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Abstract

Interactive displays (IDs) are increasingly employed in informal learning environments,
where they are seen as a medium for enhancing students’ creativity, and engagement.
Due to the larger space they provide and thus the larger interaction area, they allow for
group-work, working in parallel, co-creating artifacts or co-experiencing the interaction in
a playful manner. In particular, gaming activities in IDs enhance students’ mental exercise
and fantasy and promote students engagement through rewards and collaboration.
However, despite the increased prevalence of interactive displays and gamification, we
know very little about how designers and instructors can gamify their learning activities
by taking advantage of the IDs. In this paper, a framework for developing gamified
activities for interactive displays is presented. For the empirical evaluation, pre-post
attitudinal surveys and cognitive tests along with photos and observations were recorded
and used. The contribution of this article is twofold: 1) an adaptable framework for
developing gamified activities on interactive displays (GAID), and 2) the results of a field
study where students have been engaged with an interactive display application during
an extracurricular activity. By incorporating GAID to a traditional informal learning activity,
it is found that students’ knowledge acquisition, satisfaction, enjoyment and intention to
participate on similar events in the future are significantly improved.

Keywords: Interactive Displays, Gamification, Informal Learning, Empirical Evaluation,
Knowledge Acquisition

Introduction

With advances in interactive displays technology and increased levels of affordability in
recent years, there has been a growing interest in exploring their use within educa-
tional contexts. Large interactive displays are now available through several vendors
and many learning applications have emerged. Informal learning environments, like
museums, science centers and aquariums, have received particular attention from the
education research community, as supporting social interaction and collaboration is
highly related with learning and engagement in informal environments (Giannakos et
al., 2014). Several studies have established that interactive displays have the potential
to engage students in meaningful collaborative learning, especially during an informal
learning visit (Antle et al.,, 2011; Rick & Rogers, 2008).
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Using the various affordances of interactive displays via gameful applications opens
new avenues for enhancing students’ mental exercise, fantasy, creativity, and communi-
cation; however, gamifying a “traditional” informal learning activity (e.g. museum visit)
by exploiting interactive displays affordances, entails numerous design and develop-
ment challenges (Cassell 2001; Giannakos et al., 2014; Klopfer et al., 2005). Notably,
there is little evidence in the literature that clearly explains models allowing designers,
developers and educators to create and put into practice engaging and efficient gameful
activities on interactive displays.

Based on these conditions, the opportunity to improve interactive display game
enhanced learning within the context of informal learning in science centers and
museums emerge. Hence, it is of great importance to investigate: How to design
gamified learning activities by exploiting interactive displays capabilities in an efficient
and low cost and effort manner.

In this paper, the contribution is two-fold:

1) Presenting a framework for developing gamified activities on interactive displays
(GAID),

2) Empirically investigating the added value in students’ learning and engagement of
interactive displays for museum informal learning.

Related work

There is growing interest in investigating the use of interactive displays in different
domains, due to their decreasing cost and increasing commodity/availability. Interactive
displays have been used for gaming and entertainment (Tse et al., 2011) and support
informal learning activities (Klopfer et al., 2005). However, little evidence exists on how
to create and put into practice engaging and efficient playful activities on interactive
displays. Most studies are focused mainly on how to motivate and engage users while
working on an interactive display (e.g. Haesler et al., 2016). However, there are limited
resources regarding empirically tested frameworks or models.

Weitze et al. (2012) proposed a concept model for designing engaging and motivating
games for learning: the Smiley-model. By conceptualizing the learning design (e.g. pre-
requisites for learning setting, learning goals, content) researchers produce a frame that
includes the essential game elements (e.g. goal, action space, rules, feedback). Through
the use of motivation factors (e.g. curiosity, competence and social relations), they
propose that children will reach the serious, respectable, and core design value: fun in
the educational game (Weitze et al., 2012). Increasing children’s intrinsic motivation
while learning seems to be an important factor. Despite the fact that Smiley-model was
developed based on traditional theories (like participatory design, prototype develop-
ment etc.), it is mainly considered as a theoretical model. Researchers claim that their
model may be used as an inspiration for the design of other learning games. Other
gamified systems have been focused on keeping users engaged while learning new
techniques and tools (Dichev et al., 2014). Songer and Miyata (2014) propose a model
for the design and mostly the evaluation of playful experiences in systems of learning
that is based on behavioral psychology, anthropology and game studies. Their Playful
affordances model propose having game-like experiences as ultimate design goals. They
also propose that the best qualities of game design will need to utilize more than just
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game mechanics, namely elements that afford the autotelic experience of play. There
have also been studies like Knaving and Bjork (2013) that propose design suggestions
for a good gamification experience. Although a reliable evaluation of such systems or
concept models has yet to be performed, the early results are encouraging (Kim et al,,
2015). For example, Mildner et al. (2015) conducted a user study to investigate which
game characteristics can improve user’s motivation and learning success on an inter-
active quiz game. However, in this study we highlight the need for a more tangible and
structured framework for gamified activities for interactive displays that needs to be
evaluated.

One of the first studies on multi-touch technology applied to education was “Read-
it”, a game-based application, designed to support the development of reading skills in
children aged 5-7 years old (Sluis et al., 2004). The results of the pilot experiment
showed that children enjoyed playing the game and that the technology was not an
obstacle to learning.

In another noticeable study, Piper and Hollan (2009) compare learning through multi-
touch technology to learning using a paper, a pencil and a desktop in a neuro-science class
of 20 students at the University of California (Piper & Hollan, 2009). They found that
students studying on the multi-touch were able to overcome problems on their own and
repeated activities more often. In addition, greater playfulness and enjoyment were
noticed while students were working in the multi-touch display.

In a more recent study, Ardito et al. (2013) proposed a new educational format,
inspired by the Discovery Learning Technique. Researchers integrate educational
games, designed to be played on large multi-touch displays, with other types of formal
and informal learning. Ardito et al, (2013) showed that their proposed educational
format is effective and that games on these novel multi-touch systems engage pupils
very much, stimulate their collaboration and help consolidating knowledge. According
to the study of Hwang et al., (2015) larger multi-touch surfaces found to be more bene-
ficial to students’ learning due to the fact that students can more easily collaborate and
practice their problem-solving skills.

There have been some quantitative studies in the literature investigating the use of
interactive surfaces either in labs (Buisine et al., 2012) or in museums. Horn et al.
(2012) describe visitor interaction with an interactive tabletop exhibit in a natural his-
tory museum. They analysed conversations between participants and quantified holding
times of recruited and non-recruited groups around the interactive game-based exhibit.
They show that visitors were engaged for prolonged periods of time. Along the same
lines Hinrichs et al. (2011) investigate how visitors interact with a large interactive table
exhibit using multi-touch gestures. Researchers quantify occurrences of various multi-
touch gestures around the interactive museum exhibit. In Horn et al. (2012), the con-
cept of Active Prolonged Engagement is discussed. Researchers’ goal is “to shift the role
of the museum visitor from that of recipient of instructions and explanation to that of
participant”. Although they have managed to engage the visitors in focused, on-topic
interaction with the exhibit for longer periods of time, they have not conducted
research on the learning outcomes.

In Zaharias et al. (2013) empirical study, researchers assessed the learning performance
and user experience between a group that followed the traditional learning procedure in a
Museum and a group in which students interacted with a multi-touch application
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dedicated to the Museum. Although their results show non-statistically significant differ-
ences in the learning performance, the second group reported its perceived experience to
be at significantly higher levels.

While previous studies have assessed engagement and learning with multi-touch tech-
nology, the great majority concentrate on qualitative analyses (Hinrichs & Carpendale,
2011; Horn et al., 2012). Quantitative analyses of engagement and learning are less com-
mon, particularly for studies that have been conducted outside of laboratory or controlled
settings (Horn et al., 2012).

Our aim, in contrast, is to add to this body of research by quantifying students’
engagement and learning in a real-settings environment. In particular, this research is
intended to shed light in the area of how interactive display games could be designed
to engage students with the content during an informal learning activity. We present a
framework for interactive display gamified learning applications, and then put this
framework into practice. In particular, in order to validate our framework, we
conducted a field study, collected empirical data and provide insights that enable
scholars and educators to efficiently design and use interactive display games to
support informal learning activities.

Gamifying activities for interactive displays

Gamifying for learning

Gamification is defined as “the use of game design elements in non-game contexts” aim-
ing to increase engagement and motivation (Detering et al., 2011). The term Gamification
is young, however there has been a lot of interest in both academia as well as commercial
applications (Detering et al., 2011; Dominguez et al., 2013). Gamification has been used
more and more to increase both user activity and retention in the fields of interaction
design and digital marketing (Detering et al., 2011). It has been applied in many different
fields, like finance, health, education, and entertainment media to mention few (Detering
et al,, 2011, p.9). According to the literature review of Hamari et al., (2014), gamification
is becoming a more popular subject for academic inquiry and industry and thus, empirical
results on the effectiveness of gamification are in great demand.

The area of education has received particular attention from both researchers and
industry as a field to apply game concepts (Giannakos et al., 2014; Horn et al., 2012;
Klopfer et al., 2005). Its motivational nature and its potential for increasing engagement
are thought to have positive effects on students (Detering et al., 2011). Gamification of-
fers concrete advantages that could be useful in a learning context: immediate feedback
and reflection, competition, collaboration or self-study. According to Hamari et al’s
literature review (2014), the context of most studies on gamification is about education
or learning; more importantly, all studies in this context consider the learning
outcomes of gamification as mostly positive, for example, in terms of increased motiv-
ation and engagement in the learning tasks as well as enjoyment over them. On the
other hand, there are certain risks in terms of content and assessments, as well as
focusing on measurable results and losing important cognitive and affective aspects of
learning (Dominguez et al., 2013). Hence, despite recent attention on gamification for
learning, some researches claim that there is limited evidence that gamified applications
designed for learning are successful (e.g., see Linehan et al., 2011) and others’ studies
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point out the negative outcomes, which need to be paid attention to, such as the
effects of increased competition, task evaluation difficulties and design features
(Hamari et al., 2014).

Proposed framework for interactive displays

The proposed model intents to serve as a base for the design and the development of
different applications; therefore, it is important that the instructions, as well as the
implementation, are kept easy to follow as well as easy to modify. Features beyond the
absolute core should be optional, as all features may not be interesting or suited for all
variations of the application. Hence, it makes sense to keep different stages and features
at a different module. By moving them into their own module, it is easy for an applica-
tion to add or remove features as they gain or lose relevancy. Keeping features in separ-
ate modules has the added benefit of making them easy to maintain and modify. In
addition, instructors are able to give more attention and thus extend some specific
modules depending on what is their main learning aim.

The main idea is to provide a simple way to increase students’ engagement with the
exhibited artifacts (e.g., in a museum). The model does not aim to provide sophisticated
approaches for reaching high demanding exhibits and/or students, but focuses on
providing a “disruptive” low cost and low effort solution for a regular exhibition and
artifacts, within a regular informal learning activity.

The proposed framework is grounded on three epistemological traditions in relation
to learning: Behaviorism (knowledge is gained through experiences), Cognitivism
(knowledge is negotiated through experience and thinking) and Constructivism (know-
ledge is constructed). Based on these epistemological traditions, we formulated the pro-
posed framework with three different stages. According to Ertmer et al. (2013),
powerful frameworks for instruction have been developed by designers inspired by
these three perspectives. However, Ertmer et al. proposes that “successful instructional
practices have features that are supported by virtually all three perspectives”. In an
effort to develop a framework that takes into account the variety in cognitive process-
ing required by the task along with the level of the learners, the three instructional
approaches are combined. In Table 1, the different stages of the framework along with
their characteristics are depicted.

The three different stages intend on introducing students with exploring, applying
and finally creating the exhibited artifacts. The first stage (called also exploration stage),
or at the beginning of the activity, students can navigate in a playful explorative way
through the artifacts and review all the metadata and the related information. This is a

digital augmented space, where students can explore the artifacts in a similar manner

Table 1 The instructional approaches of the proposed framework stages

Framework stage Instructional approach Framework implementation approaches

1. Exploration stage Behaviorism Navigate through / explore the artifacts
Gather more information (Internet / Local database)

2. Application stage Cognitivism Short quiz game while interacting with the artifact
Play / Interact with co-player
Understand the properties of the artifact

3. Creation stage Constructionism Replicate / Create an abstract version of the artifact
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to the traditional activity (Fig. 1). In this stage, instructors must mainly create a visual
database with the artifacts and the information that they consider important for
learning by the students.

The second stage (called also application stage) contains a simple, with progres-
sive difficulty game/quiz (see Fig. 2); the simple quiz game can be played by two
players either as a team (“team mode”) or against each other (“versus mode”). The
only design difference between the two modes is that in the versus mode each
student has his/her own “control area” and the button supports both single and
dual finger touch; this is an affordance in order to allow students to make the
appropriate selection with only one button (Leftheriotis et al., 2015). The main idea
for the second stage is that students should interact with the artifact centred in
the middle, by manipulating it (zooming, rotating etc.). In this way they are able to
find the needed information and select the correct option related to the artifact.
Both options supported by imagery and a plain textual description; this allows us
to decrease the text. As Dichev et al. (2014) propose, it is consisted of many
short-term achievable goals to maintain engagement and is implemented as short
quizzes or “well-designed bites” for the player (Weitze et al, 2012). In this stage,
instructors have to design a number of such short quizzes that will make their
students play with the artifact and learn about the subject. The game quiz applies
certain game elements, like score, time constraints, competition, collaboration, to
mention few, and aims on encouraging students to interact with the artifacts in a
more prescriptive manner. Apart from the score, the application provides both
sound and visual feedback to the users (depending on their answer) in order to be
more entertaining. After making the respective selection, the system also gives to
the users more information concerning the artifact with both visual material
(pictures or videos) and additional information in text.

Fig. 1 An example of the first (exploration) stage where users are able to view the artifacts (paintings of
plants in this case) by rotating a carousel of photos
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General information related to the Artifact

Option 1 Option 2
Information related
to option 2 alongside
with visual aids

Information related
to option 1 alongside
with visual aids

Player 1 Player ™
Time: 0:00° 9 Score: 16/ 18 Time: 0:00-. * Score: 16/ 18

Time
constraints Competition

Fig. 2 The main elements of the application include the artifact in the center of the screen, the two
alternative options in left and right side, the personal control areas in lower left and lower right part of the
screen, the gamification elements in lower middle part of the screen

The third stage (called also creation stage) contains a drawing application where
students use some basic connect-the-dots guidelines in order to create an artifact.
Students can simultaneously interact on the surface in order to draw the represented
by the dots artifact. This stage has been designed to encourage cooperation between
students and allow them to express their creativity by reflecting their own view on the
artifacts (Fig. 3). Instructors will have to design a collaborative creative task that, in
order to be completed, will demand from the students to combine the things they have
learned in the previous stages.

The proposed framework was developed in order to be easily adapted by the
instructor for the desired extracurricular activity. Concerning the hardware, all that
is needed is an interactive display. An off-the-shelf low-cost multi-touch monitor
can be a stable and obvious option. Regarding the software, all three stages of the
proposed framework are easily modifiable without the need of complex coding. In
general, the model can be easily adjusted to the desired curriculum by loading and
modifying the pictures of the artifacts and the corresponding texts.

Fig. 3 A screenshot of the third stage (creation stage). Two students are working simultaneously in order to
Create an artifact
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This framework was designed so as to give more autonomy to users. Users are able
to set their own goals and make their own choices (especially in the first exporatory
stage and third creative stage). That is the main idea behind “meaningful gamification”:
helping the player to continue on their exploration of the desired context (Nicholson,
2015). Instead of considering gamification as a panacea for motivation, (Kim, 2015)
propose that people’s autonomy should be respected in any attempt to engage them
and influence their behavior. Furthermore, a thorough understanding of the target
audience, the nature of the target activity, and the gamified learning content is needed.
Otherwise, gamification of education can become exploitative (Rughinis, 2013). By
letting the users explore, search and understand the context with the help of the
interactive screen (first stage of the framework), they preserve their intrinsic motiv-
ation. The proposed framework supports different affordances for play. It gives the
opportunity to users to present a playful behavior, explore the content, and makes
interacting with the activity more effortless and fun (especially in the third creative
stage); Hence, instead of taking an action out of extrinsic motivation by using an
external reward gamification scheme that might abstract users, we propose a frame-
work that promotes learning, and hopefully allow the user to find and develop intrinsic
motivations related to the activity (Knaving et al. 2013). In addition, with this frame-
work, we deal with another drawback of gamification: over-competitiveness. During the
second stage of the framework users are free to select whether they will play as a team
or against each other while in the overall framework team-play and mutual understand-
ing is supported.

In order to provide a proof of concept, we applied the proposed model to differ-
ent exhibits. In particular, the interactive display application was developed in Kivy
MT! framework and was then adjusted to different archives. We have deployed the
proposed framework in various settings such as a library museum and a deaf
museum and we have also developed material for other scenarios (e.g. historical
archives or ecology information). In Fig. 4 the application stage of the developed
applications is depicted.

Anépuan oy Noppavsia Exteveis foppapdiopot

Remin pendlioss

Gregor Mendel

Who is considered
as "the father of

modern genetics"?

Fig. 4 Different examples of an Interactive Display Activity (application stage)
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Methodology of the study

An initial empirical validation of the proposed framework took place within the context
of an informal learning activity. The goal of this empirical validation is to provide the
first data-based evidence regarding the effectiveness and acceptability of the proposed
framework. The results should not be seen as a comparative evaluation of the proposed

framework, but as an evaluation of the added value.

Research design and procedures

The research design of our study is a single-group time series design (Ross & Morrison,
1996), involving repeated measurement of a group with the experimental treatment
induced between two of the measures. The single-group time series design can be
diagrammed as shown below (Table 2). As depicted, one group (Group 1) is observed
(O1) and receives the treatment (X) and then observed again (O2).

This study consists of pre (O1) and post (O2) measurements of knowledge acquisition
and six attitudinal factors.

In particular, students visited the botanology museum in order to learn about the plants
of their region. In the museum, a traditional guided tour took place during one and a half
days. After the tour and students’ interaction with the real artifacts, students visit the
library and seek relevant information from various books and plant sketches. At the end
of the typical museum visit and artifacts exploration, students received a knowledge
acquisition assessment as well as an attitudinal questionnaire. Then students were divided
into dyads and engaged with all three stages of the application for approximately 45 min.
In the beginning of their enrolment with the application, there was an orientation phase
where students get acquainted with the interactive display and the multi-touch technology
in general. We let the students work and understand how the system works for 5 to 10
min until they would have felt confident with the interactions. The content of GAID was
the same with the typical visit (Flora Danica book). Flora Danica book is a plant archive,
containing more than 3000 species of plants that can be found in Nordic countries. We
chose a small number of plants and created a taxonomic key with the help of a domain
expert. We refined the last details based on the pilot tests with the actual instructors/
teachers of the extracurricular activity. In the first (exploratory) stage of the proposed
framework, the application allows the user to enlarge and rotate the main picture of the
plants. Users are also able to see specific details of the plant (e.g. its sepals, blossoms). In
the application stage students have to carefully identify which of the two options corre-
sponds to the plant they have in front of them and make the appropriate selection. By
making all the right selections in a number of steps they are lead to the family of the plant
and some interesting information concerning the plant. In the creation stage, they are able
to draw a portion of the plants that they found on the previous stages using a playful
multi-finger chord interaction technique (Leftheriotis et al., 2016). After playing with the
application, students were asked to complete a post knowledge acquisition assessment as
well as an attitudinal questionnaire. This research is designed as shown in Fig. 5.

Table 2 The research design of the study

Group 1 Time 1 Measure Treatment Time 2 Measure
01 X 02
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Typical Museum Guided Tour

I
Interacting with Plant Books and Sketches

11
Knowledge Acquisition Assessment (Pre)

1L
Attitudinal Questionnaire (Pre)

I

Interactive Display Orientation

Stage 1: Exploration stage - Students navigated to the plants

Stage 2: Application stage - Students played the game/quiz

Stage 3: Creation stage - Students’ draw the plants

0
Knowledge Acquisition Assessment (Post)

JL
Attitudinal Questionnaire (Post)

Fig. 5 The Research Process Diagram

Participants

The sample of participants in this study consisted of 16 students. Of the 16 partici-
pants, 4 were boys and 12 girls. All of the students who participated in the experiment
were 15-18 years old, enrolled in the third grade of high school, and were following
the same syllabus. The experiment took place during an informal learning activity.

Apparatus

The experimental setup was based on a robust 27” inch all-in projective capacitive
monitor with 5 ms response time, which was placed vertically. Students interacted with
the multi-touch screen in dyads while being seated in front of the device. The screen
was connected via USB to a Windows 7 environment installed on a Mac mini hard-
ware; the system was able to identify 10 simultaneous touch points and this number of
touches was adequate for the purpose of our application. There was a camera just
behind them capturing their interactions.

Measures

A wide range of data was collected to address our research questions including cogni-
tive tests, surveys, photos and observations. During all the experiments, at least one of
the researchers was present to observe. The knowledge acquisition test was developed
with the assistance of a domain expert, this test allowed us to capture the level of
knowledge acquisition students obtained (we call it Learning Performance). The attitu-
dinal survey was based on measures related to satisfaction, intention to participate,
easiness, enjoyment, usefulness and control. In particular, Table 3 lists measure
alongside with their operational definition. In all cases, 7-point Likert scales were used
to measure the variables.

Page 10 of 19
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Table 3 The factors used in the survey

Factors Operational Definition # of items/ Source
questions
Satisfaction The degree to which a person positively 3 Lin et al. (2005)

feels with the activity

Intention to Participate The degree of students’ Intention to 4 Shih (2008)
participate in a similar activity

Easiness The degree to which an individual 4 Sanchez-Franco (2010)
believes that attending the respective
activity is easy for him/her

Enjoyment The degree to which the activity is 3 Venkatesh et al. (2002)
perceived to be personally enjoyable.

Usefulness The degree to which an individual 4 Sanchez-Franco (2010)
believes that attending the respective
activity is useful for him/her.

Control Refers to people's perceptions of 2 Shih (2008)
their ability to perform a given
behavior (e.g. participate and finish
a particular activity).

Statistical analysis

In order to identify any potential shift in students’ learning performance and engage-
ment during the activity, we used t-tests between the pre- and the post-results of the
cognitive test and the survey. Hence, we were able not only to capture students’
learning performance and engagement, but also to identify any gained value from their
enrolment with the interactive display activity.

Research findings

Quantitative analyses on the data, obtained from the survey, was carried out. We
first proceed to test the reliability of each measure using Cronbach « coefficient. As
Table 4 shows, the result of the test revealed acceptable indices of reliability in all
the factors (>0.7). To investigate any possible relationships among the factors and
explore factors that may be strongly related to each other, we used the Spearman’s
rank-correlation coefficient, statistically testing the null hypothesis which is equal to
0. Spearman’s test suggests that some of the factors are related, in some cases
relatively strongly. More precisely, the most important positive relationships involve
satisfaction and enjoyment and usefulness on the other side. In addition, enjoyment
is positively related to easiness. These relations revealed the important role of
satisfaction and enjoyment, which are related with most of students’ attitudes. We
present the results of Spearman’s test in Table 4.

Table 4 Summary of measurement scales

Factors CR STF ItP EAS ENJ USE
Satisfaction (STF) 0.940 1.0

Intention to Participate (ItP) 0928 156 1.0

Easiness (EAS) 0.898 775% 264 1.0

Enjoyment (ENJ) 0934 832% 152 819* 1.0

Usefulness (USE) 0910 814% 091 738* J77* 1.0
Control (CON) 0.937 662% 187 801% 626% 766

CR, Cronbach a; Correlation is significant at the *0.01 level



Leftheriotis et al. Smart Learning Environments (2017) 4:2 Page 12 of 19

To examine the research question regarding the impact of the interactive display
activity on students learning and engagement, we employed a t-test between the pre
and post-test. As the outcome data in Table 5 illustrates, students’ enrolment with the
activity has indicated a significant effect on their learning.

We also employed a ¢-test with six dependent variables between the pre and post-
survey measures, in order to investigate whether there was an impact of the interactive
display activity on students’ engagement. According to the outcome data presented in
Table 6, students’ enrolment with the activity has indicated a significant effect on
students’ satisfaction, enjoyment and intention to participate. On the other hand, there
was no impact on activity’s easiness, usefulness and control (over the activity).

Table 6 shows that intention to participate has the lowest significance, and according
to Fig. 6, it has the lowest increase among the variables that are significantly improved.
In addition, satisfaction and enjoyment, which have higher significance, have a higher
increase (more than 1 unit). Moreover, easiness, usefulness and control did not exhibit
significant difference (Table 6); however, their impact on students’ engagement seems
positive (although not being significant). Overall, Fig. 6 clearly exhibits the generally
positive (and in some cases significant) influence of the interactive display activity on
students’ engagement.

Discussion

The study reported in this paper was focused on two main issues: 1) investigating a
model for developing gamified activities on interactive displays and 2) evaluating the
effect of gamified interactive display technology as a means of consolidating knowledge
and improving engagement.

A model for developing gamified activities on interactive displays

Most of the studies found in the literature are focused on the positive effects of an
interactive display (such as a multi-touch screen) on users’ experience (Leftheriotis &
Chorianopoulos, 2011), performance (Watson et al, 2013), engagement (Hornecker,
2008), or collaboration aspects (Higgins et al., 2012). There are many exploratory
studies with multi-touch surfaces especially on a museum context (e.g. Horn et al,
2012, Hornecker, 2008). Studies like those mentioned give us insights and design prin-
ciples concerning the development and design of interactive applications/games in an
education context (e.g. Antle et al., 2011). However, apart from the general design
guidelines or software/hardware frameworks that can be found in the literature (e.g.
Ciocca et al., 2012; Dillenbourg & Evans, 2011) there is a lack of frameworks that
would facilitate the educational purposes with the use of gamified activities on a multi-
touch surface. Researchers, either have to develop new types of interactive applications
(as in Horn et al, 2012) or make use of existing tasks (as in Rick & Rogers, 2008)
embedding gamification aspects.

Table 5 Testing the effect of interactive displays activity of students learning performance

Mean (S.D.) t
Learning Performance Pre Post
450 (0.99) 5.70 (0.96) 3.48*

*Correlation is significant at the 0.05 level
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Table 6 Testing the effect of interactive displays activity of students’ engagement

Mean (S.D.) t P

Pre Post
Satisfaction 4.69 (0.99) 582 (1.14) 2.99° 0.005
Intention to participate 3.35(0.82) 423 (1.12) 2.54° 0.017
Easiness 4.73 (1.13) 548 (1.24) 1.79 0.084
Enjoyment 4.32 (1.14) 5.97 (0.96) 443° 0.000
Usefulness 4.72 (1.10) 528 (1.15) 141 0.170
Control 4.96 (1.65) 545 (1.60) 0.85 0401

Correlation is significant at the 0.05 level

By introducing a customizable framework to develop gamified interactive dis-
play applications and support informal learning activities in exhibition-like envi-
ronments, we focus on the value of the multi-touch technology and multi-user
affordances as important means to support students’ interaction with the arti-
facts, experience and learning. Multi-touch displays are very promising in facili-
tating collaborative learning activities, as also indicated in the literature (Piper &
Hollan, 2009). This is supported by the fact that, collaboration among students
was the most important aspect observed during the field study. Students worked
together, helping each other when they got into difficulties, suggesting solutions
to problems emerging during the play, and exchanging information.

Adapting the framework to the context or the aims of the study
Researchers are able to adapt our framework into the context they are interested in,
being focused more on the topics they want to investigate while practitioners have a
tool that according to our empirical study works in favor of students’ satisfaction,
enjoyment and intention to participate to similar activities.

The instructors/experimenters are able to formulate the proposed frameworks’ three
stages and thus adapt it to the context of the extracurricular activity in which they are

7 EPre HPost
5 5.82 5.97
5.48 5.28 5.45
5 - 4.69 4.73 472 4.96 -
4.23 4.32

‘TR 335 ‘ B
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2 s
1
0 - T T T . r

Satisfaction* Intention to Easiness Enjoyment*  Usefulness Control

Participate*
Fig. 6 The influence of the interactive display on students’ engagement (* depicts significant difference)
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interested. For instance, during the exploration stage of this study, we presented to
the students a carousel type of menu where the artifacts of the museum were
depicted as different options. Students were able to rotate the carousel menu using
the common swipe gesture and touch whatever artifact attracted their attention. In
the event of a touch, a new screen with larger visual material of the artifact along
with detailed information would appear. Students then were able to play by rotat-
ing/moving and enlarging the artifact so as to find out its details or its unique
characteristics described in the text (Fig. 7). An opportunity to download visual
material related to the selected artifact from the Internet was also apparent and
children found this option intriguing according to their recorded interactions. This
option allowed the students to understand how the artifact they were interacting
with, is well connected to the real world. Both in the exploration and application
stage, students were able to move, rotate and enlarge the respective material. As
in Higgins et al. (2012), this affordance facilitated the joint attention and seems
likely to have facilitated the quicker development of a shared understanding of
the task.

During the application stage of the proposed framework, we let the students play first
on the team mode and then on the versus mode. We wanted to see whether there
would be different interaction strategies between these two modes. The way the stu-
dents interact between each other on these two gameplay modes was indeed different.
Based on our observations and video log files, during the versus mode, the gamification
elements such as their total score and time had an underlying effect on the way they
were working with the application. They were simply trying to “win” their opponent.
This effect prolonged the time they needed in order to complete the quiz task: a) stu-
dents were thinking twice about the options they had on the game so as to maximize

> FloraDanica
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Polemoniun caeruleum — % 4 zoom og roter
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fjellflokkfa
hegst
SorN lag vokser den
kyststrak. Flellflokk har 0gsa vaert mye brukt
sam prydplante.

Fig. 7 In the exploratory stage users were able to select an artifact, play with it and download relevant
material from the internet so as to understand how that fits to the real world
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their score, b) students were reluctant to answer and they were waiting for their oppo-
nent’s first move when they did not know the answer. In the team-mode, where the
dyads were working together as a team, students were more communicative about the
alternatives they had. However, users had lost partially their interest to respond fast
and the “gaming” mood they had in the versus mode even though they could see their
own total score and total time on the screen. In another study, Nicholson (2012)
describes “meaningful gamification” as the one that focuses on introducing elements of
play instead of elements of scoring. Based on a simple behaviour model by Fogg (2009)
that is often used in game context (Hégglund, 2012), there are three required factors
underlying the human behaviour: motivation, ability and trigger. Bearing in mind that
the task was a simple quiz-task relevant to the original exhibition tour they had before,
users should have been motivated and triggered. The competitive situation in versus
mode motivated users to engage with the task while score points along with time not
only triggered them to carry it out, but made users to feel good about doing it
(Hagglund, 2012). According to what the students replied in the questionnaires, their
intention to participate to similar activities in the future was high.

In the creation stage of the model, the aim is to let the students be expressive and
creative. In this stage, we employed the well-known connect the dots game and adapted
it making it a multi-touch game. In this study, we let the users draw artifacts that they
were able to see during the original exhibition tour. Students were free to choose
colours and paint/draw the artifacts according to their preference with different tools
and different styles. Once again, this was a collaborative procedure and students had to
cooperate, negotiate, use the affordances of the multi-touch device and finally construct
“their own unique artifact” that would finally compare with other teams’ artifacts. In
the case of an interactive surface, it is mostly the low-level implementation — the direct
touch interaction technique — that augments user experience and thus making the
users express their own creativity even if they do not have a large number of tools
(Giannakos & Leftheriotis, 2015).

Evaluating the results of the field study

Regarding the effect of gamified interactive display technology as a means of consolidating
knowledge and improving engagement, the field study demonstrated that students
enjoyed the game and were actively engaged; they liked playing in groups or competing
with each other. Students gave significantly more correct answers to the cognitive test
performed after the interactive display game-play. Incorporating gamified interactive
display applications in an informal learning activity are found to be very effective on
supporting the learning process. The results show that students learn and react favorably
towards the interactive surfaces in accordance to previous studies (e.g. Jackson et al.,
2013). It seems that students feel more engaged and in flow while playing with the inter-
active surface, and thus the hedonic metrics are significantly improved as in previous
studies (Leftheriotis et al., 2011). Despite the fact that the pragmatic metrics, such as con-
trol, usefulness and easiness are not significantly improved, all metrics show an increase
even though most of the students did not have previous experience with this type of inter-
action. We believe that it might be easier and more natural for students to feel in control
while working with the actual artifact instead of a visual replica, and since students had an
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actual visit with a botanologist in the field before the experiment, this might have influ-
enced their decisions regarding pragmatic metrics. However, the enjoyment and flow they
have been feeling while working with the gamified task, have significantly improved their
intention to participate in similar activities in the future.

Based on the video recordings, children seem to enjoy interaction with the applica-
tion while in the team mode. The gamification elements played an important role so as
to make the application engaging. “What are the others’ score?” was a common ques-
tion that was recorded in at least half of the teams participated. In fact, the players
although playing as a team, they were still feeling competitive against the other teams
score. In addition to score, time affected the game since users were trying to be as fast
as possible without mistakenly answer a question. The sound of the right answer was a
relief for them and they seemed to enjoy it. As it was expected, different teams
employed different strategies. In general, students have been mutually discussing about
their answer, however there was a small portion of teams in which there was a bold
user that played a more important role, influencing their decision.

On the other hand, when students played on the versus mode, they were competing
between each other feeling engaged with the application. In Fig. 8, some moments of
intense playful interaction are shown. One user is protecting her personal territory on
the screen so as to prevent the other user from revealing her answer.

Limitations

Despite the fact that, the influence of our implementation of the described model had a
positive effect on users’ engagement (as the Fig. 6 also depicts), we want to emphasize that
our findings are clearly preliminary with inevitable limitations. Due to the limitations of the
extracurricular activity there was a relatively small sample size, the total number of the stu-
dents was 16. In addition, most of the students were girls. With a small sample size there is
less statistical power. Howerver, in most metrics the differences we found in pre and post
surveys are significantly important. In addition, the presented results are in accordance
with what we saw during the experiment, with the video recordings and the discussions we
had with the students after the experimental task. In this study, we wanted to present data-
based evidence regarding the effectiveness and acceptability of the proposed framework.
Although the results of this study clearly present these trends, we encourage researchers to

Fig. 8 In both situations users are enjoying interaction and laugh during play: a User on the left is trying to
confuse the other user about her selection, b User on the right is trying to conceal her selection
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conduct further experiments with larger sample size and diverse applications so as to
evaluate the proposed framework and present statistically solid results.

One other limitation is that, althought there are only two items in the Control factor,
which makes it weak for statistical analysis, we decided to keep these results in this study.
As for the internal validity of the empirical study, data are based on a self-reported
method, log-files and assessments. Other in-depth methods such as semi-structured inter-
views could provide a complementary picture of the findings through data triangulation.
As for external validity, the subjects were high school students, which may somewhat
limit the generalizability of our results. Nevertheless, the insights drawn are not connected
with the subjects’ background and can be generalized to other students.

Conclusion

Although a relatively new term, gamification practices are more and more embedded in
many domains such as education, information studies, social media and application
design or even health. However, as Seaborn et al. (2015) point out “little empirical work
has sought to validate gamification as a meaningful concept and provide evidence of its
effectiveness as a tool for motivating and engaging users in non-gaming contexts”. In
addition, Hamari et al,, (2014) claim that “gamification does work but...” the effects of
gamification are greatly dependent on the context. In this study we showed that
gamified applications in multi-touch displays are able to promote students’ learning
and engagement, especially when these applications are integrated within an informal
learning activity, such as a school trip, as well as traditional school lessons.

We presented an adaptable model that works as a general schema that might be in-
stantiated specifically for different cases in a teaching environment for developing
gamified activities for multi-touch devices and the results of a field study where
students have been engaged with an interactive display application during an extracur-
ricular activity. Based on this study, the developed framework that employs gamified
characteristics on the three stages (exploration, application, creation) of the interactive
display application produced improved results concerning students’ engagement
metrics. By incorporating GAID to a traditional informal learning activity, we found
that students’ knowledge acquisition, satisfaction, enjoyment and intention to participate
on similar events in the future are significantly improved.

The early results of this study should not be seen as a rigorous evaluation of the
proposed model, but as early insights and reflections rising from a particular case study
as well as empirical evidence for the further development of the framework. Future
work should be done to validate our proposed model in other contexts as well.

Endnote
'Kivy - open source python library for rapid development of applications that make
use of innovative user interfaces, such as multi-touch apps. URL: http://kivy.org
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