enjoy-
ment - through utilizing gameful activities and through incorporating appropriate rules.

Challenges in games are motivating experiences. Overcoming non-trivial chal-
lenges creates an experience of satisfying the competence need [8]. Deciding to
approach a game challenge and then choosing which challenges to approach and which
strategies and actions to apply satisfies the need for autonomy. Furthermore, the out-
come of a non-trivial challenge is usually uncertain, stimulating curiosity and interest.
An analogue of game challenges in learning contexts are exercise problems provided
for students in various disciplines. First, choosing to exercise is typically a voluntary
decision. Which problem to approach and how many is also a learners’ choice. Second,
solving a problem successfully engenders a sense of competence. Following this
correspondence, OneUp offers a platform for deliberate practice that provides multiple
opportunities for demonstrating competence and receiving immediate feedback in a
risk-free environment. Creating and structuring learning exercises that make the
practice interesting and engaging is at the heart of designing a motivating experience.
In order to approximate the repetitive pattern of game play featuring instant feedback
and freedom to fail, we included support for immediate assessment where the coun-
terpart of game challenges are exercise problems with automatic checking. This is also
in line with the value of deliberate practice for mastering particular skills, especially in
sciences and mathematics, which assumes a rich pool of problems of different levels of
difficulty. The latter is essential, since students are more likely to be motivated by the
feeling of flow [9], experienced when challenges match their individual skills and
knowledge level. This is achieved by offering a sufficient number of challenges with
varying levels of difficulty, realized by the dynamic generation of problems from
templates.

Exercise problems are probably as old as education itself. But, in general, they have
not been considered as a gameful activity. The missing part is the game rules. The rules
along with the challenges define the game-like experience. In fact, they combine the
utilitarian (usefulness) values with hedonic (enjoyment) values. While practicing can
be meaningful without rules, it would not be perceived as a game-like activity without
appropriate rules. Rules are what can make an experience game-like, interesting, and
intriguing. By defining rules with different conditions and game elements that are
granted upon these conditions, instructors can induce different forms of enjoyment,
such as, an experience of curiosity, surprise and novelty or experience of
choice/autonomy as illustrated by the following examples:

One of the next five consecutive days is lucky: if you solve three problems in the lucky day you
earn 3 course bucks.
You can choose to retake any quiz for 50 course bucks each.

4 What Are the Motivations for Using the OneUp Platform?

Systems or services, such as LMSs or videogames, can be classified as either utilitarian
or hedonic in nature. Traditionally, utilitarian and hedonic systems were considered as
separate entities. While utilitarian systems provide instrumental value (e.g., increased
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participation or learning performance), hedonic systems provide self-fulfilling value
(e.g., fun or pleasurable experiences) [10]. In contrast, gamification combines both
hedonic and utilitarian values in a new kind of motivational aggregate. The underlying
assumption is that adding hedonic elements, such as those found in games to utilitarian
activities, will create the level of engagement observable in games. However, this
assumption has not received sufficient empirical support yet - a fact that reflects why
this combination known as gamification is difficult to design in learning contexts.
While the use of gamification is driven by both utilitarian (usefulness) and hedonic
(enjoyment) benefits, we still lack sufficient understanding of which factors predict why
learners use gamified systems. More specifically, how motivation to learn can be
influenced by utilitarian and hedonic factors. Several studies have explored the reasons
for using gamified systems [10] including in a learning context [11]. However, these
studies do not explore learners’ motives for using a gamified system in the context of a
specific course, where factors such as course grades, exams, homework, and skills may
impact the reasons for using the system. We aimed to bridge this gap with a focused
study, stimulated also by the fact that this context is the most common way of utilizing
OneUp.

In this section we report preliminary results, the initial part of a large scale study
involving several STEM courses over a three year period. The first phase of the study
was conducted in a Data Structures course during Fall 2017 and Spring 2018 semesters.
Students in both groups were able to use OneUp during the entire semester where the
goal was to motivate regular practicing with the provided warm-up challenges. Prac-
ticing was a voluntary activity. The students in the control group (17 students, Fall
2017) were using a non-gamified version of OneUp, while the students in the exper-
imental group (12 students, Spring 2018) were using a gamified version. Based on
predefined rules, students in the experimental group could earn experience points (XP),
badges and course (virtual) bucks through practicing. Course bucks could be spent for
course related “goods”, such as buying an extension for an assignment, buying a
resubmission, etc. Students from the experimental group could track their performance
in their personal learning dashboard and compare it to the other students’ performance
on a customizable class leaderboard.

Tracking Students’ Behavior. Using the data in OneUp’s logs we compared the
number of attempts for solving warm-up challenges of the control group with the
number of attempts of the experimental group. The average number of warm-up
challenge attempts for the control group was 4.5625, while the average number of
challenges for the experimental group was 46.1667. The t test (t = −3.1574,
p-value = 0.008895) showed that the difference was statistically significant. For the
experimental group, we also looked at the distribution of warm-ups. The distribution
shows peaks around the dates of the three course exams. These results signal that after
the gamification intervention, students’ practicing has intensified significantly. In this
context and from the viewpoint of utilitarian and hedonic factors, the central question
guiding the next part of our study was: What are the reasons driving students to use
OneUp?

To answer this question we adopted a combined qualitative and quantitative
approach: a focus group and a survey.
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Focus Group. We used a focus group interview to seek input from students enrolled
in the experimental group. Eleven students (seven males and four females, ranging in
age between 19 and 31 years old) participated in the focus group discussion. The
following questions (inspired by [11]) provided the basis for the discussion: What was
your reason to use OneUp? What prompted you to start a practicing session in
OneUp? What made you continue a practicing session? Do you think using the system
affected your behavior in any way?

From the analysis of the discussion data, four themes emerged that encapsulated the
experiences of the students:

1. Utilitarian factors – the main driver for using the platform. The majority of the
participants expressed the opinion that they were using warm-up challenges to
either improve their learning or boost their grades or to successfully pass exams or
get extrinsic/intrinsic awards that help reaching their learning goals.

I go there for learning. OneUp gives you, like, kind of confidence. I will do the questions, and I
will try to do the implementations, and I will continuously do them until I know I can do the
assignments and tests.
My reason for doing it was that it did give me a lot of help for a lot of different concepts I did
have troubles on. But also course bucks - there was a lot of things that was in the course store
that really helped me as far as being able to resubmit stuff or being able to get extra time on
something.

2. Utilitarian values amplified by hedonic values take students on board. For many
participants, the typical factors triggering students to start a practicing session were
improving learning and grades. However, for some students the triggering factors to
start practicing session were game elements such as competition, rewards or goal-
related.

Knowing that it will help me with the tests and assignments I go and try the challenges until I
learn how to solve them.
I liked the incentives too, although I did always used to practice and stuff but I like the
incentives too - to know that, hey, if I’m practicing I can get something for it.

3. The effect arising from the interaction of utilitarian and hedonic values keeps
students on board. The majority of students noted that grades were a strong
motivator for keeping them going when practicing in OneUp. At the same time,
many participants shared that the game elements had also a positive effect on their
motivation to continue. This suggests that when students practice in a gamified
environment, utilitarian and hedonic values interact and form a specific motivational
value impacting their experience.

When you’re getting questions correct it makes you more to continue, continue, more like you
feel good. And when I am accumulating points towards getting rewards that would make me
want to continue practice further if I’m accumulating something.
I put both of those together. If I’m getting it wrong, I want to keep doing it. Also I know I’m
getting compensation at the end. Not compensation, but rewards.

4. Utilitarian and hedonic values have different motivational effects on different
groups of students. In several parts of the focus group discussion, a number of
participants noted that improving learning or their grades were the major reason for
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practicing in OneUp. In a similar fashion, a number of participants commented that
various gameful features were the driving force for their practicing in OneUp.

If you have questions and want to find the answer by yourself. I guess practicing really gives
you some clarity, and this just gives you additional ways for learning.
I don’t know if this is a bad thing but sometimes, if you look on the dashboard and you can see
like the different, like, you don’t know who the people are, but you can see the icons and see
what they’re doing. I’m like, okay, I’m gonna keep going till I get to the top.

Student Survey. To gain a better insight into how the utilitarian and hedonic factors
influence the use of OneUp practicing support, the focus group qualitative study was
conducted in parallel with a quantitative study – a survey based on a standard Student
Course Engagement Questionnaire administered to the experimental group at the end of
the course. The survey was augmented with questions addressing the reasons for
OneUp use inspired by [11]. The questionnaire uses a 5-point Likert scale. All students
enrolled in the course responded to the questionnaire. The following is an excerpt from
the questions and Fig. 1 presents a graph capturing students’ responses.

1. A desire to boost my grades prompts me to start a new practice session in OneUp.
2. A desire to get new OneUp badges prompts me to start a new practice session.
3. A desire to earn more virtual currency prompts me to start a new practice session.
4. The learning experience with OneUp prompts me to start a new practice session.
5. The enjoyment I experience with OneUp prompts me to start a new practice

session.
6. A desire to boost my grades encourages me to continue practice sessions in OneUp.
7. A desire to earn more OneUp badges drives me to continue practice sessions.
8. A desire to earn more virtual currency drives me to continue practice sessions.
9. The learning experience with OneUp drives me to continue practice sessions.

10. The enjoyment I experience encourages me to continue practice sessions.
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Fig. 1. Aggregated responses to the above questions (Strongly Agree (SA), Agree (A), Neither
agree nor disagree (N), Disagree (D), Strongly Disagree (SD).
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As illustrated by Fig. 1, the results of the questionnaire are in line with the pre-
liminary findings from the focus group. The most frequent reported reason for starting
(82% agree or strongly agree) and continuing (100% agree or strongly agree) a practice
session are the grades. While the questions related to the desire to earn virtual currency
yielded strongly positive responses, we interpret them as a further confirmation of the
significant influence of the utilitarian value on using OneUp, since the earned virtual
currency could be spent for buying resubmissions, time extensions or dropping the
lowest homework grade – benefits with positive impacts on course grades. Interest-
ingly, the questions related to the driving effect of game design elements on starting or
continuing practicing sessions yielded also positive responses (more than half of the
respondents either agree or strongly agree). We interpret these preliminary results as
evidence that the motivational effects driving students to start or continue practicing
sessions are generated through the interplay between the hedonic and utilitarian values,
where the gamification plays a role of a mechanism reinforcing students’ extrinsic
(grades, rewards) and intrinsic (competency, goal orientation) motivations. It is backed
by the fact that OneUp practicing support was available to all students in the control
group (using the non-gamified version) but its use was very low. This result suggests
that its utilitarian value (in terms of improving learning or grades) had an insufficient
motivational power. Notably, our preliminary study does not confirm the motivational
threshold effect reported in [11]. In summary, enhancing the practicing support with
gamification results not only in hedonic enrichment but also in activating pre-existing
intrinsic and extrinsic factors. This observation suggests also that learning activities,
such as practicing, that are amenable to a gameful reconstruction can be transformed
into motivating learning tasks.

5 Conclusion

Gamifying learning is a complex process that requires knowledge of motivational psy-
chology and understanding how that knowledge can be used in the gamification design
for achieving the desired learner’s behavior. This implies a need for appropriate tools to
support gamifying learning in order for the theoretical and practical fields of educational
gamification to continue to grow. The OneUp platform was developed in response to that
need with the purpose to facilitate the gamification of academic courses and to foster
empirical studies aimed at understanding the effects of educational gamification.

Part of the design challenges of gamifying learning stem from the fact that gami-
fication represents a class of systems combining utilitarian and hedonic benefits. Tra-
ditionally, hedonic design focuses on making interaction fun and enjoyable, while
utilitarian design emphasizes utility. In contrast, gamification aims at motivating
learners toward learning-related goals through hedonic drivers, essentially acting as a
hedonic instrument for enhancing learning. From this perspective, the purpose of our
preliminary study was to gain insight into utilitarian and hedonic motivational factors
that drive the use of gamified learning environments. The results suggest that the
motivational effect is created through interactions between utilitarian and hedonic
factors of the gamified system and preexisting extrinsic and intrinsic learners’
motivations.
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Abstract. Serious games’ success depends on its capabilities to engage learners
and to provide them with personalized gaming and learning experiences.
Therefore, theoretically sound mechanisms for gaining a certain level of
understanding of learning and gaming processes by the game is crucial. Con-
sequently, AI and machine learning technologies increasingly enter the field.
These technologies often fail, however, since serious games either pose highly
complex problems (combining gaming and learning process) or do not provide
the extensive data bases that would be required. One solution might be allowing
human intelligence or intuition influence AI processes. In the present study, we
investigated pathfinding algorithms with and without human interventions to the
algorithms. As a testbed, we used a clone of the Travelling Salesman problem,
the Travelling Snakesman game. We found some evidence that in this particular
pathfinding problem human interventions result in superior results as the
MAXMIN Ant System algorithm.

Keywords: Game AI � Ant colony systems � Human in the loop

1 Introduction

Serious games have arrived in mainstream educational settings at all level (school
education, higher education, and even workplace learning). Serious games capitalize on
their core strengths - distilled to its essence: fun, fantasy, curiosity, challenge, and
control. These strengths lead to an enormous intrinsic motivational potential so that
digital games can reach a broad audience. Also as a means of research, games have
particular advantages. Many large machine learning/AI companies, for example, are
designing experiments based on games [1]. A meta-review of Pieter Wouters and
colleagues [2] revealed evidences about the effects of game-based learning along all
dimensions, that is, primary (the intended learning outcome), secondary (side effects
such as the improvement of attitudes), and tertiary (unpredictable positive and negative
side effects). A recent meta-review by [3] yielded that digital games significantly
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enhanced student learning relative to non-game conditions. More importantly, a sub-
stantial body of research reported that a key element of a serious game’s success is a
suitable personalization and balancing of learning and gaming experiences. This
endeavor, however, requires a solid understanding of individual learning processes,
strengths, weaknesses, knowledge gaps, and learning dispositions by a game as an
autonomous tutorial system. In other words, individualized learning and gaming
requires valid, reliable, and accurate assessments and meaningful personalized
responses by the game. Consequently, the research body in the context of intelligent
and adaptive tutorial systems and their relationships to serious games is very broad [4].

In every digital game, players both act in and interact with the game. They use the
options of game mechanics to achieve certain goals. The quality and the results of
interactions determine the performance, which makes it a complex construct, sub-
suming the learning dimension, the emotional-motivational dimension, as well as the
gaming dimension. In the context of serious games, an important role of assessment is
equipping the game system with a certain “understanding” of the individual learners in
order to tailor learning experiences to their particular needs. [5] distinguish data-based
decision-making (DBDM), assessment for learning (AfL), and diagnostic testing (DT).
While DBDM is rather a summative approach, AfL heavily focusses on the learning
process as such, rather than on outcomes. DT has a strong relation to the evaluation of
problem solving processes in the context of learning [6] and thus have particular
implications on the assessment philosophy in game-based learning scenarios. [5]
describe a thoughtful integration of all approaches, leading to more valid evidence-
based assessments.

Assessment must be based on simple identifiable indicators and it must be based on
valid heuristics. The indicators, thereby, may be divided into performance related
aspects, emotional-motivational as well as personality related aspects [7]. The per-
formance related aspects include measuring, gathering, analyzing, and interpreting
scores, task completion rates, completion times, success rates, success depths (the
quality or degree to which a task has been accomplished), etc. The approaches to in-
game assessment, stealth assessment, and non-invasive adaptation of games have been
refined significantly over the past decade [8]. State-of-the-art methods include the
concept of stealth assessment by [9], which is a method based on evidence-centered
design, for embedding assessment seamlessly into games. There exist structural
models, cognitive diagnostic models, Bayesian and latent variable models and also
methods from the field of learning analytics. In addition to the psychometric approa-
ches, more and more commercial game technologies and AI techniques from intelligent
tutoring systems [10] and intelligent narrative technologies [11] entered the genre. The
solutions range from real-time narrative planning and goal recognition to affective
computing models for recognizing student emotional states. Intelligent game-based
learning environments serve as an excellent laboratory for investigating AI techniques
because they make significant inferential demands and play out in complex interactive
scenarios.
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1.1 Game AI

The development of intelligent features in order to improve gaming experiences has a
long tradition in the context of entertainment games (cf. http://gameai.com). The
techniques are manifold, however, the main goal is most often make non-player
characters (NPC) more credible and more serious opponents. In an overview article,
[12], mention following functions: (i) pathfinding algorithms for NPCs, (ii) Bayesian
approaches for NPCs’ decision making, and (iii) genetic algorithms to equip NPCs with
learning mechanics. Pathfinding, for example, is a technique to determine how a non-
player character (NPC) moves from one place to another, accounting for opponents,
obstacles, and certain objectives. This technique is widely seen in real-time strategy
games [13]. AI function specifically enable a credible movement of characters in
dynamics environments [14].

Over the past years, sophisticated methods have been developed to increase the
fidelity and credibility of computer game environments. The main inspiration is often
the improvement of combat simulations. However, with the increasing importance of
serious games, the techniques of game AI seeped into this genre. More importantly, in
the context of serious games, game AI approaches merged with the traditional
approaches to educational AI (from the communities of adaptive and intelligent tutorial
systems as well as open learning modeling) and established a completely new field, the
serious game AI research.

1.2 Serious Game AI

The increasingly important role of AI in serious games is reflected by AI being the
main theme of this years’ Serious Games Conference in the context of the famous
CeBIT fair. Leading experts discussed the role of current and future AI technologies in
serious games. An anchor point in the discussions was Google’s AlphaGo, beating the
world’s best human player in the game Go [15]. Serious games present a fusion of
smart technologies and applications of computer game mechanics in “serious” areas on
the other side and therefore can provide learners with innovative functionalities, fea-
tures and advances. As [16] pointed out, it is critical that intelligent (or smart, adaptive)
educational systems and in particular serious games rely on important underlying
pedagogical principles. [16] list four such principles: (1) employing sound game the-
ory, (2) focusing on problem-based learning, (3) including situated cognition, and
(4) including cognitive disequilibrium and scaffolding. Lester et al. [12] emphasize the
utility of intelligent narratives in serious games and conclude: “because of their ability
to dynamically tailor narrative-centered problem-solving scenarios to customize advice
to students, and to provide real-time assessment, intelligent game-based learning
environments offer significant potential for learning both in and outside of the class-
room” ([12], p. 43).

In a comprehensive review of the literature, based on 129 papers, regarding AI
functions of serious games, [17] summarize decision making functions, algorithms and
techniques that are used for logical and rational decision-making processes on the basis
of the available information about learners, and machine learning approaches.
The former are subdivided into decision tree approaches, fuzzy logic techniques
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(specifically related to the control of NPCs), Markov systems, goal-oriented behaviors
for NPCs, rule-based systems, and finite state systems.

A second aspect, listed by [17], is machine learning. [18] argue that machine
learning in education will be the fourth revolution towards utilizing student data for
improving learning quality and for accurately predicting academic achievements.
Techniques for machine learning in serious games include Bayesian models, neural
networks, case-based reasoning, support vector machines, and cluster analyses.

In a recent article, Cristina Conati and colleagues [19] added an important aspect to
the conversation about AI in education, that is, transparency and an opening of
underlying reasoning processes of AI functions. The community of open learner
modelling (OLM) is attempting to enable learners and other stakeholders to look
behind the processes of intelligent functions and perhaps even disagree with the con-
clusions (this is researched by the community of negotiable/persuadable open learner
models). [19] argue that approaches for an interpretable and perhaps credible AI are
necessary to increase the impact on learning.

This claim is in center of this paper, although from a different angle. We argue that
it is not only necessary to open the reasoning processes and make them interpretable, it
may be desirable also, that humans can directly and intentionally influence algorithms,
in order to improve their efficiency.

2 Machines, Humans, or Both?

Machine learning algorithms became nearly omnipresent in today’s online world. The
basic idea is to develop techniques that reason over the existing vast amount of digital
data and to “learn” from these data. An example is the breakthrough achieved with
deep learning [20] on the task of phonetic classification for automatic speech recog-
nition. Actually, speech recognition was the first commercially successful application
of deep convolutional neural networks. Astonishingly, autonomous software is able to
lead conversations with clients in call centers, or think about Siri, Alexa and Cortana.
A game-related example is autonomous game play without human intervention [1].

Automatic approaches to machine learning have a number of disadvantages,
though. They are for instance intensively resource consuming, require much engi-
neering effort, need large amounts of training data, and they are most often black-box
approaches. This opposes the aforementioned claim of transparency and inter-
pretability, which is of particular importance in educational applications. Also in other
sensitive domains, such as medicine or in the context of privacy/data-protection, in-
transparent AI is considered problematic and thus the topic is a matter of debate in the
AI community [21]. Conventional machine learning works asynchronously in con-
nection with a human expert who is expected to help in data preprocessing and data
interpretation - either before or after the learning algorithm. The human expert is
supposed to be aware of the problem’s context and to evaluate and interpret specific
datasets. This approach inherently connects machine learning to cognitive sciences and
AI to human intelligence.
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A different concept is Interactive Machine Learning (iML), which allows humans
interactively intervene with the algorithmic processes of an algorithm [22]. The goal is
capitalizing repeatedly on human knowledge and understanding in order to improve the
quality of automatic approaches. The iML-approaches can be therefore effective on
problems with scarce or overly complex data sets, when a regular machine learning
method becomes inefficient.

3 The Travelling Snakesman Game

3.1 Problem Definition

The Traveling Salesman Problem (TSP) is one of the most famous combinatorial
optimization problems, studied since the 18th century [23]. Ever since, the TSP has
become a test bed for the development of new AI methodologies and algorithms in all
disciplines, for example in medical research such as DNA sequencing [24]. TSP refers
to the problem of finding the most effective (i.e., shortest possible) path between a
given set of points. The name “travelling salesman” refers to the problem description
where a salesman has to travel a number of cities and return to the starting point. The
problem is a NP-hard problem in combinatorial optimization, which means that an
algorithm for solving it can be translated into one for solving any NP-problem (non-
deterministic polynomial time) problem. NP-hard therefore means “at least as hard as
any NP-problem,” although it might, in fact, be harder. In other words, for a NP-hard
problem a polynomial time algorithm for solving all its cases has not been found by
now and it is unlikely that it exists [25].

A popular and flexible algorithm is the MAXMIN Ant System [26]. This is a
probabilistic technique for solving computational problems, which can be reduced to
finding good paths through graphs. It is a multi-agent method inspired by the behavior
of real ants. The pheromone-based communication of biological ants is often the
predominant paradigm used for the computational optimization. MAXMIN Ant System
exploits the best tour of an ant, it limits the excessive growth of the pheromones on
good tours (which in some cases is suboptimal), by adding upper and lower pheromone
limits (min and max). In addition, it initializes the pheromone amount of each edge to
the upper pheromone limit max, which increases the exploration of new tours at the
start of the search. Finally, each time, if there is a stagnation in some way or no
improvement of the best tour for a particular amount of time, it reinitialize the pher-
omone trails.

3.2 Human Interventions

A fundamental idea of the study is to elucidate the impact of human interventions on
the results of the pathfinding algorithm. When humans are facing a TSP, they auto-
matically and intuitively gain a first-sight overview and they can identify certain pat-
terns and global relationships. The psychological foundations can be seen, for example,
in the fundamentals of Gestalt psychology [27]. Our hypothesis is that this initial global
evaluation of the waypoints and the identification of certain cluster and patterns may
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give human strategies the edge over the computational approximations. For the present
study, we implemented the possibility that humans can intervene in the path-finding
process by intentionally altering the pheromone distribution. Basically, this is made by
controlling the snake in the game manually. The human players may chose other apples
than the algorithm might propose. By this means, the decisions of the algorithm are
overruled and the pheromone distribution changes accordingly. In line with our
hypothesis, the wayfinding should be superior to the results of the algorithm without
the human intervention.

3.3 The Game

To investigate this hypothesis, the Holzinger group developed a Unity-based browser
game, the Travelling Snakesman game (freely accessible at https://iml.hci-kdd.org/
TravellingSnakesmanWS). Their interest is in interactive machine learning with the
human-in-the loop [28], which is a natural progression of the HCI-KDD approach [29].
Automatic approaches often are considered black-box approaches, that is, fully auto-
matic. In certain cases, there is need though, for interactive approaches, for example in
the medical domain, when only a small number of data sets, rare events, or highly
complex problems are given. Automatic approaches may fail or deliver unsatisfactory
results. Human intelligence or intuition can be beneficial in helping to solve such
problems. Particularly, such a “human-in-the-loop” approach may be beneficial in
solving computationally hard problems, where human expertise can help to reduce an
exponential search space through heuristics. The main and central motivation is that by
opening the black box the results can be made transparent, hence retraceable, which is
essential for trust in AI [30]. As technical basis they used the Ant Colony Optimization
(ACO) framework on the Traveling Salesman Problem (TSP) which is of high
importance in solving many practical problems in health informatics, e.g. in the study
of proteins. As a side note, AI for games constituted often the implementation of a set
of algorithms and techniques from both traditional and modern artificial intelligence in
order to provide solutions to a range of game dependent problems. The majority of
such approaches, however, lead to predefined, static and predictable game agent
responses, with no ability to adjust during game-play to the behavior or playing style of
the player.

The game represents the original TSP by displaying apples on the screen. The
human player controls a snake with the goal to eat all apples as quickly as possible
(Fig. 1). Controls work via mouse or touchscreen inputs. The game is composed of
three levels with increasing complexity. High scores for all levels are available on a
daily, weekly, and an all time basis.

At the beginning of a level, an instance of the MAXMIN Ant System algorithm
approximates the solution, that is, the minimal distance among the apples. To avoid
delays due to computation times and to establish comparable conditions, the algorithm
was restricted to 175 iterations of the pathfinding process. In the course of the human
play, the algorithm includes decision of the player every 5 iterations. In other words,
the human player changes the pheromone strength distribution of the algorithms and
therefore significantly influences the optimization results of the algorithm.
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3.4 Results

In order to investigate the hypothesis, we set up a first exploratory online study. We
invited people to play the game and instructed them to play it as effectively as possible
in order to improve the high score. In total 95 games were played. In a first step, we
investigated the results of the MAXMIN Ant System algorithm (C) with the results of
the algorithm including the human interventions (CH). As dependent variable, the
distances travelled on the screen was measured.

To quantify the difference between the C and the CH group, we computed an
analysis of variance (ANOVA) for the independent variables level (game levels 1–3)
and group (C, CH). The variable level (ranging from 1 to 3 with an increasing diffi-
culty) is the repeated factor since all participants played the levels consecutively.
The ANOVA yielded a significant main effect of the factor level [F(2,
189] = 79546.172, p < .001]. This result is expected since the levels with increasing
difficulty require increasingly longer paths. More important is the factor group, where
we found a significant main effect as well [F(1, 189) = 33.951, p < .001]. At level 1 the
mean of group C was 4489802.48 (SD = 109628.351), the mean of group CH was
4376090.665 (SD = 94430.853). At level 2 the mean of group C was 36281284.86
(SD = 855204.253), the mean of group CH was 35839124.63 (SD = 722500.697). At
level 3 the mean of group C was 44247653.59 (SD = 713300.268), the mean of group
CH was 43233333.61 (SD = 865187.636). Across all levels, group CH resulted in
somewhat shorter distances traveled.

In order to elucidate the differences of groups C and CH more in-depth, we looked
into the path length differences between both groups. Instead of computing the dif-
ferences in each trial – remember, for each trial, the algorithm approximated the
shortest path, in parallel humans played the game and influenced the algorithm with
their choices – we computed the difference between group CH and the average of all
computer trials. For an equal comparison, we transformed the distances into a range
between 0 and 1 (by [CH – Cmin]/[Cmax – Cmin]), which can be considered as the
relative improvement in group CH as opposed to the average of group C.

Fig. 1. The left panel shows a screenshot of the game. The right panel illustrates the pathfinding
problem for level 1.

360 M. D. Kickmeier-Rust and A. Holzinger



The relative improvement for level 1 was 0.1394, for level 2 0.1021 and for level 3
0.0814. One-sample t-tests computed for each level yielded that this improvement is
significant for each level. Level 1: t(38) = 7.519, p < .001; level 2: t(26) = 4.310,
p < .001; level 3: t(27) = 3.346424, p = .002.

In general, the results of this study provide some evidence for our initial hypothesis
that human interventions can improve the computer algorithm. The absolute distances
are shown in Table 1.

4 Conclusions

Serious games are a mainstream educational medium and the repertoire of existing
games is extremely broad. Growing communities and platforms successfully aim at
making the genre ubiquitous. One example is the Serious Games Information Center
(https://seriousgames-portal.org), hosted by the Technical University of Darmstadt.
A number of studies and meta-review yielded that a serious game’s success depends on
it capabilities to engage learners and to provide them with personalized gaming and
learning experiences. Therefore, theoretically sound mechanisms for gaining insight
and a certain level of understanding of learning and gaming processes by the game, as
an autonomously acting instance, are crucial. This refers to sound psychometric
methods for an in-game assessment – ideally in an unobtrusive, stealth manner. This
refers also to leading edge AI techniques, which increasingly become part of the tool
sets of modern serious games. Serious game AI can and must support learners making
their way through the game environment and the narrative, help them overcoming
challenges and solve problems in a constructivist sense, and – ultimately – help them
reaching the game’s “serious” goal. In this study, we focused on one particular aspect
of AI in serious games, that is, pathfinding algorithms. The goal of such features is to
identify and suggest the most promising gaming paths and learning trajectories. The
traveling salesman problem served as a well-known starting point and provided the
game mechanics on the one hand and the research paradigm on the other. Machine
learning features can capitalize on the results of each played episode and improve the
learner support. In complex environments such as games, this is not trivial. Therefore,
we investigated an approach of bringing artificial intelligence and human intuition
together. The results provide some evidence that combing the strengths of machine
algorithms and humans may result in better results and perhaps more credible than the
AI features alone. This opens interesting and highly promising pathways to improve
serious games by AI and, at the same time, new research directions for game-based
assessments and personalization.

Table 1. Absolute minimum distances obtained across groups and levels.

C CH Diff.

Level 1 4242192.5568 4215015.4717 27177.0851
Level 2 34178226.0850 34680651.6358 −502425.5508
Level 3 42529746.1429 41378863.0008 1150883.1421
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In this study, we used the MAXMIN Ant System as testbed. Of course, there are
other algorithms. In the context of games, the A* search algorithm [31] is popular.
There are pros and cons to the various algorithms, the MAXMIN Ant System appears
more flexible in settings with varying costs functions, which is determined by the
human interventions in this study. Future work will consider comparing the perfor-
mance of different algorithms with humans in their loop. Also, future work will
increasingly develop path finding scenarios on the basis of psychological theories.
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Abstract. Mobile Math Trails for Europe (MoMaTrE) is an ongoing project
with the objective of conceptualizing and developing a fully gamified platform
for creating, organizing and executing mathematics trails. We present some
early experimental results concerning the introduction of shallow gamification
techniques in the platform and discuss our plans for adding other gamification
elements.
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1 Introduction

1.1 Shallow and Deep Gamification

The most basic distinction between types of motivation as given by self-determination
theory was made by Ryan and Deci [1] by their subdivision of motivation into intrinsic
and extrinsic forms. Many school activities, due to their obligatory character, require an
external reason for the engagement of the student. However, even if an activity is
initially externally motivated, inherently interesting properties of it can be experienced,
leading to a motivation shift [1].

Gamification describes various techniques for controlling the behavior of users
through game elements towards a specific goal, that is, the application of game ele-
ments in a possibly non-gaming context [2]. The overriding goal of gamification is to
modify the affected activity, which was originally designed for a specific purpose, so
that the user feels intrinsically more engaged, thus increasing their intrinsic motivation
and commitment.

There are several experiences of gamification in education, using different
approaches [3–5]. Techniques can be though at two different levels. In a shallow level
or thin layer of gamification, the core teaching and learning processes are not sub-
stantially changed. There are still lectures, exercises, homework. But the language
changes to making quests, crafting items, defeating bosses with the grade given in
Experience Points. An example of such an approach applied to undergraduate studies is
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given in [4]. Another possible shallow gamification technique is to give stars, badges
and prizes for activities in the course, use leaderboards, or yet use game-like interface
components. Shallow gamification has been the target of some criticism because it can
be seen as manipulative and making excessive use of external motivation [6]. In fact,
shallow gamification can be seen as a layer that is put above and on top of the core
processes, without changing their essence.

In contrast to shallow gamification, deep gamification can be defined as introducing
game elements that change the core processes of the activity [7]. A seminal example of
that approach was given by Quest to Learn, an innovative school for grades 6 to 12 that
started in 2009 in New York City [5], where the whole curriculum was planned using
game design techniques. While shallow gamification needs mainly programing and
visual design skills, deep gamification uses mainly game design skills, because it is
necessary to rethink the activity and design game mechanics at its core.

1.2 Mathematics Trails, MathCityMap and the MoMaTrE Project

A maths trail is a trail where the participants can discover mathematics in the envi-
ronment at predefined stations [8]. Blane and Clarke [9] were among the first to present
the maths trail idea to a broad, scientific audience. Their concern at the time was the
popularization of mathematics. Today, we see the benefits above all in the application
of mathematics in real, authentic situations in reality, as well as the modeling that
precedes the calculations.

The MathCityMap (MCM) project of the Goethe University in Frankfurt combines
the idea of mathematics trails with the possibilities of smartphones [10]. The main idea
of the project is to give the participants another perception and experience of mathe-
matics. Maths takes place mainly indoors inside the school, inside the classroom. But
all human concepts, including mathematical concepts, are based in the perceptual
motor system experiences we have while interacting with the world around us [11].
Furthermore, the project addresses the advantages of the Web 2.0, to have users create
content, which can be shared and reused. The MathCityMap website (www.
mathcitymap.eu) is a portal, where (teachers) users can create tasks everywhere on
the world map. These tasks can be published and if successful, they can be combined
with tasks done by other users for a maths trail.

The objective is to bring mathematics outdoors more often, for students as well as
every citizen. We seek for new forms of getting a mathematical view of one’s
neighborhood, of one’s environment, see the questions and problems, which are
everywhere, and on top of that, do it digitally with a smartphone.

In order to leave the borders of Germany and to further develop MathCityMap, a
consortium was formed and an Erasmus+ Grant obtained, the MoMaTrE (Mobile Math
Trails for Europe) project. The main target groups for this project are student teachers,
in-service teachers and the public. Our approach contains a platform and a mobile
application to create tasks and with these tasks, mathematical trails can be built by
everybody, especially teachers. New ways of collaboration should be possible and we
want to build a community of active maths trailers, who share their work and help each
other to develop things further. Some shallow gamification elements are part of the app
today. In this paper, we will present and discuss a study done to measure their effects
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and we will present ideas how to apply other gamification elements (including some
deep gamifications) to the concept of mathematics trails.

1.3 Literature Results on the Impact of Gamification

Dicheva and Dichev [12] conducted a meta-analysis on gamification in education.
Compared to the time span of over four years (from January 2010 to June 2014), where
34 papers related to this topic were published, and the time span from July 2014 to June
2015 (one year), the number of published papers has increased to 41. These findings
indicate a growing interest in gamification in the area of education. Nevertheless, only
about half of the publications can draw a positive conclusion [12].

The intrinsic motivation and experience associated with playing video games can
be seen in gamified activities as well [13]. This is why gamification can benefit on a
large array of areas when used correctly as is shown in several studies.

For instance tourism, [14] where the presence of game mechanics in a travel-related
application and website resulted in an improvement in terms of engagement and made
the experience more social and interactive. Another example is the introduction of
gamification in higher education classrooms. One of these cases resulted in an increase
in approval rating, interaction and attention in the classroom [15]. Other cases indicated
positive effects on the engagement of students and a moderate improvement in learning
outcomes, see for instance Ibáñez et al. [16] and Santos [7].

The gamification of a training module with fiction also showed a significant
improvement of the satisfaction of the trainees. This same study [17] also shows that
the declarative knowledge did not differ between the control condition and the gamified
condition, but the procedural knowledge scores were higher in the control condition.

2 The Impact of Shallow Gamification Elements

2.1 Introducing Gamification Elements into MathCityMap

Besides many positive observations of students walking a maths trail, two negative
observations lead to the addition of gamification elements to the MathCityMap
app. Firstly, students often tried to guess answers, if their first attempt was incorrect.
Secondly, there seems to be a motivational obstacle to begin working on the tasks,
which is expressed by walking slowly to the first task and thus leading to a low ratio of
doing mathematics to the time spent on the trail. Before a decision on the type of
gamification was taken, we have analyzed the project as suggested by Morschheuser
et al. [18] and defined gamification goals.

The mathematics trail activity as supported by the MathCityMap app focuses on
secondary school students, who are familiar with using smartphones and apps. A maths
trail is usually carried out on an irregular basis e.g. day’s hike or project days. In our
approach, students collaborate in groups of three (one is using the MCM app, one is
responsible for measuring and the last person has the task to take notes) and walk the
trail independently. To complete a maths trail students have to complete each task that
is part of the trail. The activity to complete a task is divided into seven sub activities:
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(1) finding the task’s location; (2) reading the task’s description; (3) collecting data;
(4) transforming task into mathematical model; (5) calculating the answer; (6) entering
answer into the app and getting feedback; (7) optionally, taking hints and retry. During
the steps (1), (2), (6) and (7) students have to use the application. Finally, two gami-
fication goals were defined.

1. Prevent students from guessing answers.
2. Increase intrinsic motivation for working on maths trail tasks (increase the number

of tasks completed per hour).

Based on Lieberoth [19], who found shallow gamification in the form of a game-
like design to have impact on the participants motivation, the first gamification ele-
ments added to the application were simple and fall into the category of shallow
gamification. Following his suggestion to “break clusters of game elements down to
individual functional units” [19], we have decided to create three different versions of
the app. Each version adds further game elements to the application. To prevent
guessing, a points system (G1) was added to the task activity, rewarding the students
with up to 100 points for a correct answer. Additionally, each wrong answer after the
first one decreases the value of the task by ten points. The second gamification
approach is the local leaderboard gamification (G2). It augments the points gamifica-
tion with the possibility to see the score of the user in front and behind you, so that
users get into competition with each other. To not frustrate the last ranked group, we
have added a computer player, who will be always ranked last (Table 1).

Table 1. Types of gamification in MathCityMap

G0: No gamification G1: Points G2: Local leaderboard
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2.2 The Study

In a study with ninth graders, the following research questions were studied in the
summer semester 2017:

• How does the gamification system influence the motivation of the participants?
• What effects does the gamification system have on the performance parameters

(completed tasks per hour, incorrect entries per task) of the 9th graders when
working on a maths trail?

Methodology. 196 ninth grade students (97 female, 99 male) from 14 different school
classes took part in the tests. They were randomly assigned to the control group G0 (no
gamification; N = 48; 19 female, 29 male), experimental group G1 (points gamifica-
tion; N = 56; 24 female, 32 male) or experimental group G2 (local leaderboard
gamification; N = 92; 54 female, 38 male). After a short introduction to the MathCi-
tyMap application and the use of measuring tools, the students were handed out a set of
materials (smartphone, measuring tools and a paper trail guide) and walked a mathe-
matics trail in groups of three. The trail’s tasks focused on cylinder problems. Finally,
they were asked to fill in a standardized questionnaire on intrinsic motivation We
designed the intervention as close to real (German) mathematics classes as possible so
that findings could be easily applied to the school context. For instance, teachers
divided their students into groups of three themselves. Furthermore, we invited teachers
and their students for a frame of 90 min that is a typical duration of mathematics
classes (two classes with 45 min each). Subtracting the time for the introduction and
the time for answering the questionnaire, about 70 min were left to walk the trail. The
motivation questionnaire contained a subset of questions of the Intrinsic Motivation
Inventory [20]. The questionnaire comprises 21 items that could be answered on a 7-
point Likert scale. Additionally, all inputs that the students made (especially the
number of completed tasks per hour and the number of incorrect entries) were logged
by the smartphones.

Results. An earlier study indicated that the influence of gamification might be
dependent on the gender of a person [21]. That is the reason why, besides the gami-
fication, also the gender of the students was taken into consideration during the data
analysis (Table 2).

Table 2. Summary of the results

G0 G1 G2
M F M F M F

Motivation 4.6
(±1.5)

4.2
(±1.3)

4.8
(±1.2)

4.8
(±1.3)

4.8
(±1.3)

4.9
(±1.3)

Tasks per hour 3.2
(±1.8)

2.7
(±0.8)

2.3
(±1.3)

2.4
(±1.5)

3.9
(±1.2)

2.8
(±1.1)

Incorrect entries per
task

4.9
(±4.0)

3.7
(±2.7)

4.4
(±4.2)

4.0
(±4.4)

2.7
(±3.1)

1.9
(±1.7)
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Multiple two-way analysis of variance were conducted on the influence of two
independent variables and their interaction effect (gamification, gender, gamification *
gender) on (a) the intrinsic motivation score, (b) completed tasks per hour and
(c) number of wrong answers per task. Gamification included three levels (G0 – no
gamification, G1 – points gamification, G2 – leaderboard gamification) and gender
consisted of two levels (M – male, F – female).

(a) None of the effects were statistically significant (F (5, 190) = 1.041, p = .395))
(b) All effects were statistically significant at the .05 significance level. The main

effect for gamification yielded an F ratio of F(2, 190) = 9.417, p < .001, partial
η2 = .09, indicating a significant difference between G0 (M = 3.0, SD = 1.5), G1
(M = 2.3, SD = 1.4) and G2 (M = 3.2, SD = 1.3). The main effect for gender
yielded an F ratio of F(1, 190) = 6.2, p < .05, partial η2 = .032, indicating a
significant difference between female (M = 2.7, SD = 1.2) and male (M = 3.2,
SD = 1.5) students. The interaction effect was significant, F(2, 190) = 4.161,
p < .05, partial η2 = .042.

(c) One effect was statistically significant at the .05 significance level. The main effect
for gamification yielded an F ratio of F(2, 190) = 8.056, p < .001, partial
η2 = .08, indicating a significant difference between G0 (M = 4.4, SD = 3.6), G1
(M = 4.2, SD = 4.2) and G2 (M = 2.2, SD = 2.4). The main effect for gender
yielded an F ratio of F(1, 190) = 2.475, p = .117, partial η2 = .013, indicating that
the effect for gender was not significant, female (M = 2.8, SD = 2.9) and male
(M = 3.9, SD = 3.9). The interaction effect was not significant, F(2,
190) = 0.181, p > .05, partial η2 = .002.

2.3 Conclusions

The motivation of the groups that used a gamified app version tends to be higher but not
significantly so. This result is in line with the analyzes of different studies on gamifi-
cation by Dicheva and Dichev [12] and suggests that the actual activity is crucial for the
motivational expression and the introduction of shallow game elements have at most a
small impact on this. On the other hand, the speed of task resolution was significantly
influenced by gamification. The leaderboard group G2 stands out with a higher number
of tasks processed per hour and less mistakes per task. In particular, boys responded to
the competitive nature of the leaderboard [22], addressing and solving an average of 3.9
tasks per hour. Girls work in all three settings a similar number of tasks, but pay
attention to the Leaderboard Gamification, especially on the correctness of the results
with just 1.9 incorrect entries per task. Zender and Ludwig [23] discuss further results on
learning performance of students using the MathCityMap app.
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3 MoMaTrE and Deeper Gamification

The above results support the idea of implementing and testing more complex gami-
fication elements. These might not be, by definition, deep gamification elements but
they are objectively more rich and elaborated than the ones presented so far. We
propose the implementation of two types gamification. One regarding the use of nar-
rative elements to improve the engagement of users and another which adds different
types of objectives to the routes, making the use of the MathCityMap a more coop-
erative and/or competitive experience for the users (depending on the objective).

3.1 Narrative Approach

The addition of fiction elements to the routes in the application can potentially increase
the interest and engagement of the students regarding math problems.

A study performed to 858 secondary school students [24] shows that their pref-
erence for video games in the classroom is affected directly by, amongst other things,
their perception regarding the usefulness of videogames and their previous experiences
with them. This could be favorable due to the demographic consisting of students
below 18 years old, which recent studies show is more propitious to playing video
games [25].

The introduction of narrative elements to the MathCityMap app brings some
challenges. Several maths trails which utilize fiction [26, 27] commonly have narrative
elements that are highly contextualized and integrated within the tasks themselves, due
to the fact that there is only one route.

The MathCityMap app allows users to create and participate in several routes. As
such, creating a narrative contextualized for each one is a challenge due to the nec-
essary authoring effort. It is not our goal to force the user who creates a route to also
create a narrative that fits said route.

As previously stated, the tradeoff of creating more specialized and contextualized
fiction is that the authoring effort is highly increased. Therefore, two possible solutions
to cover different approaches for this problem are being worked on:

Non-contextualized Narrative Nodes: The creation of a set of fiction nodes that
between themselves are part of a bigger narrative but that are non-connected with the
tasks or the route itself. The nodes could have different purposes:

• To introduce the narrative (these nodes would appear at the start of a route);
• To introduce each task;
• To replace the message of a correct or incorrect answer;
• To make the bridge between tasks;
• To conclude the narrative (these nodes would appear after the completion of the last

task of the route);

The amount of nodes for each purpose should be enough to avoid repetition inside
each route. This solution would be light in terms of authoring effort but at the cost of
some disconnection between the tasks and the narrative.
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Contextualized Narrative Nodes: This approach is similar to the one stated above but
with more specified narrative nodes to fit the context of the tasks. The narrative would
make references to the problems present in the tasks themselves instead of just present
the narrative without mentioning the current task objective. This means that more
specified nodes would have to be created to introduce a set of types of tasks, for
example, nodes could reference some tasks available in the task wizard like:

• Determination of slopes of ramps;
• Number of stones in a rectangular wall;
• Volume of a cylindrical pool;
• Walk a certain distance or the shape of a geometrical object.

This solution requires a higher authoring effort when compared to the non-
contextualized one, due to the fact that each task needs to have specific narrative nodes
tailored to it, which implies a larger number of nodes. Also, it may be difficult to create
a route where all the tasks have narrative nodes specific to their type. The higher
authoring effort can be mitigated with the use of Procedural Content Generation
techniques, in a similar way to what has been proposed for game level generation [28].

This approach will allow the tasks to have a more engaging narrative component
since the nodes blend better with the tasks and close the disconnection gap between the
narrative and the tasks which may exist in the non-contextualized method.

3.2 Gamified Activities

On top of the narrative approach, we propose the addition of objectives to tasks and
routes. This also aims to improve the experience of the users and cooperation between
them.

As proposed by Hauge et al. [29] context aware activities can be implemented in
such a system, for example a Treasure Hunt, or a Conquer activity. Also, the routes can
be made to work differently, not showing all the tasks at the start but instead upon the
completion of a task, a clue is given regarding the location of the next one or, in some
cases, the task itself would result in the finding of the next task. For example: one task
may be “walk 50 m south”, and upon arrival at the solution, the next task would be
unlocked. This helps connecting the several tasks and making them less individual. On
top of that, it also allows for a bigger pool of options in the integration of the narrative
elements.

A factor that can be added to an activity is the time taken by the students to
complete a route. However, this, along with the remaining variables (like the per-
centage of correct answers), should be used for the calculation of scores (as opposed to
using time as a single factor for score calculation), as seen above. The reason for it is so
as to avoid random answers just for the sake of being the quickest, which ultimately
would turn the route into a race.

3.3 Global Teams and Challenges

Games are seen as a social activity by most teenagers [30] and this can be used to
enhance the experience and engagement of a gamified application.

Shallow and Deep Gamification in Mathematics Trails 371



We propose a feature that creates a light social component, inspired by recent video
games like PokemonGO that gives the player the possibility to choose one of three
teams to be a part of. These teams do not affect the gameplay in a major way, but give
the players something to argue about.

Other example is the Splatfest game mode in Splatoon and Splatoon 2. This mode
allows each player to choose one of two options, dividing the community in two teams.
At the end of each month, a team win based on the number of players that voted on the
team and on the performance of those players in the game. The rewards given to the
winning team are not game changing but that does not hinder this event’s popularity.

The proposed feature is similar to Splatfest in the sense that each user of the
MathCityMap app could choose a team and from time to time a team would be chosen
as the winner based on the amount of completed routes of the members of said team.

This feature does not interfere with the flow of the App making its implementation
relatively easy and could help to give a more global and social component to the
application.

4 Conclusions

In this paper, we presented the results of a study on the effects of shallow gamification
in the mathematical trails application MathCityMap, which is being developed as part
of the MoMaTrE Erasmus+ project. The study showed that the introduction of shallow
gamification elements have at most a small impact on motivation, as measured by
motivation questionnaires, but successfully influenced performance parameters. Espe-
cially the leaderboard gamification increased the speed of task resolution and lowered
the number of incorrect answers per task. Furthermore, the study indicates that the
impact of gamification is gender dependent. So, while the full promised potential of
gamification was not reached, there remains the question if deeper gamification can
improve these type of results. With the goal of shifting motivation to a more intrinsic
nature, we propose to introduce both narrative arcs associated and interlaced with the
trails and meta-team and challenge creation. The effects of those gamification tech-
niques in the MathCityMap application will then be tested.
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Abstract. Gamification is often utilized to enhance the motivation to use digital
learning tools. Usually, the effect of gamification alone is not sufficient to
achieve sustainable self-directed occupation of students with digital learning
tools. This statement is also confirmed by the authors’ experiences from pre-
vious uses of quiz apps to impart factual knowledge. The presented study
describes the use of gamification in a university course in Urban Water Man-
agement in a twofold approach. The first approach of gamification is a gamified
quiz app, which offers matches as well as ranking lists and competitions. The
second approach is the gamified integration of the quiz app into the didactic
context. The didactic context is characterized by the voluntary use of the quiz
app and meaningful incentives, such as substitution of preliminary assessment
tests. Compared to previous experiences, students showed a high level of
engagement. Research instruments are the usage data of the quiz app and data
collection at four points in time with the help of standardized measurement
instruments (QCM, EGameFlow, and expectation-value model). The results
include outstanding engagement of students indicated by an average of 2,223
questions per student answered during the semester, a high degree of confidence
in mastering learning tasks among students, and a comparatively high level of
knowledge improvement and social interaction reported by students. Overall,
the study demonstrates the huge impact of deep gamification by integrating
gamification into the didactic context and encourages further systematic research
of deep gamification of didactic contexts.

Keywords: Quiz app � Deep gamification � Instructional design �
Higher education

1 Introduction

Gamification is defined as “the use of game design elements in non-game contexts” [1].
Especially educational contexts are an area of gamification application [2]. A key focus
of gamification is the promotion of engagement [3]. Further, shallow and deep gam-
ification are distinguished. Shallow gamification “can be seen as a layer that is put
above and on top of the core processes, without changing their essence” while deep
gamification “can be defined as introducing game elements that change the core pro-
cesses of the activity” [4]. Deep gamification is considered to promote longer-lasting
engagement than shallow gamification [5]. Examples show the effectiveness of deep
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gamification in education, where a well-thought development of the didactic context as
well as supervision by teachers is considered to be advantageous [6, 7].

Multiple-choice questions have been long established for assessment purposes
[8, 9]. In addition, the so-called testing effect [10], which is triggered by repeated
retrieval from memory, qualifies multiple-choice questions as medium for learning
[11–13]. The omnipresence of mobile devices, such as smartphones and tablets,
enables the spread of quiz apps, which are a means to gamify multiple-choice question-
based learning. Quiz apps used for entertainment purposes are very popular due to high
game enjoyment [14]. Various quiz apps or multiple-choice question-based apps have
been developed for learning purposes and are offered on a commercial basis, e.g.,
[15–17]. Furthermore, quiz apps are subject of research as experimental prototypes,
e.g., [18, 19], and as apps resulting from scientific projects, e.g., [20]. For example,
motivation-increasing effects on students have been proven (e.g., [21]) as well as
learning-enhancing effects [22].

However, despite the great potential, own experiences suggest that quiz apps in
higher education do not elicit imperatively sufficient motivation to foster long-lasting
engagement [23–25]. The observed reluctance to play may be promoted by the
decreasing susceptibility to game elements with increasing age of students in favor of
higher goal orientation [26].

This article describes a twofold gamification-based approach to foster engagement
in a didactic context. First, a quiz app as a gamified learning tool is assumed to
contribute game enjoyment. Second, the gamified integration of the quiz app in the
didactic context should elicit further motivation. Both approaches are combined to
generate engagement of students in the didactic context by complementing extrinsic
and intrinsic motivation. Following a design-based research approach, the design of the
didactic context is based on earlier studies of the authors of quiz apps as learning tools.
The comparatively high age of the students, the unattended and self-directed use of the
mobile quiz app and especially the twofold gamification-based approach itself char-
acterize a didactic context, which, to our knowledge, has not yet been investigated. The
article is structured as follows: Sect. 2 describes the didactic context and Sect. 3 pre-
sents the study design. The results are described in Sect. 4 and discussed in Sect. 5.
The concluding section summarizes conclusions and further work.

2 Didactic Context

The course Urban Water Management is part of the Bachelor’s study program Civil
Engineering of the authors’ institution. The course is concluded with a written final
test, which consists of dimensioning tasks for water infrastructure facilities, such as
wastewater treatment plants. Since the winter semester 2013/14, various quiz apps have
been used to deepen the factual knowledge presented in the lectures. To encourage
students to learn during the semester, the factual knowledge is tested in eight short
digital tests spread over the semester. Each of these tests consists of five multiple-
choice questions randomly selected from a question pool. The question pool contains
317 questions on 12 knowledge areas (on average 26 questions per knowledge area). In
order to be admitted to the examination, students must pass six of these so-called

376 H. Söbke



admission tests with 75% each. An admission test must be taken within 14 days of the
end of each lecture. The admission tests can be prepared either with the lecture script or
with the help of the quiz app, as the content of the respective questions is similar. To
retain the quiz apps’ game character, students are not obliged to use the quiz app.

Previous studies had shown a relatively rapid decline in engagement to use the quiz
apps. In some cases, the quiz apps were only used to explore the questions and their
answers, to document them and then to use the documentation for learning in a time-
optimized manner [27]. For the current study during the winter semester 2018 a quiz
app (see Fig. 1) was used, which had proven its efficacy in the corporate didactic
contexts of two home loan banks [28].

The didactic context presented shows two major structural differences compared to
the previous studies: On the one hand, asynchronous matches are played against fellow
students according to the principle of QuizClash [29]: in three rounds the opponents
must each answer four questions on a knowledge area that can be chosen out of three
knowledge areas. This game mechanic should stimulate social interaction between
players. Social interaction is considered as particularly beneficial for the motivation of
students and thereby for learning processes (e.g., [25]). The second difference is that
the quiz app provides ranking lists for clearly defined metrics. This includes the number
of matches won and the number of correctly answered questions. In the previous
studies, students were ranked based on abstract features such as points [24], whose
rules of achievement often remained unclear to players [27].

Another important feature of the quiz app are competitions: one competition was
announced for each knowledge area. For a competition, all questions of the specific
knowledge area answered correctly in the time of the competition (14 days) are counted
(including repeated correct answers). The two students with most correctly answered
questions were considered to have passed the corresponding admission test. Both ranks
were rewarded with a so-called free ticket, if at least 30 questions were correctly
answered. The minimum number of questions correctly answered was introduced to
avoid having to grant free tickets for only low utilization of the quiz app. In general, the
competitions should counteract the motivation that usually decreases with time: each

Fig. 1. Screenshots of the quiz app: knowledge area selection (left) and sample question (right)
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competition should trigger a motivation boost. The time of the competition was set
parallel to the response time of the admission tests. The parallelism should prevent
tactical activities of the students, e.g., students who passed the admission test would be
less motivated to take part in the competition following the admission test.

In addition, a group incentive was offered: mock exams are very popular among
students for preparing the final test. Per se, students are provided with three mock
exams. Depending on students’ engagement in the quiz app, further exams were
offered. Upon reaching the marks of 100, 300 and 600 completed matches of all
students, an additional mock exam was rewarded.

3 Study Design

Based on the defined didactic context and the findings of the previous studies the
research questions and measurements have been chosen as follows.

General Motivation of Students. In the previous studies, often an effort-optimizing
behavior of the students, which was driven by the goal of passing the final test, could
be observed. This raised the question of the general motivation of students: Are stu-
dents extrinsically motivated by the completion of the course or are they interested in
the content of the course? To clarify this question, the students were asked for their
expectations for the course and their values according to Eccles’ expectation-value
model [30, 31]. Translated questionnaire items from [32] were used and adopted to the
didactic context. Comparison values were taken from [33].

Current Motivation. In addition to the general motivation, the current motivation in
learning situations is also important for the success of learning processes. For example,
learning processes are hindered by students’ assumption of a low probability of success
for the concrete learning tasks. Thus, the questionnaire “QCM: A questionnaire to
assess current motivation in learning situations” was used to measure the current
motivation [34]. Comparison values were taken from an earlier study [27].

Game Enjoyment. The quiz app uses the quiz game mechanics and therefore has the
claim to generate intrinsic motivation through game enjoyment. Game enjoyment was
measured using the EGameFlow questionnaire [35], a questionnaire specifically
designed to measure learners’ enjoyment of serious games. The German translation of
the items and comparison values were taken from [36].

The usefulness of the measurements chosen depends on the point in time of
measurement. For example, collecting the general motivation at the beginning of the
study period is appropriate, while the game enjoyment should be evaluated right after
using the quiz app. In addition, an overall assessment and suggestions for improve-
ments are suitable to be collected after the end of the quiz app use. The data collection
was therefore carried out at four points in time (see Table 1). In Questionnaires (Q) 2
and 3, the QCM was intended as an alternative for non-users of the quiz app.
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4 Results

4.1 Usage Data

All 14 students regularly used the quiz app (i.e. at least once per admission test) during
the lecture period from the beginning of October 2017 to the end of January 2018 and
answered 31,112 questions (2,223 questions per student on average (s = 1356, median:
1714.5)). Eight students answered between 1000 and 2000 questions. A good third
(5) of the students are among the above-average users of the quiz app, who have strived
for the top ranks in almost every competition.

The percentage of correctly answered questions was 76% and varied between 59%
and 86% per student. The correlation coefficient between the total number of answered
questions and the proportion of correctly answered questions had a value of 0.67 (to 0.7
mean correlation, 0.7–0.9 high correlation).

A competition for free tickets was observed, in which almost one third of the
students participated. In total, only 9 of the 14 students were rewarded with at least one
free ticket. Of these, three students earned 7, 6 and 4 free tickets each. Another three
students were successful twice or once. The above-average users already identified by
the number of answered questions can therefore also be identified by the metric of the
number of free tickets granted. For the free tickets, 80 to 230 questions had to be
correctly answered; the original limit of 30 questions was always clearly exceeded.

The students finished 565 matches. In doing so, they won two of the three mock
exams. The total number of matches started was 2993. Only every fifth match was
finished. In the interviews, it became clear that partly the cancellation of matches was
deliberately used to maintain the player metric of the percentages of matches won.
Secondly, the most frequent reason mentioned in Q 4 for the cancellation of matches
was the missing of time restrictions (challenges must be answered within 24 h, every
further round within 72 h).

Thirteen of the 14 students achieved admission to the examination without crediting
free tickets (six students passed six admission tests, five students passed seven
admission tests, and two students passed all tests). The number of admission tests
passed could have been larger, as four students skipped one of the last two tests: they
could be sure that they had already passed the admission test due to a misconfiguration
of the test environment. In the previous studies, it was found that students do not take

Table 1. Data collection: point in time and type of collected data (Q: Questionnaire)

Q # Point in time Types of collected data

Q 1 Start of the semester General motivation, QCM
Q 2 Admission test no. 5 EGameFlow (for quiz app users), alternatively QCM
Q 3 After admission test

no. 8
EGameFlow (for quiz app users), alternatively QCM

Q 4 Before the final test General motivation, overall assessment & suggestions for
improvement

A Case Study of Deep Gamification in Higher Engineering Education 379



admission tests once admission to the final test has been permitted. Therefore, in the
previous studies, the results of admission tests no. 6 to no. 8 were only revealed after
completion of admission test no. 8.

4.2 Study Design Adjustments

Guided Interview. After the first admission tests, it was observed that some students
who had used the quiz app little had passed the admission tests with excellent results.
The first assumption was that students with a reliable command of the factual
knowledge to learn had taken the admission tests for their fellow students. To prove
this assumption, the fifth admission test was taken during a personal meeting of the
supervisor with each student, followed by a guided interview about the didactic context
and concluded by Q 2. The admission test results did not fall short of those previously
provided, and the assumption had to be rejected. Further result of the guided interviews
was that the students took the admission tests with considerably less stress than a final
test. On a scale from 1 (no stress) to 10 (highest stress), they put the average stress of
the admission tests at 4.0, while a value of 7.4 was given for the final test.

Admission Test Substitution. At the end of the semester, informal discussions with
the students revealed that some students collected questions and answers from the quiz
app and documented them on a cloud drive in preparation for the admission test.
Documented questions were made then available to the fellow students. These indi-
cations were supported by declining activity in the quiz app. The public accessibility of
questions and answers enables targeted short-term but unsustainable preparation
(“bulimia learning”) for the admission tests. In order to set a counterincentive here, an
offer was made for admission test no. 8 that the admission test could be substituted by
the correct answering of at least 120 questions on the topic. This offer was then fulfilled

Fig. 2. Value categories of the value-expectancy model [30] (5-point Likert scale)
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by three students, including one student who was previously not an above-average user
of the quiz app.

4.3 General Motivation

The items of the value-expectancy model were collected twice. Firstly with regard to
the course in particular and secondly with regard to the study program in general. Both
item sets were included in Q 1 at the beginning and in Q 4 at the end of the study. For
the items that contribute to motivation (intrinsic values, usefulness and importance)
comparatively [33] high values were measured (see Fig. 2). The results confirm the
observation that the students of the Civil Engineering study program are generally
highly motivated. Decreasing values at the end of the course (Q 4) are in accordance
with the literature [33]. Overall, there seems to be hardly any lack of general
motivation.

4.4 Current Motivation (QCM)

The results of the QCM (see Table 2) show high values for the categories Probability
of success and Anxiety. Category values of Challenge and Interest can be considered as
good. Noteworthy is the comparison with the values from a previous study [27]: in the
previous study, values of Challenge and Interest were on average one point lower,
while Probability of success was determined more than one point lower. At the same
time, very low values of Fear of failure were measured. The values were probably too
low to spur students on to more activities. The generally lower standard deviations
measured in this study may indicate a higher acceptance of the rather soberly designed
quiz app compared to the comic style of the app used in the previous study. Taken
together, the results of the QCM are consistent with the degrees of usage of both apps:
In this study, a very high usage was observed, while the app of the former study was
used only sporadically.

4.5 EGameFlow

The EGameFlow categories (see Fig. 3) show values that are within the range of
comparison values. Higher values indicate higher game enjoyment. In the category
Social Interaction the quiz app has by far the best value, in the category Knowledge
Improvement it also has the best value, only in the category Feedback the quiz app

Table 2. QCM Categories: Mean values (5-point Likert scale)

Category Q 1 (N = 14) x (s) Comparison (N = 16) [27] x (s)

Challenge 3.41 (1.06) 2.29 (1.20)
Interest 3.51 (1.15) 2.56 (1.28)
Probability of success 4.32 (0.72) 3.00 (1.52)
Anxiety 2.37 (1.29) 1.75 (1.25)
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received the worst value. The high value of Social Interaction could be caused by the
game mechanics of matches against fellow students. Improving knowledge can be
perceived by the students through the feeling of success of answering recurring
questions. The low value of Feedback could be due to the lack of absolute feedback for
the student to master a knowledge area. Instead, answering a question correctly can be
followed by answering the question incorrectly again, raising doubts in the student
about learning progress. Assuming that the comparison values are to be regarded as
typical, the quiz app achieved good values for game enjoyment.

4.6 Further Results

Q 4 included items for a final assessment of the quiz app. In particular, students were
asked for their main motivational elements to use the app (see Table 3). As expected, the
main motivational element was the preparation for the assessment tests. Not so expected
was gaming enjoyment as the second highest rated motivational element. The group
incentive received higher approval than the individual incentives (free tickets). This
corresponds to the respective effect: while the mock exams benefited each participant, it
turned out that - with one exception - the free tickets had no effect. The lowest approval
was given to typical gamification elements: competition and ranking lists.

Fig. 3. EGameFlow: Category values (Comparison 1: [35], mean values of all four studies,
comparison 2: [36])
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5 Discussion

The case study of a twofold gamification approach described here shows many positive
results. However, there are also findings that have to be considered in the further
development of the didactic context. For example, the guided interviews pointed to
rivalries for a top position in the ranking lists. A few students complained that matches
were deliberately abandoned when the opponent no longer had a chance of winning.
Although, competitions had a reoccurring motivating effect, competition between
students did not have a community-building effect. In general, competition as design
element of the didactic context should be investigated further, as the literature cannot
provide clear guidance either (e.g., [37]). Furthermore, the students rated the questions
as not necessarily relevant for the final test. However, this should not be seen as a
problem of the gamification approach. Rather, the differences in content between
lectures and final test - which are prepared in additional exercises - are reflected.
A solution to this problem can also be achieved by another effect: the multiple-choice
questions referred to factual knowledge. A recent study shows that the retrieval of
procedural knowledge leads to higher learning effects [38]. Since the majority of the
learning objectives of the course considered here are aimed at procedural knowledge,
an adaptation of the questions should be considered.

Formally, the number of 14 students is too small to make representative statements.
The given statistics are only of partial meaningfulness, even if the values appear
reasonable compared to the comparative values. In order to increase the number of
subjects, the study will be repeated in the same design in the winter semester 2019.
Also, worth mentioning is the high proportion of almost 50% of students in the con-
secutive Master’s program, who had to take the course as a compulsory subject.
Experience has shown that these students are comparatively high motivated. On the
other hand, motivation achievable through game mechanics decreases with increasing
age of students [26]. This has already been observed in one of the earlier studies [24].
To simplify matters, it is therefore assumed that the two opposite effects outweigh each
other.

Table 3. Students’ ratings of motivational elements (5-point Likert scale)

Motivational aspect Rating

Ranking lists 2.5
Competition 2.5
Individual incentives (free tickets) 2.5
Group incentives (mock exams) 3.8
Training for admission tests 4.2
Gaming enjoyment 4.2
Pleasant feeling of learning work done 3.5
Common activity with fellow students 2.2
Alternative learning source to lecture script 3.0
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Certainly, many elements of the didactic context such as ranking lists, matches and
incentives have already been described on their own before. However, the results of the
didactic context in its entirety may be seen as empirical confirmation of the theoretical
foundations.

6 Conclusions

Overall, the case study shows a successful use of a quiz app in a demanding didactic
context. Based on high general motivation, the included learning tasks were approa-
ched with an equally high engagement. The high level of the motivation is underlined
by the noteworthy engagement - measured by the number of questions answered - of
the students. The high level of engagement was achieved on the one hand with the
game enjoyment of the quiz app leading especially to social interaction and knowledge
improvement. On the other hand, the gamification of the didactic context contributed to
the engagement, too. As main elements of gamification can be named the free choice to
use the quiz app and the individual and group incentives. Nevertheless, there is further
need for optimization, which concerns among other things the knowledge areas of the
questions (i.e. extension to procedural knowledge) as well as the regulation of the
competition thinking of individual students. It must also be clarified to what extent the
didactic context can be transferred to other subject areas and how the didactic context
works as a recurring element in several courses of the study program. In summary, the
case study is an example of the successful combination of didactic context and gam-
ification with the aim of increasing engagement and the means of assigning gamifi-
cation elements with real-world significance. Since core elements of the course have
been affected, the term deep gamification is applicable. Further research with the aim of
a systematic overview of the manifestations and effects of deep gamification in higher
education would increase the impact of deep gamification as powerful approach to
design didactic contexts.
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Abstract. In this work we introduce NarRob, a robot able to engage in
conversations and tell stories, by accompanying the speech with proper
gestures. We discuss about the main components of the robot’s architec-
ture, and some possible education experiments that we are planning to
carry out in real scholastic contexts.

Keywords: Storytelling · Social robots · Chatbots · Social practices

1 Introduction

Nowadays, the use of robots in schools is increasing and their employment can
lead to several advantages: they can operate as smart teaching platforms, assis-
tants, or co-learners [1]. They represent attractive and amusing tools, capable of
catching the attention of the students, while supporting the teacher in the learn-
ing activities. At the same time, the benefits coming from storytelling are well
known, it contributes to improving students expertise, listening and reflection
skills social awareness and also to increase their emotional vocabulary [2–4]. Sev-
eral robotic storytellers [5,6] have been proposed to support the learning process
of pupils and many studies have been conducted to analyze the perceptions of
robots during this activity as well as the effects on students learning. In [7] the
effectiveness of social robots employed in interactive, narrative tasks has been
analyzed. The experiments were focused on measuring story recall and emo-
tional interpretation of students, comparing single vs. group students - robot
interaction. In that case the robot acted as an interactive puppet. The ability
to process the semantic content of a story enriching the speech with proper ges-
tures is essential in the storytelling process to add a proper expressiveness to
the narration avoiding a trivial text reading.

The expressiveness and the ability to show emotions is basilar to obtain more
engagement [8]. As an example, in [9] it is analyzed the use of bodily expressions
in robots to facilitate a mood induction process of the story and to improve the
storytelling experience.

In this work we introduce a storytelling robot, that we named NarRob, able to
interact with users and telling stories, designing possible activities to perform in
c© Springer Nature Switzerland AG 2019
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classrooms. The work describes the main components at the basis of the robot’s
behaviour, aimed at providing a more active role to the robot in storytelling,
with respect to a common use of robots as passive tools in educational contexts.

The proposed architecture allows the robot to manage the activity by inter-
acting verbally with the student, adapting his expressions according to the
semantic and emotional contents of the stories. The architectural choices are sup-
ported by previous investigations [10] on which behavioural features contribute
to a greater perception of expressiveness in the well known Pepper Aldebaran
robotic platform1. The work is motivated by the belief that a greater autonomy
of the robot and its expressiveness adaptation could have more impact on the
learning process of the students as explained in the planning of the learning
activities. After a description of the system architecture (Sect. 2), two possible
educational experiments that we are planning to carry out in real scholastic
contexts will be discussed (Sect. 3).

2 NarRob Architecture

NarRob has the ability to analyze the content of a story and associate meaningful
gestures and expressions to the verbal content. It is endowed with a repository of
stories, together with some basilar knowledge about them, such as the structure,
the author, the genre, the main characters. This knowledge, formalized in an
ontology, is exploited by a chatbot module. It is also endowed with a repository
of gestures, acquired by a direct observation of the same gestures, performed by
humans.

The core of the NarRob architecture, depicted in Fig. 1, is the chatbot module
that allows him to converse with users during the storytelling activity and, if
necessary, to extract the information stored into the ontology. The Words To
Expression component, is used by the robot to examine the text of a story
in order to extract some important concepts that can be emphasized by using
not-verbal, communicative signs, such as gestures or emotional expressions. The
Gestures Acquisition component is used to learn, by observation, a set of gestures
to use during the storytelling, while the Gestures Synchronization component
allows the robot to synchronize the gestures selected by the Words To Expression
component with the text of the story. We use the Aldebarans Pepper robot as
robotic platform. Pepper is equipped with a tablet that is particularly suitable
for the storytelling activity, since it can be used to show contents such as some
images correlated to the story and the concepts that the students can learn
or consolidate through this activity. The components of the architecture are
described in the following sections.

2.1 Chatbot Module

The robot exploits a chatbot module to interact with the user, structuring the
storytelling practice according to three main phases. In a first phase, the robot
1 https://www.softbankrobotics.com/emea/en/robots/pepper.
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Fig. 1. NarRob architecture

can receive a specific request among a set of possible stories for the current
activity, or it can pro-actively select the story by using some information acquired
during the dialogue (for example the preferences of the student about literature
genres or the category of stories best suited for the user age). In this phase,
it can also give brief explanation about the main genres, and the structures
characterizing the stories. In a second phase, the robot narrates the story, and
finally, there is a questions/answers phase, used to evaluate the competence of
the students.

The chatbot module is implemented by using the SALVE framework [11].
The framework relies on a KB described by an enhanced AIML mark-up lan-
guage, called S-AIML, and a rule engine, allowing for the interpretation of events
and the interaction management according to typical practices of interaction.
According to the conversation, the robot can query the ontology to obtain spe-
cific information; in particular an OWL2 ontology has been created to formalize
the main concepts related to the storytelling domain, such as literature genres
(e.g. fantasy, epic, adventure, ...), and age categories and information about the
stories, such as the historical period, the form (poetry or prose, ...), the presence
of a message, the main characters, the author and so on.

The chatbot uses the ontology to personalize the answers according to the
story and to check the correctness of students answers to specific questions. In
what follows, we report an example of interaction with the robot. In a first phase
the robot acquires information to profile the user, and, as a consequence, select
a story.

2 W3C Web Ontology Language (OWL).
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R: Hi I am NaoRobot and I am here to tell you a story. How old are you?
User: Ten
NarRob: I know many stories of different literary genres. I bet that you
like fantasy. I’ll tell you the story of Ali and the magic carpet.

After this phase, the robot tells the story, exploiting the results of the analysis
performed by the Words To Expression module in order to add proper gestures
and expressions to the narration. The robot exploits the dataset of gestures,
created by means of the Gestures Acquisition and Annotation, selecting the most
suitable ones according to the story content, generating a final expressiveness
by means of the Expression Generation module. Finally, the robot can start a
discussion about the story, explaining it and ask for some questions.

R: Did you enjoy the story?
User: Yes
NarRob: As you should know, in a fantasy story there is a magic element
that allows the main character to perform extraordinary actions. What is
the magic element in this story?
User: The carpet. NarRob: What kind of emotion was felt by the main
character at the end of the story?
User: Joy.

2.2 Gestures Acquisition and Annotation

We have created a dataset of gestures by observing human movements with
a standard RGB-D device. Relying on the gestures classification introduced by
McNeill [12], we consider iconic and metaphoric gestures, focusing on the descrip-
tion of concrete actions or abstract ideas. A Kinect camera is used to capture
the skeleton of humans performing the selected gestures during several repeti-
tions of the same dynamic posture. The human tracked skeleton, allow us to
have the three-dimensional position of each relevant joint, and to compute the
corresponding robot’s joints angles. The gestures are normalized to have a pre-
defined duration interval and manually annotated according to their particular
meaning.

2.3 Words to Expression

This module operates in two main phases. In the first, it detects the verbs that
are best candidates to be translated in a gesture, by segmenting the text in
sentences, parsing each sentence to detect the verbs and finds their lemmas. In
the second phase, the detected words are compared with the annotations of the
gestures according to a semantic similarity. In particular, it is obtained a score
s ∈ [0, 1] by computing the shortest path linking two senses in the WordNet
“is-a” taxonomy [13]. For the sake of simplicity we have just considered the
most frequent sense for each lemma. If the semantic similarity is below a given
threshold Tsim, whose value is experimentally determined, the verb is ignored
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and no specific gesture is performed by the robot. Otherwise, it is executed the
action corresponding to the highest similarity between the detected verb in the
sentence and that one present in the list of actions that can be performed by
the robot. If the highest value is associated with two or more actions, a random
choice process is executed.

Moreover, an emotion detection module presented in [14], is used to detect
if there is a basic emotion related to that particular chunk of text that is being
expressed.

The module has an effect on robot’s communicative channels that can be
easily correlated by a human observer to some emotions, such as the color of its
LEDs, the speed of its speech, and the head inclination [15–17]. This adaptive
talking behaviour is managed by the Emotion Expression component of the
Expression Generation module. For the emotional labeling, we have considered
the six Ekman basic emotions: anger, disgust, fear, joy, sadness and surprise,
exploiting a well known lexicon derived from the Word-Net Affect Lexicon [18]
and applying the procedure that has been introduced in [14], which is briefly
summed-up below.

The emotion detection is based on the Latent Semantic Analysis (LSA) [19]
paradigm and it is based on the assumption that any text chunk d can be coded
as a point in a Data Driven “conceptual” space, by computing a vector d whose
i-th component is the number of times the i-th word of the vocabulary appears in
d. The vector d is therefore mapped into a reduced-dimensionality “conceptual”
space induced by LSA.

At the same time, the emotional lexicon has been used to create a set of
emotionally related subset of words leading to a cloud of about 3300 vectors
acting as “beacons” that have been used to map a text from the conceptual
space to the emotional space.

In particular, we have six sets Eanger, Edisgust, · · · , Esurprise of vectors con-
stituting the sub-symbolic coding of each one of the aforementioned subsets of
words identifying a basic emotion. The generic vector belonging to one of the
sets is mapped in the same “conceptual” space as well as any sentence s of the
story that has to be told.

Once the sentence s is mapped into the “conceptual” space, it is possible to
compute its emotional fingerprint as reported in [14] by exploiting the vectors
which are associated to each one of the six Ei sets.

The emotional space is a six-dimensional hypersphere where all the sentences
are mapped, and each region of this hypersphere is associated to a set of emo-
tional manifestation of the robot.

The element of the emotional fingerprint of s having the highest value deter-
mines the main emotion expressed by the sentence. A minimum value of thresh-
old The ∈ [0, 1] is experimentally fixed in order to determine neutral sentences.

2.4 Expression Generation

Gestures Synchronization. To synchronize the movement execution with the
pronunciation of the corresponding verb we consider the synchronization schema
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depicted in Fig. 2. For the sake of simplicity, we avoid overlapping situations (see
for example the second row of Fig. 2), and the execution of a new movement starts
only if the previous one is completed (as in the third row of Fig. 2).

Fig. 2. Two different situations: a single verb with a single movement and two verbs
not overlapped movements.

To manage this situation, if there are two verbs with two associated gestures,
and the duration of the first movement lasts so long that it overlaps with the
beginning of the second movement, only the first movement is executed; oth-
erwise both the movements are accomplished by the robot. To synchronize a
movement with an associated verb which is pronounced by the robot, we com-
pute the timing of the speech and the starting of the associated action at the
desired moment. Let dwi be the duration of the i-th word in the sentence, dvi
be the duration of the i-th verb, dmi be the duration of the i-th movement and
p be the length of the silence between two words the start time tvis of the word
in the speech time-line can be obtained as:

tvs
=

N∑

i=1

dwi + N ∗ p (1)

where N is the number of words that precede the verb. The end time of the
verb is

tve
= tvs

+ dv (2)

Starting from these considerations, different synchronization hypotheses can be
made:

– the movement begins together with the starting time of the verb and then

tms
= tvs

=
N∑
i=1

dwi + N ∗ p;

– the movement ends with the ending time of the verb and then tms
= tve

−dm;
– the movement is centered with the duration of the verb and then tms

=
tvs

+ tve+tvs
2 ;

– the movement starts a time δ before/after the starting time of the verb and
then tms

= tvs
− δ.
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Each one of the previous solutions could be considered a valid alternative to
synchronize a gesture with the corresponding verb, but there is a solution that
produces results more realistic and similar to what happens in human beings.
The movement execution anticipates by 0.3 s the verb pronunciation, since it has
been shown that the mean of the distribution of the starting times of gestures
with respect to the word to which they refer is about −0.3 s [20].

Emotion Expression. The emotion detected by the Words To Expression
module is here exploited to affect the robot’s communicative behaviour. This
component relies on three sub-modules, an Eyes Lighting Controller that con-
verts the emotion into a facial expression, specifying the color and the intensity
of each eye LEDs, a Speech Synthesizer that tunes voice parameters, such as
pitch and speech rate, according to the emotion, and a Gestures Generator that
generated a body expression by changing the postures of arms, hands and head.
A detailed description of these modules can be found in [10].

3 Planning of a Real Experimentation in Learning
Contexts

In the previous sections, we have summarized the main modules at the heart
of the NarRob architecture. The premises were that (1) an adaptation of the
behaviour to what is said by the robot can be perceived as a greater expressive-
ness and (2) the more expressiveness will have a robotics storyteller, the more
effective could be in educational storytelling.

The first point is supported by a previous evaluation [10] of the expressiveness
of a Pepper robot obtained adapting the robot’s gestures, voice intonation and
eyes color according to the emotional content of the text. With respect to the
[10] implementation, we substituted the emotion detection module considering
the approach described in Sect. 2.3 to detect the six basic Ekman emotions [14].
Currently, we are testing the basic abilities of NarRob on a collection of short
stories retrieved on some websites of stories and learning activities for kids3.

In a in-progress study, similar to the work reported in [10], we are checking if
the NarRob is able to associate meaningful gestures to stories, as well to change
the expressions according to the emotions detected in the text. Table 1 reports
some examples of how the emotions and actions are associated with the first
sentences of the famous story Ali and the magic Carpet.

For what concerns the second point of the list, it will be evaluated after
an experimentation in a real settings with students of primary schools. We will
focus on students aged between seven and nine years, in order to test the system
with children who are old enough to avoid the issues related to the language
comprehension and who, at the same time, can still find engaging the storytelling
activities. In what follows, we discuss two possible learning activities, taking

3 http://www.english-for-students.com/Short-Moral-Stories-for-Kids.html
http://learnenglishkids.britishcouncil.org/en/.

http://www.english-for-students.com/Short-Moral-Stories-for-Kids.html
http://learnenglishkids.britishcouncil.org/en/
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Table 1. Emotions and gestures associated to some sentences of a story

Sentence Emotion Gesture

One very hot day Ali finds
a carpet in his uncle’s shop

Joy to find

‘What’s this?’ Suddenly the carpet
jumps!

Surprise no action

It moves and flies off into the air Fear to go, to fly

‘Hey!’ Joy no action

inspiration from the suggestions discussed in [2], aimed respectively to improve
social awareness and the emotional vocabulary of children.

Our research design will have the goal to verify whether the enrichment of
the robot’s behavior and storytelling with the gestures and expressions produced
by the system have a significant impact on the educational objectives of the two
activities. To this end, the story narration will be performed by the robot in two
conditions; in the former, the features introduced in previous paragraphs will be
disabled, while in the latter the system will work in its complete configuration.
After the story narration, a specific evaluation phase for each learning activity
will be carried out.

3.1 Storytelling to Improve Social Skills

The storytelling can be finalized at the improvement of the students social skills
and social awareness. For such an aim, it will be planned an activity loosely
inspired to the concept of social story, introduced by Carol Gray to help people
with autism spectrum disorders (ASD) to develop a greater social understanding
[21]. Such activity can be performed by the robot to introduce social situations
that could be complex for a child, simplify their understanding with the help
of the narration. In this activity, the robot can exploit the information orga-
nized in his knowledge about social practices, routinized behaviors typically and
habitually performed by people, that determine their purposes, expectations and
behavior [11]. By relying on such a model of social practice, the robot, through
the storytelling activity, can teach kids to manage the social context in a more
efficient way, explaining information about what is happening in the story, who
is involved and with which role, what is important to do in the different cir-
cumstances. The story can evolve according to the choices of the kids, in order
to better show what happens when the expectations of the characters are not
confirmed, focusing on the emotions of the characters during the evolution of the
story. Then, after the storytelling, the robot will interact with the student to test
the social awareness of the student about the situations described in the story
using the same approach proposed by the Revised Behavioral Assertiveness Test
for Children (BAT-RC) [22]. Another factor that could be investigated is the
use of the Pepper tablet to show animations related to the story; the hypothesis
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is that it can further improve the learning of concepts and the attention of the
children [23].

3.2 Improving the Emotional Vocabulary

This activity is based on another suggestion of [2], about the possibility to build
and improve the emotion vocabulary of a kid. After the narration of a story with
a rich emotional content, the robot will ask to the student some questions aimed
at the evaluation of a correct differentiation about the emotions in the story.
This interaction will be supported by the tablet of the robot. In particular, a
set of cards related to the main emotions will be shown on the tablet and the
robot will ask the kid to select a card related to the emotion that a specific
character has felt in a particular situation of the story. When the kid selects a
card, other cards will be shown on the tablet, and the robot will ask the students
to select other cards that can be related to the main emotion of the character.
The choices of the kid are analyzed and evaluated during the cards game, and,
after the evaluation, the robot will show the cards grouped according to their
emotional family, so to enrich the vocabulary of the student.

4 Conclusion and Future Works

In this work, we presented NarRob, a social robot that can collaborate with
teachers in storytelling activities with the aim of improving the emotional and
social skills of students. The robot has the abilities to analyze the text of a
story in order to detect some emotional content and to associate gestures and
expression to the narration. The aim is to obtain a not predefined, engaging
and entertaining narration with any type of text. Future works will regard a
concrete evaluation of the system by performing a experimentation with a group
of students.
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Abstract. Programmable toys are blurring the lines between serious games and
educational robotics solutions. In this study, the CreaCube activity is analysed
using Cubelets modular robotics based on the Learning Mechanics and Game
Mechanics (LMGM) framework. The CreaCube playful activity is used to
analyse the creative problem-solving process through a playful activity made
from interconnectable electronic cubes. The resolution of the CreaCube activity
involves the manipulation and assembly of cubes to build a vehicle that moves
independently from an initial point to a final point. After describing the Crea-
Cube activity from the perspective of the LMGM framework, the discussion is
developed in relation to creative problem solving.

1 Introduction

Gaming technologies have evolved in many ways in the past few years. On one side,
game platforms have evolved to allow users to be creators of some game components
(game levels, characters and artefacts). On the other side, some gaming platforms such
as the “make, play, discover” Nintendo LABO have introduced modules allowing the
players to create artefacts, which combine maker education techniques [7, 9] with
augmented and virtual reality. In this context, educational robotics has the potential to
engage learners in a playful activity. This exploratory study analyses the potential of
Cubelets modular robotics to engage learners in a playful activity and try to identify the
different strategies of problem-solving adopted by the participants within a challenge
named CreaCube.

2 Educational Robotics as a Playful Activity

Educational robotics (ER) is often discussed as a playful activity [5, 16] in which
learners can manipulate tangible artefacts which provide (delayed) feedback on their
actions. Moreover, some educational robots are described as having a “playful
appearance” [11: 99]. Educational Robotics (ER) has been analysed within Digital
game-based learning (DGBL) in various studies. Eguchi and Shen [8] analyse CoSpace
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M. Gentile et al. (Eds.): GALA 2018, LNCS 11385, pp. 397–405, 2019.
https://doi.org/10.1007/978-3-030-11548-7_37

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11548-7_37&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11548-7_37&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11548-7_37&amp;domain=pdf
https://doi.org/10.1007/978-3-030-11548-7_37


Educational Robotics from the perspective of the gaming experience, in particular, in
terms of the flow state of the player [6] that is experienced when using this 3D
simulation for educational robotics. When analysing the children-robot experience,
Shahid, Krahmer and Swerts [14] observe they have more fun playing with a robot than
playing alone, but still have more fun playing with other children than playing with a
robot.

3 CreaCube, a Playful Activity with Modular Robotics

The CreaCube activity aims to engage the player in a playful challenge to evaluate
his/her creative problem-solving skills. The player is exposed to unknown cubes which
need to be explored to achieve the game’s objective: create an autonomous vehicle
reaching the finish point [13].

CreaCube activity has been designed as a game in which the player is engaged
towards the objective of creating a vehicle able to move in an autonomous way from a
starting red point to a finish black point. The game components are four modular
robotic cubes, selected from the Cubelets set [3]. Cubelets are classified as build bots
composed of modular parts [4]. Once the player has read the game rules, the robotic
cubes are presented separately (not connected) in front of the player. The player should
grasp the cubes and explore them to understand their features and advance and
experiment different constructions to find a solution.

The game activity can be modelled as a finite-state machine between the different
states of the CreaCube activity. The figure below introduces the CreaCube game states.

Fig. 1. CreaCube game activity as a finite-state machine.
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The CreaCube activity is composed of a set of states and transitions, which are similar
to those of the Escape Machine [15] and other “building objects-to-think-
computationally-with” [15: 282] (Fig. 1).

3.1 CreaCube States of the Game

Reading the Game Rules. The CreaCube game rules are introduced to the player before
introducing the game components. The CreaCube research facilitators give the player a
paper containing the game rules and invites the player to read them and inform when
(s)he is ready to start the CreaCube game (Fig. 2).

Providing hardcopy game rules helps the researchers to identify when the player is not
sure of the objectives. When the player is unsure of the game rules, (s)he can grab the
hardcopy to read them again. The game rules are the following: “You’re invited to
create a vehicle using four items. The vehicle should move in an autonomous way from
the red point at your right to the black point at your left.” In the next paragraph, it is
made explicit that “You are not limited in time, but you can decide to stop the game at
any moment” and “We cannot help you during the game”.

Observing the Cubes. Once the player informs that (s)he is ready to play, the Crea-
Cube research facilitator remove the cover of the cubes and the red point (right to the
player) and the black point (at the left of the player). Once the cubes are made visible,
the player observes them before grabbing them. While in some cases, the player takes
time before grabbing the cubes, in other cases the player grabs the cubes very quickly.
Therefore, the time it takes to observe (without manipulation) varies depending on the
subject.

Exploring the Cubes. After the cubes are made available, the player can pick them up
to further explore. In some cases, the exploration is made one cube at a time in a
systematic way while in other cases, the exploration is less structured, and the subject
takes more time with some of them. In this phase, some players identify the cube with
the wheels (white cube), the cube with the battery (dark blue cube) and the cube with
the sensors (black cube) (Fig. 3).

Fig. 2. A player reading the CreaCube game rules.
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Assembly and Disassembly of the Cubes. The player assembles and takes apart the
cubes to create a “vehicle” aiming to achieve the game objective of going from the red
point to the black point. By (dis)assembling the cubes, the player has the potential to
observe the effects of the different combinations of the cubes on the behaviour of the
assembled modular robot.

Testing the Solution. The player has assembled four cubes and places (his/her/their)
“vehicle” at the red point to test the solution. Based on the outcome of the solution, it is
considered successful or unsuccessful.

Unsuccessful Solution. When the “vehicle” does not succeed in moving autonomously
from the red point to the black point, the player should engage in other solutions by
(dis)assembling the cubes into a new form.

Successful Solution or Win State. A solution is successful when the player has
assembled the four cubes in a way (there are multiple solutions) that the cubes move
autonomously from the red point to the black point (Fig. 4).

The first time a player succeeds in the CreaCube game, (s)he is invited to play
again. The second attempt aims to identify at which point the player has learnt and
reflects on the features of the cubes during the first attempt, but also, at which point

Fig. 3. A player starting to explore the cubes.

Fig. 4. A player found a solution to the CreaCube activity.
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(s)he attempts to solve the problem by creating a different solution or trying to
reproduce exactly the first solution.

3.2 CreaCube Playful Activity

CreaCube game could be solved in different ways but is nearly impossible to solve at
the first attempt when the player has never manipulated Cubelets modular robotics
cubes before. Cubes exploration is required to ensure the player develops an under-
standing of the features of each cube and the relations between the cubes when con-
nected. The CreaCube game requires the player to engage in creative exploration,
trying to understand the role of each cube and develop a strategy to solve the game.
These game learning and learning mechanics [1] are considered optimal to solve the
game in a reflexive way, in which the player aims to understand the game and the
features of the robotic cubes. Nevertheless, some players engage in trial-and-error
behaviours, at different degrees of intensity and duration. To observe if players solve
through trial-and-error or a developed understanding of their trials, the research
facilitators ask them to play the CreaCube game twice. In the next section is introduced
the analysis of the CreaCube activity under the lens of the Learning Mechanics and
Game Mechanics (LMGM) framework [1].

4 The CreaCube Activity Under the Perspective
of the Learning Mechanics and Game Mechanics (LMGM)
Framework

The CreaCube game is constituted from the affordances of the Cubelets cubes chosen
for the activity (battery, wheels, distance sensor and invertor), the game rules providing
constraints, and a game objective to the player. The CreaCube play phase is the time
when the player is interacting with the cubes in order to achieve the game objective.
Through the play phase, the player is confronted by the intricacies of the mechanics and
design of the CreaCube game rules and the Cubelets cubes affordances. The gaming
experience is the way the CreaCube player feels during and after the play activity.
While players report different degrees of difficulty and time duration to achieve the
CreaCube activity, they report (spontaneously) the playfulness of the CreaCube
activity. Next section analyses further CreaCube’s mechanics according to the LMGM
framework [1] in the next section.

4.1 Learning Mechanics and Game Mechanics (LMGM) Framework

According to Arnab and collaborators “overall, the Learning Mechanics and Game
Mechanics (LMGM) model aims at providing a concise means to relate pedagogy
intentions and ludic elements within a player’s actions and gameplay” [1]. Game
mechanics involve a certain degree of interaction between the player and the game
artefact or other people involved in the game activity. Retroactivity is a key aspect of
the game mechanics as a mechanism of interaction, allowing the learner to advance
within the game [10]. The LMGM framework has been developed within the
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NoE GALA and refined subsequently [12]. LMGM is organised around Bloom’s
thinking levels [2]. The table below also introduce the LMGM within the CreaCube
activity (Fig. 5).

Fig. 5. Learning Mechanics—Game Mechanics (LM-GM) [1] and CreaCube activity according
to the Bloom’s thinking skills level.
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4.2 CreaCube Game Mechanics and Learning Mechanics

The CreaCube game requires the player to engage in creative exploration (explore
learning mechanics), try to understand the role of each of the cubes (hypothesis
learning mechanics) and develop a strategy to solve the game (strategy game and
learning mechanics). Below is a description of the main game mechanics and learning
mechanics engaged in the CreaCube activity.

Strategy/Planning Game Mechanics. The Cubelets should be assembled considering
the balance of the structure but also considering features on each cube.

Hypothesis Learning Mechanics. The manipulation of the cubes should lead the player
to develop a hypothesis that reflects his/her understanding of the expected behaviour of
each Cubelets (e.g. the battery cube should be on) and when assembled with others
(e.g. red cube should be situated before the black distance sensor cube to make the
structure move).

Experimentation Learning Mechanics. The CreaCube player should experiment with
the Cubes to understand their behaviour. Different structures should be experimented to
understand the balance and movement within the cubes.

Competition. Despite the CreaCube task not being designed for a competition game
mechanic, adult players still experience a certain competition game dynamic when
trying to do their best and not appear foolish when playing the game.

Time Pressure. The CreaCube game rules make it explicit that the game has no time
limits. Nevertheless, despite the CreaCube task not being designed for a time pressure
game mechanic, adult players experience a certain time pressure game dynamic when
trying to do achieve the task in the fastest way possible.

Explore. The creative exploration aims to understand the artefact, its attributes and
functions, to be able to manipulate the artefact and solve the problem. The CreaCube
game activity could help researchers analyse creative exploration in the context of a
problem-solving activity using parts of modular robotics unknown to the participant.
The CreaCube activity helps also providing an after-task feedback to the participant
making him/her more aware about his/her problem-solving strategies.

4.3 CreaCube and Creative Problem-Solving

The 85 participants of this exploratory study were between 6 and 60 year-old. Each
participant was video-recorded individually. Video observation shows a lot of inter-
individual differences not only among different age groups but also among the age
groups. However, it seems that children and adults have different ways of solving the
problems they face. Indeed, children facing any problem would tend to change the
shape of their construction (intended to be an “autonomous vehicle”), while adults
would tend to change the place of cubes and not the general shape of the vehicle. One
of the hypotheses to be deepened is that the way participants solve the problems they
encounter depends on their level of superficial (or more systematic) way of having
explored the cubes a priori and their understanding of the functions of each cube. Also,
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at the end of each activity, a few questions were asked to participants about their
understanding of the roles of each robotic cube, whether they were trying to make the
same vehicle during the second activity or about their main difficulties.

5 Discussion

The analysis of the CreaCube game activity is developed in this study under the lens of
the Learning Mechanics and Game Mechanics (LMGM) framework [1]. Through the
CreaCube activity, it is possible to evaluate problem solving skills while being in a
playful activity. The CreaCube game is open-ended which allows to observe different
degrees of creative problem solving [13]. The CreaCube activity is not only a game to
study problem-solving but also an educational game helping them to demystify edu-
cational robotics while playing with the Cubelets modular robotics.

Educational robotics (ER) is discussed in prior studies as playful activities in
relation not only to the appearance of the ER artefacts but also to the child-robot
interaction engaged during the ER activities. In this study, the analysis of the CreaCube
activity goes further by being based on the LMGM framework [1]. The
CreaCube LMGM engages the player within the different thinking skills levels of
Bloom [2] from retention to creation. Thus, the CreaCube game design is based on
creative exploration, experimentation, hypotheses and strategy/planning game
mechanics, and learning mechanics. Despite these mechanics, the way adult players
experience the task leads researchers to observe two game dynamics which were not
intended within the CreaCube task design: competition and time pressure. Despite the
CreaCube game rules explicitly stating that time is not limited, adult players put
pressure on themselves both in terms of internal competitiveness (trying to do their
best) and time completion (trying to achieve CreaCube’s objective the fastest possible).
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Abstract. This paper focuses on the use of Augmented Reality technologies in
relation to the introduction of game design elements to support university
medical students in their learning activities during a human anatomy laboratory.
In particular, the solution we propose will provide educational contents visually
connected to the physical organ, giving also the opportunity to handle a 3D
physical model that is a perfect reproduction of a real human organ.

Keywords: Augmented Reality � Gamification � Mobile learning � Medicine �
Human anatomy

1 Introduction

Usually, anatomy is the first subject faced by university students enrolled in medical
faculties. Although it is undoubtedly fascinating, there are not a few difficulties that
students have to face during the study of anatomy. The benefits of studying anatomy are
not important exclusively during the university career, but they are fundamental in many
disciplines and in particular the numerous surgery specialization, that receives a huge
benefit from having an excellent previous background in anatomical knowledge [1, 2].

Dissection is among the supports dedicated to the study of human anatomy. The
advantages obtained from the use of this technique are innumerable, and they cover
numerous areas such as the increase of direct student knowledge by practical skills,
creating the “life-death” experience that could result more traumatic if lived only later
[3]. Despite the widespread use of human dissection during the history of medicine,
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direct anatomy teaching by dissection has become gradually rarer over time. Clearly,
this deficiency undermines the possibilities of learning and training of new students so
that working to develop equally valid alternatives from an educational point of view
becomes a duty [4]. As a matter of fact, today, the teaching tools in Medicine are based
on classic anatomy books and atlases, with the growing support of web-based virtual
3D atlases as well as Virtual Reality models. The use of such technology has turned out
to be an excellent innovative instrument for students because it creates a transformative
learning experience, making it possible to visualize gross and microanatomical features
from a 360-degree perspective [5]. However, a major drawback of these technologies
evidenced by students is the inability to fully appreciate the differences within a real-
life sized organ or between two different organs.

Moreover, the rapid progress and diffusion of mobile and wireless technologies and
Augmented Reality (AR) offer a unique opportunity to develop innovative methods of
learning becoming ubiquitous in education [6, 7].

In this paper, we introduce an advance of an AR mobile educational system we
have presented in our previous contribute [8] where we have carried out a gamification
process in relation to some interactive exercises like quizzes and simulations in order to
enable users to have a fellfield learning experience on the 3D human organ model
enriched with dynamic virtual content.

2 System Details

As specifically described in [8], the system we have designed consist of three main
modules: server, content designer and a mobile AR interface. The server manages all
interactions between the other two modules and maintains the educational contents
database. It also includes a built-in database of human organ 3D models that are a
virtual representation of real human organs. Following [9, 10], to achieve proper virtual
representation of the models, we have carried out an accurate digital acquisition with
latest generation instruments and consequently the data-processing. This database was
used to map the models for AR recognition steps, to anchor the educational tags and
also to reproduce the real human organs with a 3D printer. Instead, the content designer
module is used, by the professor, to produce “education tags” enriched with 3D
coordinates relative to a virtual representation of the physical organ model. Then,
students will access the anatomy education contents and play exercises using the
developed mobile AR application. Starting from [8] in the next sub-section we will
introduce improvement and new features on AR Mobile module.

2.1 Mobile AR Module Advances

The user interface was designed for a mobile device like Apple iPad, and we developed
a mobile AR application that students will use during their study sessions. The AR
layer is used to show over a physical model the didactical contents loaded from the
“educational tags” database, as well as, to propose interactive quizzes and simulations
in order to check the acquired knowledge. A gamification process was carried out
integrating some game design elements into a set of exercises designed to improve the
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learning of the human anatomy. Because our interest was focused on how to improve
learning efficacy instead of assessing, according to [11, 12] trials and errors serve to
build up professional skills also considering that they have no fatal consequences.
Moreover, in the exercise module, an on-screen feedback mechanism was also
developed. Based on the work by Johnson et al. [13] we implemented two types of
feedback: outcome feedback that provides the student with information about his
performance and learning progress and process feedback that directs the student to
reach the correct answers. Using these feedbacks students can be supported in evalu-
ating their own preparation identifying the gaps to be filled. In particular, the feedback
is provided in the form of hints, error flagging, correct/incorrect response, with a range
of levels of help, so that students can continue to access educational contents also when
they are playing the exercises. Specifically, until now, four types of exercises have been
designed; one of which (the Correct flow) is related only to the heart organ:

• Correct flow: Considering the heart as an organ on which to test the acquired
knowledge, the student must trace the correct path of blood within the organ. The
system will check if the “touched” tags are correct and will provide positive or
negative feedback to the student.

• Answer the quizzes: the student has to answer quizzes whose correct answer cor-
responds to one of the “educational tags” visible on the screen (Fig. 1). Through
feedback, s/he can receive suggestions and know if the answer given is correct
or not.

• Dissection: the student has to identify in which part of the organ the required
dissection must take place by plotting on the screen the correct path that the scalpel
must perform.

• Memory: the student will have to place the “educational tags” in the right place by
dragging them on the screen.

Fig. 1. Interactive quizzes

Augmented Reality Gamification for Human Anatomy 411



3 Conclusions

In this paper, we introduce an AR mobile educational system that implements a
gamification process characterized by some interactive exercises like quizzes and
simulations. Our work highlights the potentiality of mobile AR and gamification in a
medical learning context. We think that the gamification process is able to substantially
improve the learning experience of the students. We are going to validate such feature
by introducing our tool during the ordinary anatomy lessons, starting from the month of
October 2018. In this release, we have used open source software for the annotation
part, and we plan to develop a proper software model devoted for this purpose. The AR
mobile application has been developed for the IOS platform, but we plan to provide it
also for other mobile OS such as Android.

References

1. Turney, B.W.: Anatomy in a modern medical curriculum. Ann. R. Coll. Surg. Engl. 89(2),
104–107 (2017). https://doi.org/10.1308/003588407X168244

2. Maresi, E.A., Argo, A.M., Spanò, G.P., Novo, G.M., Cabibi, D.R., Procaccianti, P.G.:
Anomalous origin and course of the right coronary artery. Circulation 114(22), e609–e611
(2006). https://doi.org/10.1161/CIRCULATIONAHA.106.634667

3. Azer, S.A., Eizenberg, N.: Do we need dissection in an integrated problem-based learning
medical course? Perceptions of first-and second-year students. Surg. Radiol. Anat. 29(2),
173–180 (2007)

4. Saguto, D., et al.: Survey on the demand of Sicilian physicians for a specific training on
human cadavers and animals. EuroMediterranean Biomed. J. 13(3), 9–14 (2018)

5. Yammine, K., Violato, C.: A meta-analysis of the educational effectiveness of three-
dimensional visualization technologies in teaching anatomy. Anat. Sci. Educ. (2014). https://
doi.org/10.1002/ase.1510

6. Arrigo, M., Kukulska-Hulme, A., Arnedillo-Sánchez, I., Kismihok, G.: Meta-analyses from
a collaborative project in mobile lifelong learning. Br. Educ. Res. J. 39, 222–247 (2013).
https://doi.org/10.1080/01411926.2011.652068

7. Adams Becker, S., Cummins, M., Davis, A., Freeman, A., Hall Giesinger, C.,
Ananthanarayanan, V.: NMC Horizon Report: 2017 Higher Education Edition. The New
Media Consortium, Austin (2017)

8. Arrigo, M., et al.: HeARt mobile learning. In: Gómez Chova, L., López Martínez, A., Candel
Torres, I. (eds.) Proceedings of EDULEARN18, 10th International Conference on Education
and New Learning Technologies, pp. 10899–10905 (2018). ISBN: 978-84-09-02709-5

9. Di Paola, F., Milazzo G., Spatafora, F.: Computer aided restoration tools to assist the
conservation of an ancient sculpture. The colossal statue of Zeus enthroned. In: International
Archives of Photogrammetry, Remote Sensing and Spatial Information Sciences,
XLII-2/W5, Ottawa, Canada, pp. 177–184 (2017)

10. Di Paola, F., Pizzurro, M.R., Pedone, P.: Digital and interactive learning and teaching
methods in descriptive geometry. Procedia Soc. Behav. Sci. 106, 873–885 (2013)

11. Graafland, M., Schraagen, J., Schijven, M.: Systematic review of serious games for medical
education and surgical skills training. Br. J. Surg. 99(10), 1322–1330 (2012)

412 A. Argo et al.

http://dx.doi.org/10.1308/003588407X168244
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.634667
http://dx.doi.org/10.1002/ase.1510
http://dx.doi.org/10.1002/ase.1510
http://dx.doi.org/10.1080/01411926.2011.652068


12. Spielberg, B., Harrington, D., Black, S., Sue, D., Stringer, W., Witt, M.: Capturing the
diagnosis: an internal medicine education program to improve documentation. Am. J. Med.
126(8), 739–743 (2013)

13. Johnson, C.I., Bailey, S.K.T., Van Buskirk, W.L.: Designing effective feedback messages in
serious games and simulations: a research review. In: Wouters, P., van Oostendorp, H. (eds.)
Instructional Techniques to Facilitate Learning and Motivation of Serious Games. AGL,
pp. 119–140. Springer, Cham (2017). https://doi.org/10.1007/978-3-319-39298-1_7

Augmented Reality Gamification for Human Anatomy 413

http://dx.doi.org/10.1007/978-3-319-39298-1_7


Digital Games as Tools for Enhancing Statistics
Instruction in the Early Years: A Teaching
Intervention Within a Grade 2 Mathematics

Classroom

Maria Meletiou-Mavrotheris1(&), Loucas Tsouccas1,
and Efi Paparistodemou2

1 European University Cyprus, 1516 Nicosia, Cyprus
m.mavrotheris@euc.ac.cy

2 Cyprus Pedagogical Institute, 2238 Nicosia, Cyprus

Abstract. Digital games hold a lot of promise as tools for improving mathe-
matics and statistics instruction in the early school years. The current article
presents a case study that explored the potential of well-designed, mobile
educational game apps for enhancing early statistics education. A teaching
intervention took place in a rural Grade 2 (ages 7–8) primary classroom in
Cyprus, which aimed to integrate mobile game apps Electric Company Prankster
Planet and Kahoot! within the mathematics curriculum, so as to support learning
of key ideas related to data collection, analysis and tabular and graphical rep-
resentation. The main insights gained from the study indicate that appropriate
exploitation of digital games can motivate young children and help them
internalize important concepts related to data analysis and probability.

Keywords: Educational games � Game-based learning � Statistics education

1 Introduction

In recent years, statistics education researchers (e.g., [1]), have been experimenting
with new instructional models focused on inquiry-based, technology-enhanced learning
and on statistical problem-solving. One promising approach lately explored is the
potential for digital games to transform statistics instruction. Although there only few
published studies on game-enhanced statistics education, the general thrust of the
evidence in the existing literature is positive ([2]).

Acknowledging the educational potential of educationally sound games for
enhancing statistics instruction in the early years, this case study focused on the
integration of well-designed, mobile educational game apps within the early statistics
classroom. A teaching intervention took place in a rural Grade 2 (ages 7–8) primary
classroom in Cyprus, and exploited the affordances of the mobile game apps Prankster
Planet and Kahoot! for supporting learning of key concepts related to data collection
and analysis.
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2 Methodology

2.1 Research Design: Scope and Context of Study

The teaching intervention took place in a Grade 2 classroom with 18 students, and
lasted for 80 min (two teaching periods). The class teacher selected the topic of Data
Collection, Analysis, and Representation, and developed a lesson plan and accompa-
nying teaching material which were aligned with the learning objectives specified in the
curriculum, and incorporated the use of mobile game apps. He shared the lesson plan
with the researchers for comments and suggestions, and revised it based upon received
feedback. Next, he implemented the lesson plan in his classroom, with the support of
the research team, and afterwards prepared a reflection paper where he shared his
observations on students’ reactions during the teaching intervention, noting what went
well and what difficulties he faced and making suggestions for improvement.

Central to the intervention was the game app The Electric Company Prankster
Planet, available on Android and iOS platforms. Prankster Planet is based on the Emmy
Award-winning PBS KIDS TV series The Electric Company, and it targets children
aged 6–10. It features eight unique quests with math curriculum woven throughout that
children have to complete to save Earth from the Reverse-a-ball machines of Prankster
character Francine, that are scrambling up all the words on Earth and are causing a lot
of confusion. Children complete a series of data collection, representation and analysis
challenges in order to shut down all eight machines hidden in the jungles, cities,
junkyards, and underground world of Prankster Planet. The app features side-scrolling
play and exploration in a 2D platformer world, an avatar creator with many cus-
tomization options, a rewards system to encourage repeat play, and the option of
collaborative play. The online gaming platform Kahoot! was also used during the
lesson.

2.2 Data Collection and Analysis Procedures

The researchers observed closely and videotaped the lesson, kept field notes, and
collected student work samples. Qualitative data were also obtained from the reflection
papers written by the teacher at the end of the lesson. The collected data were first
examined globally and brief notes were made to index them. Selected occasions from
videotapes were viewed several times and transcribed. The transcribed data, along with
other data collected in the study, were analyzed to identify and understand students’
interactions with the game apps and each other, and the ways in which these inter-
actions influenced their motivation and learning of statistical ideas.

3 Results

The observation of the teaching intervention indicated that the specific teacher had the
necessary skills and competencies for teaching this topic and similar statistical topics
using tablets and game apps. He selected appropriate game apps and exploited them to
organize teaching in a constructive, learner-centered way, so that his young students
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would have the opportunity to work together in constructing statistical concepts and
processes. Specifically, in several activities, children collaborated to build joint
understanding of the new concepts they had just encountered. For example, to respond
to some of the Prankster Planet questions, they worked together to understand and
interpret pie-charts, which had never been mentioned in class before (see Fig. 1).
Moreover, the process of assessing their learning process was transferred from the
teacher to the students themselves. Instead of standing in front of the classroom, the
teacher moved around to the different groups and offered assistance whenever
necessary.

As expected, the game-based nature of the lesson was well received by students and
increased their motivation. In the discussion that took place at the end of the inter-
vention, children expressed their enthusiasm about the games they engaged with during
the lesson, “because they gave [them] the chance to play and learn at the same time”.
Although expressing a preference for “the game where [they] had to prevent the Lady
from changing the letters” (i.e. Prankster Planet) which they found to be “more
adventurous”, they also liked the game on Kahoot! because it was set up as a contest.

In the reflection paper he wrote after the teaching intervention’s completion, the
teacher also noted that he was very impressed by the fact that the lesson ended up being
so successful. He pointed out that the use of games led to an effortless involvement of
all children, and contributed substantially to the achievement of the learning objectives,
but also to ensuring fruitful cooperation among learners and the collaborative con-
struction of knowledge in a creative and enjoyable way. Lastly, use of technology
worked exactly as he had anticipated, providing the opportunity to introduce in the
classroom activities with added value, that could not otherwise be implemented.

While the classroom experimentation further strengthened the teacher’s belief that
use of game apps can help create motivational and more conducive to learning envi-
ronments, it also helped him to build more realistic expectations about what games’
instructional integration might entail in practice. He recognized that games are not a

Fig. 1. A pair of students interpreting a pie-chart in Prankster Planet
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panacea, and that their incorporation into the curriculum does not guarantee improved
learning. He mentioned various challenges and drawbacks to digital games’ incorpo-
ration in the mathematics classroom, including time constraints, difficulties in locating
high-level games, the risk of the learning objectives being neglected for the sake of
playfulness, and language issues for non-native English speakers. He stressed the key
role of educators not only in choosing appropriate digital games, but also in “coor-
dinating classroom activities appropriately so as to keep children focused on the
achievement of the learning objectives”, and in facilitating learning by providing
scaffolding.

4 Conclusions

In accord with the research literature (e.g., [2, 3]), our research indicates to teachers,
researchers and mathematics curriculum developers that it is possible to teach statistical
concepts and processes integrated within the early the mathematics curriculum in more
constructive ways, by utilizing appropriate game apps to promote more inquiry-based,
student-centered pedagogical approaches. Use of educationally sound game apps like
the Prankster Planet and Kahoot!, encourages young learners to co-construct statistical
concepts and procedures, collaboratively engage in exploration of virtual worlds, and in
authentic problem-solving activities, and can help them to eventually become reflective
and self-directed learners ([4]). These digital games reinforce student independence,
ingenuity, creativity, personalized learning, as well as collaborative learning.

Of course, digital games’ success as a tool for learning statistics ultimately depends
on the abilities of teachers to take full advantage of their educational potential. In this
study, the class teacher’s knowledge and pedagogy contributed towards the creation of
an engaging environment in which students were encouraged to experiment with sta-
tistical ideas, using the mobile game apps’ environment as a tool.

A serious drawback of this case study is the lack of a rigorous research design that
would have allowed the drawing of robust conclusions and generalizations. Further and
deeper investigation into the use of mobile game apps to teach and learn statistical and
mathematical concepts in the early years of schooling is warranted and timely.
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Abstract. Since game-based learning require much planning and careful
design, and also tailoring the learning content to game structures, the uptake of
game-based learning activities remains limited, as their construction often
requires a significant amount of time, and the reuse capabilities of such activities
are minimal. This paper describes how the different components of a gamified
lessons path can be adapted and reused. In order to ensure the reusability of the
different learning paths, a set of minigame templates has been used.
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1 Introduction

The shift toward student-centric teaching requires uptake of new methodologies and
teaching practices. Gamification and gaming technologies offer opportunities in line
with the new demands [1] and can be used in order to achieve “learning at the speed of
need through formal, informal and social learning modalities” [2], which is the defi-
nition of pervasive learning. “The purpose of adaptation is to optimize the relationship
between the learning requirement and course content, hence, the learning outcome
could be obtained with minimum time and interaction expended on a course” [3].
However, while the intention of the adaption of a lesson plan towards fitting individual
needs is to increase the learning outcome and as Muhammed et al. write thus to spend
less time for the student, the effect on the teacher side is in an increase in effort.
Consequently, the teacher will often experience an overload of work.

Therefore, the deployment rate and their proper insertion in meaningful curricula
are still quite low. In addition there is certain reluctance towards the use of games, and
difficulties in adapting and integrating such learning tools in a simple and time efficient
way [4]. For digitalized learning paths, the re-use of components can contribute to
reducing this extra workload. As stated in [6] the goal of reuse strategies is to facilitate
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the reuse of components, assets and knowledge. Technically, systematic software-reuse
enables robust, faster and less costly design, development and implementation pro-
cesses. The key benefits of reuse are: better allocation of resources; enhance error
handling; enable standards compliance; and time compression.

The BEACONING project aims to foster a personalized learning experience and
provide teachers a tool that makes adaption and customization of lessons plans easier,
while focusing on the personalization of the learning units to specific student needs [5].
In order to ensure the reusability of the different learning paths, we use a set of
templates and a taxonomy described in [7]. This paper focuses on how the different
components of a gamified lessons path can be adapted and reused.

2 Reusing a Gamified Lesson Path

The Beaconing Platform provides several minigame templates that can be used to tailor
the learning content to specific subjects, needs and contexts. A minigame is a short,
modular, game-based activity that can be used to create learning paths.

A minigame, “Catch the intruder”, has been created using the Authoring Tool for
Context-aware Challenges (AT-CC) developed by Geomotion, Spain. The component
provides two minigame templates for location-based activities: “Treasure Hunt” and
“Follow the path” and it is one of the most innovative components of the project. The
AT-CC uses geolocation technologies and promotes creative learning by participation
in outdoor educational activities.

“Catch the intruder” has been customized to include three other minigames that
have been used to test the students:

– Two minigames, “It’s elemental” and “Molecularium”, that have been created using
the minigame templates “Drag IT” and “Match IT” developed by SIVECO,
Romania. The minigames are based on drag and drop actions. When using these
templates two main restrictions have been identified: the content that teachers can
create can be associated only with the images available in the case of the “Drag IT”
minigame template, or with the images and text available in the case of the “Match
IT” minigame template.

– The minigame “Atomix” that have been created using the “Generic Quiz – Multiple
choice” minigame template developed by Imaginary, Italy. This is a minigame
where students must check the correct answer from a given list. To make the
minigame more interesting and more challenging teachers can insert images to give
hints for the answer.

These four minigames were used to create several versions of GLPs to showcase
their reuse potential (Fig. 1):

(1) A GLP with a location based game and three minigames. This is a complex
GLP that is recommended due to its novelty and interactivity, as it includes both
outside and/or classroom activities. Students had to discover who stole an
important research paper. They had to find the intruder and the documents stolen
by visiting different locations in the city of Targoviste.
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After playing the location-based minigame, students are further evaluated through
three minigames, which are integrated into the narrative flow presented in the location-
based minigame to streamline and enhance the user experience:

– It’s elemental. In this minigame, students must discover the missing elements from
the periodic table. Based on the initial template, the minigame has been customized
to be finished within 120 min and additional information was provided when the
player reached the third location in the location-based game.

– Atomix. In this minigame, students had to give correct answers to five questions
about the characteristics and atomic structure of five periodic elements. No time
limit had been customized for this minigame, Some of the questions provided hints
for the answer.

– Molecularium. Students have to match the name of a chemical product with its
graphical representation. As a hint, students could use the chemical formula pro-
vided in the name, in order to identify the molecule.

(2) A GLP with only one location-based game. Unlike the GLP presented above
that customized existing minigame templates, this GLP has been created reusing
the structure of the GLP described above and it included only the location-based
minigame, ending the game flow at the first activity. Teachers can opt to shorten
an existing GLP, thus reducing the time required to customize the learning
experience, while enabling students to enjoy activities outside the classroom.

(3) A GLP with a location-based minigame and one minigame. Teachers can opt
to customize the GLP to include only two minigames, thus benefiting of the
outside the classroom activities and being able to further evaluate the knowledge
the student has acquired through a second minigame.

There are other options to reuse a GLP. For example, the extension and/or
improvement of the learning content of the GLP. This gives teachers the opportunity

Fig. 1. The narrative content for a location
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to create a GLP and improve it or customize it based on the feedback they get from
their students. Another option could be the reuse of the narrative content of the GLP or
the customization of the learning content of the minigames.

3 Discussion and Conclusions

Among the key issues identified by [8] we highlight the following: (1) The lack of time
available to teachers to familiarize themselves with a game, and the methods of pro-
ducing the best results from its use; (2) The amount of irrelevant content or func-
tionality in a game, which could not be removed or ignored.

The Beaconing Project addresses these challenges and provides authoring tools that
facilitate the customization of game-based learning activities. The teachers have the
opportunity to reuse games they are familiar with and customize them to fit certain
components of the curriculum, as well as specific learner needs. This significantly
reduces the time requires to create engaging learning experiences, and enables teachers
to use game features that support a certain learning activity. The paper presents a GLP
created using tools developed in the Beaconing project and discusses several means to
reuse and customize it. Future work includes testing of the customization capabilities,
in order to further improve the user experience.
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Abstract. Games are used in cultural heritage to engage visitors, to function as
learning tools, or even advertise a venue. However, games can be also used for
quick profiling purposes to overcome the cold start problem of personalized
museum applications. A profiling game aiming to extract users’ cognitive pro-
files was developed and tested with real users. The game follows the principles
of pop psychology quizzes. The results of the game showed its potential in
correctly predicting the cognitive profiles of users with average success rate
around 90%. Being an entertaining and engaging way to involve visitors with
diverse needs, games and especially profiling have a clear place in cultural
heritage and should be investigated further. Our future work will focus on games
that will try to predict different personality aspects, like Big Five dimensions.

Keywords: Games � Cultural heritage � Profiling � Cognitive profiles

1 Games in Cultural Heritage

Games are used in cultural heritage since they are considered good learning tools that
can increase visitor motivation and allow visitors to engage deeper with the informative
material, that can include images, texts, problem solving tasks, etc. [1, 2]. In addition,
museum games were found to increase the potential of creating personal narratives and
also to transform the visitor from a passive receiver of information to an active cultural
explorer [3].

Furthermore, it is not only the heterogeneity among cultural spaces, cultural content
and types of games that significantly increases complexity, but also among visitors.
Visitors comprise a very diverse crowd with different needs and expectations. Per-
sonalization of content is increasingly popular [4] and visitor models that link indi-
vidual preferences with cultural content need to be created. Nevertheless, in many
cultural spaces visitors might only visit once and the time constraints imply that per-
sonalization under these conditions might be highly challenging. In other words, what
content do we offer to new visitors of whom we have no previous information about
their preferences and needs? In this light, games are also considered as a tool with great
potential to create effective visitor profiles which have been used in the past as ways to
extract visitor profiles and quickly disseminate cultural content on social media [5].
Thus, the present work investigates the potential of a specifically designed game (mini
quiz) to create visitor profiles and (especially) to extract personality characteristics of
the visitors.
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A mini game/quiz was designed to be used in social media in order to advertise a
small archaeological museum in the Arcadia region in Peloponnese. However, the
game questions and theme had a generic character in order for it also to be used by
other similar venues in the region. The mini game was developed for two main reasons:
(a) to function as advertising games and increasing the digital visibility of the venue in
social media and (b) to allow quick user profiling.

The game/quiz is called “Who is your guardian Goddess?” and its purpose is for the
user to find her guardian goddess in antiquity by answering short questions. 12 ques-
tions are used, all deriving from Myers and Briggs Type Indicator (MBTI), a per-
sonality assessment test mainly used by industries for personnel selection [6].
The MBTI was chosen since it has been used in previous works for profiling games
with good results [5]. However, although the original test uses at least 64 items in
(short version) and 222 (full version) with 5 possible answers for each question, the
mini game only uses 12 questions with 2 possible answers (3 questions per MBTI
dimension as a minimum requirement for the elicitation of user profiles). The mini
game imitates the very popular pop psychology quizzes available on Facebook
(goo.gl/2zPamY).

In each screen, the user can provide an answer to a simple question (only two
possible options). After answering 12 questions the user reaches her results screen and
see the protective Goddess that corresponds to her personality. There were 16 god-
desses used as possible answers, each corresponding to a specific cognitive profile.
Mythological stereotypes for the personality of the different goddesses were used in
order to match them with the 16 cognitive profiles of users. The results were matching
the actual MBTI descriptions of the cognitive profiles. In this way, the player gets an
answer that describes her cognitive characteristics and the museum system gets the
necessary information in order to built a user profile that can be later used during the
museum visit to provide personalized cultural content.

Thus, currently using 12 items and only 2 possible answers per question in the
developed game, the research questions are:

• Does this game provide reliable cognitive profile results?
• What is its success rate with regards to the actual MBTI test?
• Can it be used as a quick profiling tool for cultural heritage?

The game can be found at: http://pilot3.crosscult.uop.gr/gameProfiler/ and it is
available in two languages (English and Greek).

2 Method

Social media were used (i.e. Facebook) to ask people to participate in the study. In total
there were 85 participants (33 men and 52 women) with an age range from 18 to 62
years. This study followed a within subjects design meaning that all participants had to
play the game and also answer a free version of the MBTI questionnaire (short version
with 64 items). The MBTI online free version that was used can be found at: http://
www.humanmetrics.com/cgi-win/jtypes2.asp. This particular version was chosen
because it is rather short and it would keep the cognitive load of participants low, thus
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increasing the chances of completing the tasks [7]. The present study follows the
principles of an e-study, meaning that there are many advantages, like low cost, easy
access to volunteers but also disadvantages like volunteer bias, generalizability of
results and the possibility of a high dropout [8]. Therefore, an online short version of
the MBT test was appropriate for use. Half of the users played the game first and then
the test followed and the other half of the users answered the test first and then the
game followed. All participants had to send the researchers an email with their game
results as well as their MBTI results. The collection of the data for the study started on
Saturday 13 May 2017 and ended on Tuesday 25 July 2017 (80 days).

3 Results

When the game results were compared to the MBTI test’s results, it was observed that
there were similar patterns between them. Each MBTI dimension was studied sepa-
rately and it was found that the game predicted 56 Extraverts and the test 62, 29
Introverts (game) and 23 were found with the test, the game also found 38 people high
in intuition and the test 59, 47 Sensors were found from the game and 26 from the test,
43 Thinkers found with the game and 34 with the test, the game found 42 Feelers and
the test 51, the game also found 55 Judgers and the test 60, and finally the game
predicted 30 Perceivers whereas the test 25. Based on these numbers the games’
success rate was calculated. In particular, the dimension Extraversion – Introversion (E-
I) was correctly predicted with the game 92.9% of times, the dimension Intuition –

Sensing (N-S) 75% of times, the dimensions Thinking-Feeling (T-F) 89% and the
dimension Judging-Perceiving (J-P) 94%. Since we wanted to correctly predict MBTI
dimensions from only 12 questions, the values of the two conditions should not differ
significantly. Indeed, when the two conditions were statistically compared, no signif-
icant difference was found, x2(49) = 56, p = 0.229.

4 Discussion and Conclusions

The findings of the present study showed a very high success rate of the game pre-
dicting the users’ cognitive profiles. With an average number of 88% success rate, the
game seems effective in quickly providing information for building user profiles. With
only 3 questions per dimension, the game was able to correctly predict the cognitive
profile of the majority of participants. Knowing personality characteristics of users of
different systems can be a valuable tool in profiling and personalization of content.
Going beyond cultural heritage such games can be used in other domains like edu-
cation. As also mentioned above, the present work followed the methodology of an e-
study, implying that we should be conscious regarding the generalizability of the
results. The game is intended solely for social media use and therefore, an e-study on
social media was appropriate since it targeted similar types of audiences (i.e. social
media users that play such games). However, the present game will be also tested with
museum visitor in situ at the Archaeological Museum of Tripolis in autumn 2018 and
the results will be compared. Moreover, the number of profiling games that actually
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predict the personality of the user is limited, so it is very important to concentrate on
the personality games that have already been created and need improvement. Thus, a
further study on the “Who is your guardian Goddess?” game is essential, in order to
further enhance the success rate. Finally, the present work used one test (MBTI), which
is widely used and popular with the industry. Nevertheless, our future work includes a
game, which is already implemented but not tested, relying of psychometric tests like
the Big Five [9]. The Big Five has a strong theoretical background and it provides
different types of information that might be very useful in a cultural heritage visit, like
openness to new experiences, etc. Therefore, the second profiling game is underway
and user testing is also expected in autumn 2018.
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Abstract. We introduce the HIVELET (Human Interactive Virtual
Experimentation for Low-burden Evaluation of Technology) approach
that uses rapid-play digital games to collect quantitative and qualitative
data on the effectiveness, acceptance, and impact of future and emerg-
ing technologies. The core principle is for the player to alternate between
two modes: selecting candidate capabilities with a game theoretic limit-
ing pressure, and executing a simulated mission using those selections in
a virtual environment. Alternating between the two modes allows us to
collect quantitative data on performance and preferences, improve the
trustworthiness of qualitative feedback, and increase the chance of dis-
covering novel uses. We report on preliminary results from applying the
HIVELET in a military context.

Keywords: Technology evaluation · Experimental results ·
Requirements analysis · Gamification

1 Introduction

Many technology programs are doomed to fail from the start if the capability
needed is misjudged. In the current state of Research, Development, Test, and
Evaluation (RDTE), these failures are usually identified late in the process and
are costly to mitigate [1,2]. Recognizing which technologies will be useful before
they have been developed, prototyped, and field tested is the main challenge that
motivates our research. Asking users what they want is a problematic approach
as experts tend to misjudge and fail to explain their decision making rational [3].
Since the design space is massive and complex, approaches like crowd-sourced
creativity [4] and wargaming [5] provide utility. Our approach is a mixture of
how games are typically leveraged in academic research and military wargaming
contexts.

In a military context, wargaming typically offers qualitative feedback to
inform planning, prediction, and rehearsal [6,7]. By contrast, research focused
games are often cast as experiments that provide quantitative measures for anal-
ysis [8,9]. Game theory has been applied in a number of gaming contexts [10,11].
While mathematically superior, these approaches are not well suited for dealing
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with the full range of human complexity. Additionally, rapid-play games are not
a novel concept in entertainment game design, but they are rare in the context
of non-entertainment games. Many design techniques developed for physical and
digital games over the last 20 years demonstrate the ability to reliably capture
complex strategic and social dynamics in a short play session in concise and
abstract formats [12,13]. A more complete set of related work can be provided
by the authors upon request.

2 Approach and Experimental Design

Rapid-play games have been used by our Laboratory in a range of domains,
including public health, chemical and biological defense, emergency manage-
ment, naval missile defense, air traffic control, and security operations [14,15].
To enable the desirable level of data collection, rapid-play games must be short,
accessible, and flexible. The HIVELET approach (Human-Interactive Virtual
Exploration for Low-Burden Evaluation of Technologies) focuses early-stage con-
cept exploration. HIVELET combines a market-based selection with rapid-play
digital simulations to collect quantitative data, improve qualitative feedback,
and crowd-source the ingenuity of human experts (Fig. 1).

Fig. 1. The HIVELET approach has players alternating between two modes capability
selection (left) and mission simulation (right).

Capability selection gives players freedom to select different combinations of
candidate capabilities, allowing them to formulate and explore novel strategies.
The selection mode provides a counter pressure to prevent a player from simply
choosing all available capabilities. The selection mechanism forces players to
think critically about what capabilities they really need and to prioritize them
by utility. Players judge not just if it is useful, but if it is useful enough to justify
a cost.

Mission simulation gives players a chance to try their selected capabilities in
a scenario to get feedback about their effectiveness and to build intuition about
what did or did not work well. The mission simulation is a rapid-play game so
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that the player can make multiple attempts within a single sitting to explore
different strategies, build intuition through iteration, and generate performance
and behavior data for analysis.

After completing the mission simulation the player continues to alternate
between the two modes, forcing them to combine abstract thinking about capa-
bility value with concrete feedback and intuition about how they performed
in a mission. Data collected during the game on player preferences, behaviors,
and performance and can be used in quantitative analyses that complement the
qualitative feedback provided by participants in post-gameplay discussions and
surveys. Researchers can vary the mission parameters to see how players change
their preferences and strategies. It must be noted that the technology options
were chosen to demonstrate the methodology and are not actual technologies
being considered by our U.S. Department of Defense sponsor.

We used the HIVELET approach to analyze how small unmanned aerial
vehicles (UAVs) might integrate into tactical infantry missions. The mission
simulator uses the Unity3D game engine to render a three-dimensional real-
time first-person virtual environment. The game modeled 29 capabilities, such
as radio-frequency (RF) sensors and UAV cameras. We conducted experiments
using 36 participants. Each participant attended a two and half hour session
including one hour of training, one hour of competitive gameplay, and 30 min of
discussion and paperwork. During the competitive gameplay hour, participants
cycled between capability selection and mission simulation as many times as
able. Capabilities were purchased using a random-price market.

3 Results

Our initial goal was to identify most valued capabilities, on the assumption that
those are of high actual utility. We collected each players technology selections
and prices over 263 recorded plays and ranked capabilities by frequency of selec-
tion and aver-age price paid. Clear patterns emerged, such as the real-time drone
camera, drone robot arms, and autonomous collision avoidance were consistently
ranked within players top five technologies and purchased at any price while the
drone paint job and slight improvements to infrared sensors where consistently
ranked in the bottom 15 technologies and only purchased at low prices.

By comparing the frequency and price rankings, we infer which capabilities
players truly valued; for example, the drone camera, live map, and drone robot
arms were clearly valued items for the modeled scenario as they are frequently
bought and bought at any price. Further analysis was conducted on combina-
tions of capabilities and clear synergies and redundancies emerged. Preliminary
experimentation indicates that the HIVELET approach can produces the nec-
essary data to evaluate these types of relationships with a relatively low burden
on participants.

Furthermore, we conducted analysis to determine if the data provided by
the HIVELET approach was meaningful. These analyses included convergence,
external consistency, internal consistency, novel lessons, individual impact, and
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demographic sensitivity. While our preliminary results provided insights into all
of these categories, we will only discuss the most significant two for brevity.

We analyzed convergence in order to determine if players were able to learn
the games interface, formulate a strategy, revise the strategy, and build a cohesive
opinion. We say that a players scores converged if the standard deviation of
their scores stayed below a threshold and that their preferences converged if the
number of changes between three consecutive plays was below a threshold. For
player score 62% of participants converged. For player preference convergence,
32% of participants converged. We only consider players who played enough
cycles to calculate convergence and these metrics do not account for cases where
a player converges and then later diverges.

External consistency is important since we want some confidence that players
are behaving and performing in the simulated environment in a manner simi-
lar to the real world. Some of that validation must be done qualitatively, since
we are inherently studying future situations that have never occurred. Quali-
tatively, participants with 20+ years of military experience self-reported that
the game felt like a real mission, made them make realistic tradeoffs, and was
credible in its measures of mission success. Quantitatively, we can measure how
a players self-reported preference during the post-game survey compare to their
implied valuation based on in-game actions. We observed strong alignment from
all players, even those with few plays.

Additional results on the remaining analysis (internal consistency, novel
lessons, individual impact, and demographic sensitivity) can be provided upon
request.

4 Conclusion

While the sample size (36 participants generating 263 total plays) limits the
strength of some conclusions, these are positive preliminary results that suggest
HIVELET has a role to play in RDTE. In a short period of time (two and half
hours per participant), players were able to learn a new game, formulate opinions
about the modeled capabilities, build strategies around those capabilities, and
express their opinions through the in-game market. Our findings support that
the opinions expressed are consistent, realistic, and potentially novel.
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Abstract. Serious games have been recognized as an innovative approach to
introduce instructional content of subjects at school [14]. In German middle
school career choice is part of the curricula to introduce different career options
and, at best, providing individual advice. Unfortunately, career choices of girls
are still influenced by missing confidence in their abilities, role conflicts as well
as resistant discrimination and harassment in the technology field [3, 11].
Women are also still underrepresented in the game industry, however, the
number of female players is constantly rising [7]. Considering this, serious
games seem to be a promising approach for girls to learn about career choice.
The following paper will combine career choice findings and game design to
present the German serious game “Serena Supergreen and the Broken Blade” - a
point-and-click adventure aiming at promoting girl’s self-concept and interest in
technology associated tasks. Results of a qualitative content analysis concerning
girl’s perception of the game will be presented.

Keywords: Serious games � Career choice � Girls

1 Gender Differences in Digital Games

In the last couple of years, the discussion about women and digital games has risen. It
has been observed that gender difference exists concerning the question, what kind of
games women and men play, how women are represented in video games as well as if
they perceive games differently [6]. And, although the game industry is still a strong
male-dominated domain, the number of female game consumer and developers is
growing [7]. However, the number of women developing games remains low, leading
to the assumption, that most games might not fit women’s aspirations. Since, video
games had made their way into the classrooms and are used for learning and to support
students to reach developmental goals such as career choices, this issue becomes more
important. Serious Games should be beneficiary for both boys and girls equally. In
alliance with this background information, two questions arise, (a) how should a game
for career choice look like - considering gender differences, and by that, (b) how can it
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support especially girls in their career choice in the field of technology? These two
questions were addressed within the development of the serious game “Serena
Supergreen and the Broken Blade” - a point-and-click adventure aiming at promoting
girl’s self-concept and interest in technology associated tasks.

2 Serious Games to Support Girl’s Career Choice

Serious games are interactive, based on defined rules, have a clear goal, and provide
feedback to the players [14]. However, the resulting entertainment or fun at serious
games is used to convey content in the areas of training, education, health, or attitudinal
change [14]. There are already several reviews on the effects of serious games on the
learning process and the learning outcome. The meta-analysis by Wouters and col-
leagues [14] found that serious games can have positive effects on learning, but in
certain contexts they do not necessarily have to be more motivating than traditional
teaching methods. Boyle and colleagues [1] have analysed 129 studies on serious
games with the result that the most common improvements occur in knowledge
acquisition and understanding, as well as emotional and motivational effects. Several
studies have shown that serious games increase motivation in the learning process [e.g.,
10, 13]. Previous research on serious games also has shown that the games can have
very different effects depending on the learning content and the playing characteristics.
In the U.S. games like Minecraft or the Sims have already been detected to engage girls
in career choice [5]. However, there are only a few serious games, that have been
developed explicitly to support girl’s career choice. Two examples are the browser
game Sitcom by the Donau University Krems and the game MINT-Land by the ETH
Zurich. Sitcom stands for “Simulation IT-Careers for WOMEN” and was developed as
part of an EU funded project in 2006 [15]. The aim of the game is to use simulation and
interactive games to interest girls between the ages of 12 and 16 for technical or
scientific studies. The career simulation game enables girls to accompany a woman’s
day-to-day work in one of the professions and solve work-related tasks. The game
MINT-Land was completed in 2011 and was also intended to arouse the interest of
female players in scientific and technological questions and to illustrate the everyday
relevance of mathematics, computer science, natural sciences and technology [4].
Although MINT-Land is not primarily intended for career orientation, it pursues the
long-term goal to motivate more girls choosing a specific career.

3 The Game Serena Supergreen and the Broken Blade

In order to address career counselling, we designed the serious game Serena Super-
green and the Broken Blade. The major goal of the serious game is to promote girl’s
interest in technical vocational educational training. The story of the point-and-click
adventure takes the player on a mission to earn money for a vacation on an island. The
player’s character “Serena”, has to master technical tasks during her mission. She is
supported by her two best friends and receives feedback on her tasks through other
male and female non-player characters. As Johnson and colleagues [8] point out,
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feedback in serious games can have different learning outcomes for girls and boys,
stressing girls might profit more strongly from feedback than boys. Thus, the feedback
strategies implemented in the game help to master the tasks and are central to building
the players trust in her own abilities. In preparing the game, we also let girls vote to
decide about the looks of the main characters. This motion is in consonant with
finding’s in career choice literature, that the identification with a role model is very
important to ascribe a certain activity to oneself [11]. The game starts on a very low
technical level and after mastering the first technical tasks successfully, they get more
challenging at the end. Since girls’ value social impact of engineering and technology
higher than their male peers [2], the tasks contain learning objectives regarding
renewable energies such as repairing a solar plant or a rotor blade of wind power plant.
To secure that all chosen technical tasks are part of technical vocational training,
German curricula of professions such as electronic technician or system mechanic have
been analyzed. The first evaluations of the game used in classrooms showed that Serena
Supergreen has a positive influence on the interest in technology and the assessment of
one’s own abilities in the field of technology [12].

4 Perception of Serena Supergreen by Girls and Boys

Since its launch, the game has been evaluated in various contexts. For this article, we
used a sample of 132 (f = 60, m = 72) students at the age of 13 to 15 years of three
different middle schools in Germany. A questionnaire was handed out after playing the
game at each school (playtime between 2 to 4 h). To evaluate the question, whether or
not Serena Supergreen is perceived differently by boys and girls, and, by that, can
contribute to girl’s career choice, we analyzed open question text material using a
qualitative content analysis approach [9]. The questionnaire contained an open question
in the category “enjoyment”. We analyzed the text material following the assumption,
that the game Serena Supergreen offers individual approaches for girls to master
technical tasks. As a result of the following coding process we identified different
gender specific perceptions. Answering the question, what was the most exiting ele-
ment within the game, girls most frequently pointed out “mastering new tasks” (18x),
“problem solving” (15x) and “the island” (6x), referring to the final quest about
renewable energies. As Hannah (15) describes, “I like about the game, that it is so
realistic and you always master new tasks. You can put yourself well into the story.” Or
as Tina (15) points out, “I always liked it when new tasks came up. The difficulty made
it more demanding.” Boys instead most frequently pointed out “fixing machines” (10x)
and “rescuing the monkey” (6x). As Bryan (15) describes, “I like most about the game,
printing the gear using the 3D printer, switching a light bulb in the pet shop and
soldering the solar device.”
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5 Discussion and Conclusion

In previous studies serious games have been ascribed an effect in learning outcomes if
they are methodically well developed. However, games characteristics are valued
differently by boys and girls. The serious game Serena Supergreen and Broken Blade
was explicitly developed to foster girl’s interest in the field of technology. The results
of our qualitative content analysis of text material answered by 132 students showed
that questioned girls described the mastery experience as most enjoyable characteristic
of the game, followed by societal impact (problem solving and renewable energies).
Thus, we stress, that the game design considered gender differences in career choice by
designing technical quests as enjoyable especially for girls. To support girl’s career
choice by a serious game, we recommend, (a) to implement mechanisms to strengthen
self-efficacy in mastering technology related tasks, (b) the learning content and the
game characteristics should be developed as closely as possible with the target group,
and, (c) provide social value, which has been identified as important to girl’s when
choosing a career in the field of technology. In future research these findings should be
further investigated.
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Abstract. Students with Attention Deficit Hyperactivity Disorder (ADHD)
experience difficulties in maintaining focused attention and remaining on-task
and often have comorbid Specific Learning Difficulties (SLD). Given the
characteristics of ADHD, interventions for the SLDs should be designed to
enhance students’ motivation and engagement. Augmented Reality (AR) can
improve students’ outcomes by enhancing attention and motivation. In this
direction, the ADHD-Augmented (AHA) project implements an evidence-based
intervention, supported by AR, to improve reading and spelling skills for chil-
dren diagnosed with ADHD.

Keywords: ADHD � Augmented Reality � Reading and spelling ability

1 Introduction

Digital learning solutions provide interesting opportunities to all students and, in
particular, to those with special educational needs. Specifically, Augmented Reality
(AR) can enhance students’ motivation and attention thus promoting better academic
achievements [1, 2]. Typically, students with Attention Deficit Hyperactivity Disorder
(ADHD) experience difficulties in maintaining focused on cognitive stimuli and often
go off-task [3]. Moreover, levels of motivation and academic engagement have been
found to be lower than those of children without the ADHD diagnosis and explain the
relationship between ADHD symptoms and academic achievement [4, 5]. A comorbid
diagnosis of a Specific Learning Difficulty (SLD) (e.g. reading and spelling difficulties
and writing difficulties) is also common [6] and tailored instructional interventions
should be designed since maintaining students’ motivation and engagement in the
educational activities is generally challenging. The ADHD-Augmented (AHA) pilot

© Springer Nature Switzerland AG 2019
M. Gentile et al. (Eds.): GALA 2018, LNCS 11385, pp. 436–439, 2019.
https://doi.org/10.1007/978-3-030-11548-7_44

http://orcid.org/0000-0002-0228-6204
http://orcid.org/0000-0003-3374-0307
http://orcid.org/0000-0001-9141-007X
http://orcid.org/0000-0003-1615-5675
http://orcid.org/0000-0002-0389-2804
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11548-7_44&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11548-7_44&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11548-7_44&amp;domain=pdf
https://doi.org/10.1007/978-3-030-11548-7_44


project [7] attempts to develop an evidence-based intervention, supported by the use of
AR, to resolve or reduce reading and spelling difficulties for children with diagnosed
with ADHD.

2 The AHA System

The AHA web-based system integrates the existing WordsWorthLearning© Pro-
gramme (WWL) [8] with AR solutions and functionalities of the Web Health Appli-
cation for Adhd Monitoring (WHAAM) [9], as shown in Fig. 1. WWL is a web-based
tool developed to improve reading and spelling skills in individuals aged from 6 years
to adulthood. WHAAM is a web-based service for monitoring students’ problem
behaviours across different settings. The AR solutions developed on the basis of an
effective literacy programme is expected to produce an incremental impact on reading
and spelling skills via its effect on students’ engagement with the task.

The AHA system is comprised of two main interfaces (Fig. 1). The AHA Training
interface, which allows children to access to the WWL activities supported by AR
contents. AR can be accessed from desktop, iPad or mobile phone using a camera and
is designed to catch students’ attention thus facilitating the reading and spelling
training. The AR contents includes (1) a AR WWL marker to visualise the AR objects
(as shown in Fig. 2); (2) a set of AR charts for consonants and vowels; and (3) a set of
AR flashcards. The vowel and consonant charts are used throughout the WWL tasks
and use AR to provide 3D examples of letters and their sound symbol association
(Fig. 2). The AR flashcards have reduced functionalities since no sound is related to the
AR object and no rotation is possible. The AHA Web monitoring interface provides
teachers and parents with a dashboard including the monitoring facilities to evaluate
their children’s engagement with the WWL task and their performance in AR-WWL.
The AHA dashboard is constantly updated from data received automatically from the
WWL AR programme. Specifically, in the toolbar for each child, four icons allow the
access to different functionalities:

• WWL Account, to monitor the child’s progress on the WWL activities;
• Case Data, to monitor the child’s results on the pre and post literacy assessment

tests of reading and spelling skills;

Fig. 1. The AHA system
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• Observations, provides teachers and parents with an interface to measure the level of
academic engagement (off-task behaviour) and results from the last observation made;

• Data analytics, to monitor student’s progress through several charts: scores at WWL
evaluation questionnaires (per level), time spent on WWL activities (weekly and per
level), and change in off-task behaviour (per session).

3 The AHA System as an Evidence-Based Intervention

The research design aims at evaluating the effectiveness of the AR WWL intervention.
To this purpose, at least 100 children with ADHD (4th to 6th class) will be recruited
from Irish primary schools. A pre- and post-test design [10] will be used: children will
be assigned to two intervention groups (AR-WWL vs. traditional WWL) and one
control group (without WWL). Aims of the study are to evaluate the effect of AR on
children’s reading and spelling abilities and the level of engagement with the learning
activities. Reading and spelling abilities are measured through the Neale Analysis of
Reading Ability (NARA-II) [11] and the Vernon Graded Word Spelling Test [12].
With regard to children’s engagement with the WWL activities, Direct Behaviour
Rating (DBR) [13] is used to assess off-task behaviour. An observer rates on a Likert-
type scale the occurrence of off-task behaviour in terms of percentage of time of the
entire observation period. In addition to the assessment of overall off-task behaviour,
ratings of motor, verbal, and passive off-task behaviours are obtained [14]. Each child
in both intervention groups will be observed during each session for 15 min. At the end
of the observation, the observer rates the occurrence of each type of off-task behaviour
using a slider interface tool (as shown in Fig. 3). The research will be conducted
obtaining an informed consent from all participants according to UCD’s Human
Research Ethics Committee approval and GDPR compliance.

4 Conclusion

The main idea of the AHA pilot within the prospect of future mixed reality educational
spaces [15], is based on the hypothesis that the creation of AR 3D objects [16] for an
existing online literacy programme can produce an incremental beneficial effect on
children’s reading and spelling skills via its positive impact on students’ levels of

Fig. 2. WWL AR content Fig. 3. Slider for off-task behaviour rating
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engagement with the task. The results will provide the basis for further development of
emerging technologies for digital learning solutions that can support the teaching and
learning process of children with ADHD reducing issues related to their concentration
problem. Moreover, the digital behavioural monitoring facilitates the creation of a
working team close to the child (parents, teachers, and therapists) that can support and
monitor the learning process, improve the home-school communication and collabo-
ration, and assist in the adaption of a tailored approach to ADHD challenges. The
results of the pilot will provide recommendations and a roadmap for policy makers,
institutions, educators, and language specialists in terms of usage of AR digital tech-
nologies in classroom and home settings to facilitate the academic success of students
with ADHD.
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Abstract. As automotive games are gaining interest, there is a lack in literature
on specifications, user needs and requirements. We collected information from
potential users on some basic features about two types of games for improving
the driver performance: driver games and passenger games. In a survey with 18
respondents, both the typologies have been considered appealing, with drivers
more interested in assessing performance and having suggestions, passengers in
having fun. The greatest difference involves the requirement that a driver game
should avoid distraction. Thus, the set-up phase should be doable when the
vehicle is stopped, the visual feedback, if any, should be very limited (e.g., color
spots), and most of the feedback should be provided through the audio channel.
Passenger games might have more complex plots, with chance factors, and also
support social interaction, for instance with passengers of other vehicles.

Keywords: Serious games � Mobile computing �
Usability survey � User interfaces � Internet of Things �
Games and infotainment � Smart cars � Vehicle safety

1 Introduction

Automotive games are getting ever more interest (e.g., [1, 2]). However, published
experience report usability problems [3] and little is available on user needs and
requirements. This paper focuses on information from users about serious games
(SGs) for improving driver performance. Use of the game itself can be clearly a source
of distraction. On the other hand, playing in the field, during the actual user activity, is
an important factor, that is being explored in the emerging “reality-enhanced” (RE) SG
genre. We focus on two types of games: Driver game (DG) and Passenger game
(PG) [4]. In both cases, the game is fed by drive data collected through vehicular or
personal device sensors, the difference is given by the target users.
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2 Design Considerations and Research Questions

2.1 Player Motivation

The gameplay must motivate users and keep them on track to improve performance.
This leads to our first research question. RQ1: How can we motivate users in
gameplay?

Several projects are testing the deployment features of games in vehicles [5].
However, the process of implementation comes with various questions concerning the
ease of use, safety, and motivation. Also, it is necessary to understand the game design
parameters, user preferences, and deployment analysis; then only a solid framework
can be determined for creating a suited user experience.

2.2 Game Logic and Impact

One reason for the drawback is, the transportation industry is more sensitive with
regards to driver safety and distraction. When a driver is given a secondary task (such
as learning), the focus from the primary task (driving) gets distracted, and hence that
could cause a mishap [6]. On the other hand, when deploying a minimal gaming
interface (e.g., [7, 8]), the user involvement decreases over a period of time because the
interface remains passive (certain elements of passive gaming are observing, listening,
etc.) for the users. If we make games more reactive and induce active gameplay then
again it might lead to distraction. Having this considerations in mind, the second
research question (RQ2) emphasizes the need for designing a suited game logic. RQ2:
How can we design a game logic to foster games for improving mobility quality?

3 Preliminary User Survey

The user survey focuses on the two mentioned game types: DG and PG [4]. In general,
we are interested in understanding whether the distinction between DG and PG is
reasonable, and whether the two types of games make sense. The test comprised 18
users, who were students/workers at the University of Genova (Age - mean: 28.2,
stdev: 5.5).

In the DG part, the questionnaire comprised four questions related to activities and
user expectations for gaming while driving (see Fig. 1). For each question, users could
choose more than one answer. From the results, we argue that a game should have
usual interaction modalities, essentially audio, with limited set-up, doable, when the
vehicle is still. Results on the main reason for gaming seem to suggest that real-time
feedback is assessed better than post-trip more detailed information (events displayed
on the map), and that self-improvement is valued more than competitions/comparisons
with other drivers. We thus see the need for an entertaining game and, overall, for a
precise, real-time analysis, with coaching capabilities.
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It seems that the game needs to be passive (i.e., the user does not interact with the
game HMI). On the other hand, timely feedback (e.g., audio) is typically needed for a
game. We thus argue that DG should rely essentially on real-time audio feedback,
while giving the opportunity to the driver to access more detailed information later.
This post-trip phase, however, does not seem to be particularly appealing, while most
of the effect is expected during the actual game. But how to engage the driver? This
approach does not preclude levels, nor score, and we thus believe that a proper design
should lead to compelling DG implementations (entertainment is anyway a requested
and distinctive feature). Proper mechanics for coaching (possibly also in real-time) are
needed, as performance improvement was indicated as the most important motivator
for a DG.

The second part was devoted to the PG (Fig. 2). Target users are the passengers,
who play a game whose gameplay is influenced by the driving performance of the
vehicle on which they are on. The game needs more entertainment, and the player
attention can be devoted more to the game. Thus, more fun could be added through
interactivity. In PG, driver performance could be one of the game factors, together with
the player ability. Driver performance, for instance, could enhance (or decrease) an
avatar energy or weapon force in a combat game. Respondents – despite being pas-
sengers - show a clear interest on analysis of the driver performance, this calls for
appropriate mechanics to precisely and timely indicate how the driver behaves and
could improve performance.

Fig. 1. User preferences questionnaire associated with DG
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4 Conclusions

The survey showed interest for both the PG and DG typologies, with drivers more
interested in performance and feedback, passengers in fun. The greatest difference
concerns that a DG should avoid user distraction. Thus, the set-up should be doable
when the vehicle is still, the visual feedback, if any, should be very limited (e.g., color
spots), and most of the feedback should be audio. PGs might have more complex plots,
with chance factors, and support for social interaction, (e.g., with other vehicles pas-
sengers). In both types, the duration should not increase the workload. Despite
neglecting some factors (e.g., privacy), we think that our findings could be useful for
future research.
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Abstract. The aim of this paper is to address methodologically the challenges
that arise when measuring attitude changes toward video game content. Drawing
on findings from two pilot studies (N = 18, 25) and field notes from an ongoing
empirical study (N = 140), we have identified three key challenges: reliability of
measurement of attitudes, standardization of game experience for each partici-
pant, and measurement of attitudes toward socially sensitive topics. In this
paper, we outline our research design that tried to address these challenges. In
particular, we propose modifying the game, used as a research tool, to maintain
player agency while ensuring all players engage with the measured phenomena.
We also recommend using the concept of attitude strength in order to measure
effectively attitudes toward socially sensitive topics. Overall, this paper provides
preliminary insight into research on video games and attitude change within the
field of digital game-based learning.

Keywords: Attitude change � Czechoslovakia 38–89: Borderlands �
Explicit and implicit attitudes � Serious game � Representation of history

1 Introduction

Video games give players agency and, to varying degrees, control over their experi-
ences. This subsequently affects emotions. They are also one of the few media that
allows players to feel guilty because of the decisions they make during the game [1].
Both interactivity and emotional impact have the potential to affect attitudes [2].

However, the effect of video games on players’ attitudes is still a scarcely re-
searched domain. There is only limited evidence on how playing video games impacts
short- and long-term changes in attitudes toward content depicted in these games [3].
The aim of this paper is to address methodologically the challenges of empirical study
design measuring the impact of video game playing on attitude change. We will draw
on findings from two pilot studies (N = 18, 25) and field-notes from our ongoing
empirical study (N = 140).
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This study is part of a larger empirical study on the effects of a historical game
Czechoslovakia 38–89: Borderlands on players’ attitudes toward historical content;
namely, the expulsion of Sudeten Germans from Czechoslovakia after WWII.

2 Reliability of Measurement of Attitudes

In order to assess players’ attitudes toward game content reliably, the following three
issues must be taken into account. (a) The most common technique for measuring
attitude change is self-reports assessing explicit (conscious) attitudes. However, when
dealing with socially sensitive topics, participants may tend to avoid giving an unde-
sirable impression. They may present themselves in a way that seems to gain social
approval or have respectable characteristics [4]. As such, self-reports may suffer from
participants’ impression management [5]. Therefore, we also recommend indirect
attitude measurements which do not possess these limitations. They access implicit
(subconscious) attitudes: usually through measuring participants’ response times for
their evaluation of attitude objects [6, 7].

(b) Participants’ moods may affect attitudes and possible changes thereto [8]. Hence,
assessing participants’ positive and negative affects before every attitude mea-
surement may reveal important correlations, e.g. through Positive and Negative
Affect Schedule (PANAS) [9].

(c) Attitude persistence and formation are still debated among social psychologists
[10]. Empirical evidence suggests that participants’ implicit attitudes can be
affected by exposure to stimuli related to the measured phenomena immediately
before attitude measurement [11]. As a result, the research design should also
include a delayed post-test: at least several weeks after the intervention in order to
measure long-term attitude change.

3 Standardization of Game Experience for Each Participant

The interactive nature of video games provides players with relative freedom of choice.
However, researchers must deal with limited control over different players’ experi-
ences. This issue must be considered when selecting a game. In our case, we chose as
our research tool the serious game Czechoslovakia 38–89: Borderlands. It is a narra-
tive, adventure game based on historical research and personal testimonies. The game
was chosen deliberately since we are its developers. We identified all the dialogue
options containing information about the expulsion of the Sudeten Germans (i.e. the
key information messages). We purposefully redesigned the dialogue options, so that
players could pass through the game in different ways. However, at some point, they all
naturally encountered the key information messages. In this way, we managed to create
a standardized gaming experience for each player during multiple sessions of our
experiment; and without apparent limitations on the player’s agency.
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4 Measurement of Attitudes Towards Socially Sensitive
Topics

Attitudes do not serve only as a guide to how to behave toward a given object, but they
also have a symbolic function which is affected by our self-perception and our values
[6]. The topic of the expulsion of Sudeten Germans from Czechoslovakia still arouses
passion and has the potential for in-group bias among our Czech participants. There-
fore, we used the concept of attitude strength [13]: assuming that if attitudes are
stronger, they are also more stable over time and across various situations [12].
Stronger attitudes are more accessible, extreme, less ambivalent and held with a high
level of conviction [13]. They also possess high levels of ego- and issue-involvement
and knowledge base [6]. All these indicators allowed us to identify possible irregu-
larities in attitude change caused by in-group bias.

5 Final Research Design

As a result of dealing with the above-mentioned challenges, we created the following
research design. It used pre-test/post-test design with a second delayed post-test one
month after the intervention. The number of participants (Mage = 20.6) ranged from 3
to 11 for each session. They were recruited through sites offering short-term jobs.

We had one experimental and one control group (n = 73, n = 67). The experi-
mental group was exposed to a modified version of Czechoslovakia 38-89: Border-
lands, while participants in the control group played the fantasy game Trader of Stories
[14]. During the first phase of data collection, we gathered data on participants’ initial
positive and negative affects using PANAS. Then we evaluated participants’ initial
implicit attitudes through the Single Category Implicit Association Test, SC-IAT [15],
which is derived from the Implicit Association Test, IAT [7]. IAT compares relative
attitudes toward two complementary attitude objects (e.g. female and male, war and
peace, etc.). As we intended to measure implicit attitudes toward only one historical
concept, SC-IAT was more suitable. Next, we collected data on explicit attitudes using
two questionnaires. In the first one, participants evaluated the expulsion of the Sudeten
Germans using a five-point semantic differential scale with seven bipolar adjectives. In
the second one, explicit attitudes were assessed through ten evaluative statements (with
7-point Likert items).

After the pre-test phase, participants were exposed to two 30-min interventions of
playing Czechoslovakia 38–89: Borderlands separated by a 10-min pause.

The post-test phase of data collection followed the same pattern as the pre-test
phase. Then, we collected qualitative data from our participants through focus groups.

We organized a delayed post-test three to five weeks after the intervention. In it, we
followed the same pattern from the pre-test but with one additional questionnaire
focusing on participant activities during the previous month related to the expulsion. At
the end of the delayed post-test session, we again collected qualitative data through
focus groups: this time examining participants’ relations to the borderlands.
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6 Discussion

Data from the main empirical study was still being analyzed at the time of writing this
paper. However, preliminary results and the results of our pilot study [12] suggest there
is viability and internal validity for our research design. Qualitative feedback did not
indicate any systematic or random errors in our measurements.
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