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Preface

Weare delighted to introduce the proceedings of thefifth edition of theEuropeanAlliance
for Innovation (EAI) International Conference on Design, Learning & Innovation (DLI
2020). This conference brought together researchers, designers, educators, and practi-
tioners from around the world to share their latest research findings, emerging technolo-
gies, and innovative methods in the areas of inclusive and playful designs and learning
with digital technologies. The theme for DLI 2020 was “Sustainable development real-
izing human needs” targeting a conceptualisation of the effects and impact of digital
technologies for, in a sustainable and playful way, fostering human beings in realizing
their needs and ideas.

The technical programofDLI 2020 consisted of 14 full papers, whichwere presented
across four main conference sessions. Session 1 – Digital Technologies and Learning;
Session 2 – Designing for Innovation; Session 3 – Digital Games, Gamification and
Robots; and Session 4 – Designs for Innovative Learning. The four tracks were chaired
by Pedro Ribeiro, Vitor Carvalho, Eva Cerezo, and Maite Gil, respectively. Their contri-
butions to the discussion related to the sessionswere exceptional and created a productive
online atmosphere with fruitful and constructive dialogues.

The paper presentations addressed new dimensions and key challenges and pro-
vided critical and innovative perspectives of employing digital technologies and games
to develop and implement future design, learning, and innovation. This was reflected,
among other things, by the paper which received the Best Paper Award of EAI DLI 2020,
titled The Impact of a Digitally-Augmented Reading Instruction on Reading Motivation
and Comprehension of Third Graders, by Pedro Ribeiro (Rhine-Waal University of
Applied Sciences), Anna Michel (Rhine-Waal University of Applied Sciences), Cristina
Sylla (University of Minho), Ido Iurgel (Rhein-Waal University of Applied Sciences),
Wolfgang Müller (University of Education Weingarten), Christian Ressel (Rhine-Waal
University of Applied Sciences), and Katharina Wennemaring (Rhine-Waal University
of Applied Sciences) – congratulations on the award!

The collaboration with the Technical Program Committee co-chairs, Cristina Sylla
andAnders KalsgaardMøller, was essential for the successful planning and performance
of the conference. We sincerely appreciated the coordination with Viltaré Platzner, the
senior conference manager at the European Alliance for Innovation (EAI), and Imrich
Chlamtac, the steering chair. We also appreciated the constructive cooperation with EAI
ArtsIT 2020. We are genuinely thankful for the support of the Organizing Commit-
tee team: Anders Kalsgaard Møller and Cristina Sylla (Technical Program Committee
co-chairs), João Martinho Moura (Publicity and Social Media chair), Jeanette Sjöberg
(Workshops chair) and Camilla Finsterbach Kaup (Demos and Posters chair). We also
acknowledge the outstanding work by the Technical Program Committee members. Last
but not least, we are grateful to all the authors who submitted their papers to the DLI
2020 conference.

We strongly believe that the DLI conference provides a productive forum for
researchers, designers, educators, and practitioners to discuss the cross-disciplinary field
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of digital technology and its implications on design, learning, and innovation. We also
expect that future DLI conferences will provide a fruitful arena for knowledge exchange,
as indicated by the contributions presented in this volume.

Eva Brooks
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The Impact of a Digitally-Augmented Reading
Instruction on Reading Motivation

and Comprehension of Third Graders

Pedro Ribeiro1(B), Anna Michel1, Cristina Sylla2, Ido Iurgel1, Wolfgang Müller3,
Christian Ressel1, and Katharina Wennemaring1

1 Rhine-Waal University of Applied Sciences, Kamp-Lintfort, Germany
pr@hsrw.eu

2 University of Minho, Braga, Portugal
3 University of Education Weingarten, Weingarten, Germany

Abstract. A technical and conceptual framework is currently under development
to augment the activity of reading at schools with digital media such as images,
sounds and light effects. The technical framework is STREEN (Story Reading
Environmental Enrichment). In this paper, we present IRIS, the pedagogical con-
ceptual framework that describes how to employ STREEN in the classroom. We
assume that STREEN/IRIS can motivate and foster reading comprehension of
primary school students. We also describe an eight-weeks’ study carried out with
third-grade students using IRIS. This study follows a quasi-experimental pre-post
design that took place at a German primary school with 56 students from three dif-
ferent third-grade classes to compare results between an IRIS instruction and two
conventional reading instructions. The findings show that students in the exper-
imental group improved in word and sentence comprehension and lowered their
task error rate. Furthermore, their intrinsic reading motivation increased while
extrinsic reading motivation decreased significantly.

Keywords: Augmented reading · Design-based research · Reader’s theatre ·
Digital media · Children · Technology-based reading instruction

1 Introduction

1.1 Aim of the Research

Story Reading Environmental Enrichment (STREEN) is an augmented reading technical
framework capable of supporting reading aloud activities at primary school by offering
engaging features that promote vocabulary acquisition, reading fluency, reading com-
prehension and motivation. Here we present the Integrated Reading Instruction (IRIS)
that uses STREEN to support students to become competent and motivated readers
and teachers to use scaffolding strategies. IRIS is designed as a reader-centred instruc-
tion that attempts to meet the needs of every single student and to support students in

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2021
Published by Springer Nature Switzerland AG 2021. All Rights Reserved
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achieving educational reading goals. It offers motivating tasks that promote the usage of
multiple reading-related abilities. Ultimately, those tasks aim at activating the cognitive
and motivational processes of reading that support students’ comprehension and facing
challenges to achieve competence in reading.

The investigation took place in a local primary school following a Design-Based
Research approach that informed the design, implementation, and evaluation of the
IRIS instruction and all the associated learning activities and technological tools.

The intervention was carried out for eight weeks, with 56 third-graders from three
different classes to compare results between an IRIS instruction and two conventional
reading instructions. The intervention aimed at: (i) assessing the impact of IRIS on the
reading comprehension of 3rd graders, and (ii) assessing the impact of IRIS in students’
reading motivation.

1.2 Background and Previous Work

In 2016 the international assessment of student’s performance in reading literacy in the
fourth grade [1] reported that only 43% of the students like to read. Since a positive
attitude towards reading is crucial for the development of reading comprehension, it is
essential to provide novel strategies to increase the effectiveness of the practices and to
foster reading motivation. A reading instruction must provide explicit instruction in spe-
cific comprehension strategies and offer students a meaningful reading experience that
promotes reading, interpretation and discussion of the text [2, 3]. Researchers and educa-
tional professionals are aware of the importance of digital technologies, andmanywould
welcome new digital tools to support, complement and evolve reading instructional prac-
tices. As a response, the augmented reading technical framework STREEN (Story Read-
ing Environmental Enrichment) is being developed to support and complement reading
aloud activities at primary schools [4]. STREEN provides engaging functionalities to
promote vocabulary acquisition, reading fluency and text comprehension.

The STREEN approach is related to similar attempts that use digital media to foster
reading competences, including the intervention “Moved by Reading”, where children
read a story aloud and then move graphical elements, which correspond to the narrative
[5], the project Gamelet that targets reading fluency in native and foreign languages by
applying digital media-based gamification mechanisms [6], and the project LIT KIT that
explores a cyber-physical system to transform read-aloud activities into a multimedia,
mixed-reality experience [7]. STREEN differs from the referred approaches by stressing
the story interpretation; it requires that children first collaboratively create digital media
(e.g. images, sounds and light effects) that they will later employ when reading the story
aloud, in front of others (see Fig. 1).

STREENconsists of amobile application (theSTREENapp) running on the student’s
tablet computers, a multimedia infrastructure comprising a projector, a surround sound
system, smart bulbs, and a multimedia controller (the STREEN Controller) that runs on
a computer server. We envision that such a media enriched environment will promote
engaging and immersive reading experiences, thus increasing reading motivation and
comprehension. Previous work on STREEN reported on the co-design process involving
researchers, teachers, and children from a local primary school, in which the support of
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Fig. 1. Primary school students interacting with STREEN in the classroom.

the acknowledged pedagogical activityReader’s Theatrewith digitalmediawas explored
[4, 8].

In a preliminary study, we assessed students’ acceptance of STREEN. The findings
of the self-reported Unified Theory of Acceptance and Use of Technology (UTAUT)
questionnaire [9] showed that most of the study participants were very interested in the
technology and enjoyed reading with the STREEN app; they thought it to be helpful
and showed the intention to use it in the future. The same findings were reported by
the students that co-designed the STREEN prototype in participatory settings. Based on
this evidence, the next step was to devise appropriate didactic methods and instructional
practices to ensure sustainable motivation and reading comprehension.

2 The IRIS Instruction

IRIS stands for the Integrated Reading Instruction with STREEN and aims at foster-
ing cognitive and motivational aspects of reading competence in upper primary school
students. IRIS instruction was generated collaboratively with a third-grade teacher and
researchers over six months, following design-based research methods [10]. The con-
ceptual perspective of IRIS is that the development and growth of reading competence is
a joint functioning of various cognitive, motivational, and social processes [11–13]. For
an effective promotion of reading motivation and comprehension, research recommends
providing multiple supportive elements [14–18]. For IRIS, we defined three supportive
instructional elements: i) motivation-enhancing instructional practices, ii) motivating
context, and iii) a balanced instructional structure.

2.1 Motivation-Enhancing Instructional Practices

The first element of the IRIS instruction is a set of motivation-enhancing instructional
practices, designed to support students’ psychological needs for relatedness, auton-
omy, perceived competence, curiosity and involvement in reading, as well as to help
them recognise the relevance of reading and orienting them towards mastery of reading
competence [14, 17, 19–24].

Accordingly, in the IRIS classroom, the teacher provides students with motivating
reading materials and tasks to entice their curiosity, involving them in reading activities
and tasks that allow them to experience competence and control in reading and learning.
The IRIS teacher promotes students working collaboratively on achieving mastery in
reading. Besides, the teacher provides opportunities for success through the transparency
of goals and by helping students to evaluate their success and failures appropriately.
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Providing choice, giving motivational and constructive formative feedback and assess-
ments, offering self-reflection and -evaluation are other practices determined to support
perceived competence, relatedness and autonomy, as well as mastery orientation and
reading relevance. IRIS also adds the practice of scaffolding, which involves teaching
and letting students apply reading strategies to influence reading self-efficacy and read-
ing comprehension directly. Supporting students’ recognition of the relevance of reading
is the last practice in IRIS.

2.2 Meaningful and Authentic Context

Providing meaningful and authentic context is a commonly recommended approach to
engage and motivate students in learning as well as to support their achievements [25–
27]. The second element in the IRIS instruction is the motivating context, which consists
of three components: 1) Reader’s Theatre, 2) mini-lessons and 3) STREEN.

Reader’s Theatre
Reader’s Theatre is a holistic approach for reading instruction, which provides teach-
ers with a set of effective research-based pedagogical methods and reading activities to
support students in developing reading fluency, vocabulary development, interest, and
confidence in reading [28–36]. Built upon positive social interactions, Reader’s Theatre
is a motivating and engaging activity. It provides students with a variety of authentic
reading tasks, which constitute a meaningful and authentic purpose for reading and gain-
ing comprehension. In Reader’s Theatre, students read a text in the form of a script. They
choose roles and practice with others that have the same script, for the final Reader’s
Theatre performance. Reader’s Theatre motivates students to read fluently and expres-
sively, which is achieved through repeated reading in the regular reading sessions. The
students are encouraged to use their voice and read expressively to convey the content of
the text (messages, characters, plots, emotions). This additionally challenges the read-
ers’ imagination and helps the audience to understand the text and the story better. For
expressive reading, students have to understand the text.

Mini-lessons
In order to improve reading comprehension and performance, students need specific
tools [2, 13, 37–39]. Reading strategies taught in mini-lessons is a fundamental element
provided in the IRIS classroom to experience pleasure, fun and curiosity, the feeling
of competence and control, and to perceive the relevance of reading. In the process
of planning and practising oral reading performance, the IRIS teacher conveys reading
strategies to students in small teaching units that students can directly apply [40–42].
Teacher’s support reduces, and the responsibility is gradually shifted from the teacher to
the students as they become more competent and can apply the strategies independently
[43].

STREEN
STREEN is the third contextual component offered in the IRIS classroom. As described
above, STREEN consists of a digital-media reading environment, in which students
collaboratively engage in constructing a shared understanding and knowledge of the
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reading materials in order to develop motivation and reading comprehension. STREEN
provides a variety of technological features to support students accomplishing instruc-
tional tasks, applying strategies, reading digital texts, reflecting on reading, learning
unknown vocabulary, expressing knowledge, documenting their work, and performing
Reader’s Theatre. It is also a tool for teachers to present instructional content, scaffold
strategies, and evaluate students. In the following, we detail the main STREEN features:

Story Script: Allows the visualisation of the script and the touch-based text navigation.
Additionally, in order to support children, it displays the line numbers and groups the
script lines per role (see Fig. 2).

Highlight: Allows children to mark the text. The primary function of this feature is to
draw attention to the lines children have to read aloud. There is a predefined highlight
colour for each role. It can be alternatively used in the context of a word study strategy,
such as finding unknown words (see Fig. 2).

Modelled Reading: STREENprovides a recordedmodelled reading for each text.Once
this functionality is activated, students can hear a human voice reading the story fluently.
Children can select if they want to hear the complete story or only a part of the story.
Additionally, by tapping a word, children can hear a text-to-speech generated audio and
understand how the word sounds when read isolated (see Fig. 2).

Fig. 2. Story script with highlighted text (left); Story script with Modelled Reading enabled
(right).

Word Cloud: Allows children to select words that will be clustered and displayed in
a projection screen in the classroom. When children select a word, the word becomes
surrounded by a red shape. Following the tag-cloud-like data visualisation [44], theWord
Cloud provides an aggregate of word-selected statistics, displaying the word frequency
information via font size (see Fig. 3).

Fig. 3. A student sending unknown words to the WordCloud.
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Lexicon: An integrated lexicon provides a meaning for words that are likely to be
unknown by 3rd-grade children; otherwise, STREEN guides children to obtain the
meaning of the word on their own, suggesting, for example, to reread the sentence.

Authoring: Allows children to associate aword of the textwith a produced digitalmedia
effect. By selecting aword, children access one of the pivotal features of STREEN,which
support children with drag and dropmechanisms to compose an illustration by selecting,
moving, scaling, mirroring and deleting 2D graphical representations of characters and
other elements of the narrative from an integrated library. Furthermore, it also offers
the possibility to author the ambient light and the soundscape. This authoring process
aims to stimulate children’s reading comprehension [5] it requires reading carefully
and working with predefined digital media elements (DME) in order to produce an
illustration and other DME that match the narrative. The produced digital media effect
can also be discussed in different group settings (e.g. pairs, whole-class discussion) and
can also serve as an outcome that can be evaluated by the teachers. Children can at any
stage of the authoring process experience their work by projecting the illustrations in
the projection screen and by controlling the light and sound system installed in the room
(see Fig. 4).

Triggering: After finishing the authoring process, all the augmented words (with the
created digital media) appear underlined in the script view. Afterwards, children can
trigger enriched words, augmenting their reading with DME. There are two interaction
options to trigger the effects; children can choose between tapping the word or sliding
their finger below the augmented words (see Fig. 4).

Fig. 4. STREEN app authoring environment (left); Students using the STREEN app to read and
trigger digital media effects previously authored (right).

Book Cover: Uses the Triggering feature to present a digital book cover (see Fig. 5).
All the STREEN texts have a predefined book cover that supports the teacher in encour-
aging students to predict the story, a practice that positively impacts the student’s
comprehension of the text [2].

Record, Listen, Reflect (RLR): Allows children to record their reading performance,
listen to their records, reflect on mistakes they have done and define improvement goals
(see Fig. 5). Children are guided by questions, which allow them to assess their perfor-
mance, (e.g. Did I pronounce every word correctly? Have I paid attention to punctuation
and its meaning? Have I read at a reasonable pace?).
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Fig. 5. Students make predictions of the story (left); a student using the functionality “Record,
listen, reflect” to improve his reading fluency (right).

For the integration of STREEN into the reading instruction,we determined principles
based on the current research [45–50]. Each student had a tablet set up with the STREEN
app that allowed her/him to read digital Reader’s Theatre scripts, study unknown words,
practice reading fluency, collaborate with peers, create and trigger digital media effects,
and discuss and present their performance and outcomes. The IRIS teacher scaffolds the
use of the STREEN features one at a time according to students’ needs and gradually
hands over the responsibility to the students as they become acquainted with a particular
feature. In practice, the teacher first explains and presents to students how to operate
the tablet and certain STREEN features, and after that, the students receive tablets and
try out the application. To avoid distractions and to enable a smooth use of STREEN
and the creation of digital media effects, teachers and students set rules and regulations
for how to behave, work, and communicate with each other when using STREEN. The
students are allocated sufficient time to practice and use the STREEN app.

2.3 Balanced Instructional Structure

The third and last condition of the IRIS framework is the balanced instructional structure
[26, 51, 52]. Following the baseline offered by the classical Reader’s Theatre [35, 36],
this framework provides a contextual structure that helps in the design of a weekly
reading instruction, ideally divided through five days, with an hour per day. During the
week, students get familiar with the theatre script, plan the performance, rehearse, and
execute the final performance in front of an audience. At the day-level, the targeted
instruction is divided into three phases: 1) getting started, 2) elaboration, and 3) fading
out [52]. Each phase is subdivided into sequences (see Fig. 6). This granular way of
structuring the day provides a guideline for the teacher to plan the IRIS instruction and
easily integrate the multiple supports that IRIS proposes for fostering readingmotivation
and comprehension.

The Getting Started Phase
The IRIS instruction begins with catching students’ attention by activating their prior
knowledge and experience; asking for anticipation and predictions to trigger their curios-
ity, involvement, and to support perceived competence and collaboration. Afterwards,
in order to support the value of reading and emphasise mastery goals, the teacher clearly
communicates to the students the learning goals and their inherent challenges. In that
way, the students learn what goals need to be achieved in order to become compe-
tent readers and which tasks they have to perform to achieve personal mastery goals.
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Fig. 6. The three phases of the instruction and the inherent activities.

With this knowledge, the students are prepared and can participate actively and without
distractions towards achieving reading competence [53, 54].

The Elaboration Phase
The elaboration phase is sequenced in scaffolding strategies and offering collaborative
work. Both sequences are part of the mini-lessons, in which the IRIS teacher con-
veys reading strategies and offers opportunities to apply them with STREEN and with
other motivating teaching materials during the preparation for the Reader’s Theatre
performance.

The Fading Out Phase
The IRIS instruction ends with students reflecting on their learning process, progress
and outcomes for an accurate self-evaluation. Feedback from the teacher, the peers and
the teacher’s assessment complete the final instructional phase. Ultimately, the teacher
encourages students to participate in a voluntary homework assignment that consists of
a small reading task related to the current instruction, which the students can accomplish
for preparation for the next instruction and formaximising learning effects in strategy use
and reading competence development. Over time, students internalise the instructional
structure and can focus more on the content and participation rather than dealing with
the question about what comes next, whether they will receive feedback or have time
for reflection [52, 55, 56].

3 Implementation of IRIS at Primary School

As a first step for the integration of the IRIS framework, we established a partnership
with a local primary school. Afterwards, a team composed of two researchers and one
third grade teacher used the IRIS framework and worked for four months in the design
of an eight-weeks IRIS instruction.



The Impact of a Digitally-Augmented Reading Instruction 11

As a starting point, we identified and integrated cognitive components related to
the reading competence, such as word recognition, reading fluency, and reading com-
prehension in the instructional framework elements. This identification and integration
process was grounded in principles aimed at promoting reading comprehension and con-
strained by the specific requirements of each stage of Reader’s Theatre. The following
subsections present a model of a week instruction.

3.1 Monday

On the first day of the week, a new story is introduced. Research has shown that encour-
aging students to use their prior knowledge and to predict the content of a text can
positively impact their comprehension of the text [2]. For that reason, on Mondays, the
catch attention activity starts by activating relevant background knowledge about the
story’s topic, followed by an activity lead by the teacher, in which students are asked to
anticipate and predict the plot of the narrative based on the analysis of the book cover that
is displayed on the STREEN system (see Fig. 5). When a new text genre is introduced,
e.g., fairy tales or fables, the teacher informs students about the essential characteristics
of the text genre. After that, the teacher presents students the weekly schedule in which
the week and daily goals are presented and facilitates a discussion aiming at the common
understanding of the goals. In the elaboration phase, the teacher models reading aloud,
and the students listen attentively. That can be done by having the teacher reading the
script directly with the STREEN app or by allowing the students to hear a modeled
reading through the STREEN app. Since it is crucial that students have the possibility
to clarify unknown words at an early stage, STREEN provides a functionality, named
WordCloud, that allows students to mark unknown words in the text and send them to a
projection screen (see Fig. 3). The Word Cloud aims at supporting teachers and students
in the activity of identifying, grouping and visualising unknown words, as well as to
support the learning and application of strategies to discover the meaning of the words
such as using an incorporated lexicon or context analysis. In the fading out phase, the
students reflect on their reading process and progress and receive feedback from their
peers and the teacher. At the end, students are encouraged to read the full script at home
in order to achieve a deeper understanding of the narrative and to be better prepared to
choose a role in the following day.

3.2 Tuesday

On Tuesday, the students choose their role and work on the common understanding of
the text. The instruction starts by activating prior knowledge about the characters which
are displayed on the projection screen and communicating the goals and challenges of
the day. In the mini-lesson, the teacher forms small groups in which the students then
choose and highlight their roles using the STREEN app (see Fig. 7). Following this, the
students use the STREEN app to create a limited amount of digital media effects for
their lines (see Fig. 7). This authoring process is targeted to support the learning and
application of comprehension strategies such as Visualization, Questioning and Think-
aloud [2]. While authoring, children have to use their imagination and develop their
capacity for generating questions, which help them to understand the text they have to
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“illustrate” and complement with digital media effects (e.g. images, sounds and light
effects). Additionally, children have to discuss and collaborate in order to guarantee the
coherence among the different digital media effects created by the different students
(see Fig. 7). This cooperative activity requires children to learn and use the think-aloud
strategy. The unit ends with the reflection and evaluation phase. To practice fluency, the
students are asked to read their role at home.

Fig. 7. Students marking their roles (left); students creating and discussing the DME (right).

3.3 Wednesday

The third day of the week is dedicated to finalising the authoring process. In the catch
attention phase, the teacher uses the STREEN app to read and trigger digital media
effects, which purposefully present errors and incoherencies. For instance, the teacher
uses illustrations that do not match the text. This way, the teacher aims to stimulate
children’s awareness of digital media effects problems and to foster their capacities to
analyse and constructively criticise digital media effects created by the other students.
It also shows the teacher how well the students have understood the text, e.g. when they
identify the mismatch between text and pictures. It follows the communication of the
daily goals, which is deepening the text comprehension through the authoring process.
In the elaboration phase children refine and finish the digital media effects. Before the
reflection and feedback routine, the students use the STREEN app to read and to trigger
digital media effects. By doing so, students practice reading in a group, the reading
fluency and automaticity of triggering the effects in the right moment. In the last point of
the fading out phase, the students are asked to read their role at home in order to improve
their reading fluency and to increase their confidence.

3.4 Thursday

This is the penultimate day, the rehearsal day that precedes the final performance. Since
the catch attention phase relates to the daily goals, the teacher reads a part of the script
with a poor reading fluency performance and encourages their students to identify the
problems, e.g., wrong prosody or tempo. Afterwards, the teacher communicates the
goals and challenges of the day. In the elaboration phase, students are invited to use the
STREEN app functionality “Record, listen, reflect.” With this functionality, the students
can listen to the pre-recorded reading aloud of the text either wholly or line by line.
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Additionally, the “Record, listen, reflect” functionality allows them to record reading,
listen to their records, identify/reflect on mistakes and define goals for improvement (see
Fig. 5). With this approach, students are encouraged to engage in an improvement cycle
targeted towards the mastery of oral reading fluency. The last action in the elaboration
phase is the final rehearsal where students read their parts while triggering the digital
media effects. The teacher can interrupt the performance to provide direct feedback and
instructions. The unit finishes with reflection and feedback routine. This routine is used
to give and receive feedback from the peers and the teacher. Once again, the students
are invited to rehearse reading their role lines at home.

3.5 Friday

On Friday, the reading instruction is dedicated to the final performance in front of an
audience previously selected by the students (see Fig. 4). In the catch attention phase,
the teacher does warm-up exercises with the students to prepare them for reading aloud,
to ease arousal and increase concentration. After the day’s goal is presented, it is the
students turn to perform their reading aloud, which they start after the technical check
of the STREEN system. Once the students have performed the Reader’s Theatre, they
receive direct feedback from the audience and the teacher. The audiovisual recording of
the final performance can be used to support reflection and feedback. The instruction
ends with students’ reflection and evaluation of the week.

4 Research Questions

This investigation aimed at answering the following research questions:

1. What is the impact of the use of IRIS on the reading motivation of 3rd graders?

a. What is the impact of the use of IRIS on the intrinsic reading motivation of 3rd
graders?

b. What is the impact of the use of IRIS on the extrinsic reading motivation of 3rd
graders?

c. Howdid the levels of readingmotivation of IRIS’ students evolvewhen compared
to the conventional reading instructions students?

2. What is the impact of the use of IRIS in student’s reading comprehension?

a. What is the impact of the use of IRIS in student’s reading comprehension at the
word level?

b. What is the impact of the use of IRIS in student’s reading comprehension at the
sentence level?

c. What is the impact of the use of IRIS in students’ overall reading comprehension
(word and sentence level)?

d. Does the prior tablet experience affect the impact of IRIS on reading compre-
hension?
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e. How did the levels of reading comprehension of IRIS’ students evolve when
compared to the conventional reading instructions students?

f. How did the levels of reading comprehension of IRIS’ students evolve when
compared to the national baseline?

g. How did the error rates levels of IRIS’ students evolve when compared to the
reading instructions students?

5 Research Study

To answer these research questions,we carried out an eight-weeks comparative study.We
focused on third-grade students because it is crucial to start early to counteract reading
comprehension and motivation problems, which increase in particular from the upper
primary school grades [12, 57, 58]. At this stage, students are supposed to have acquired
the fundamental reading skill of fluently decoding the text that makes them capable of
evolving their reading comprehension and starting applying reading strategies. Teaching
students reading comprehension is an important goal in upper primary school grades.
The German curriculum foresees that students have acquired the basic reading skills by
the beginning of the third year of school and can then focus on advanced skills (reading
competence).

5.1 Participants

The study was carried out with 56 students from three third-grade classes from a primary
school in Germany. The children were aged between 8 and 9 years old (M= 8.32, SD=
0.47); 49%were female. One class (20 children) was assigned to the experimental group
using the IRIS instruction, another class (16 children) was assigned to the control group
using the Reader’s Theatre instruction (RTI), the third class (20 children) was assigned
to the control group using a conventional reading instruction (CRI). Two children in
the IRIS group and one child in the RTI group could not complete the demographics
questionnaire, leaving 18 children in the IRIS group, 15 children in the RTI group and
20 in the CRI group. Details of demographics and tablet use information of the study
participants are presented in Table 1.

5.2 Design

The study used a quasi-experimental design that included one experimental group (IRIS
integrated reading instruction with STREEN) and two comparison groups (traditional
Reader’s Theatre instruction and conventional reading instruction).

5.3 Assessment Materials

Reading Comprehension
Reading comprehension was assessed in a pre and post-test with a paper-pencil nor-
malised ELFE II test [59]. This test is divided into three subtests, word comprehension,
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Table 1. Participant’s demographics and computer literacy.

Full sample IRIS RTI CRI

Female 49.1% 50.0% 53.3% 55.0%

Age 8.32 8.44 8.20 8.30

Birthplace

Germany 86.8% 94.4% 73.3% 90.0%

Other 13.2% 5.6% 26.7% 10.0%

Parents’ birthplace

Germany 46.2% 38.9% 33.3% 63.2%

Mixed 21.2% 16.7% 33.3% 15.8%

Other 32.7% 44.4% 33.3% 21.1%

Language at home

German 49.1% 50.0% 26.7% 65.0%

Mixed 41.5% 38.9% 60.0% 30.0%

Other 9.4% 11.1% 13.3% 5.0%

Daily tablet use

Never 34.6% 33.3% 53.3% 21.1%

Less than 30 min 26.9% 27.8% 13.3% 36.8%

30 to 60 min 9.6% 16.7% 0.0% 10.5%

1 to 2 h 17.3% 11.1% 20.0% 21.1%

More than 2 h 11.5% 11.1% 13.3% 10.5%

sentence comprehension and text comprehension. Theword comprehension subtest com-
prises 75 items. In this subtest, each item presents one picture, and four words and
students are required to mark the word that matches the picture. The sentence compre-
hension subtest consists of 36 items. The items present sentences in which a suitable
word ismissing and has to be selected and inserted fromfive alternatives offered. The text
comprehension subtest includes 26 short text passages with associated multiple-choice
questions. The task is to answer the question by selecting the appropriate one from the
four answer alternatives offered. Students from the three study groups were given all
three subtests. For the analysis, the text comprehension subtest was removed on account
of its invalidity (ELFE IIManual). The data collected indicated that the processing of the
subtest was invalid. The students of the experimental group were impeded completing
the test by several internal circumstances.

Reading Motivation
Reading motivation was assessed through a survey designed to assess (i) intrinsic and
extrinsic reading motivation (incentives within the reading process), (ii) reading self-
efficacy (ability to perform reading well), and (iii) the importance of reading (perceived
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significance and utility of reading). As theorised by Schiefele, the last two are the
antecedents of reading motivation [60]. Intrinsic reading motivation refers to curiosity
(interest related to the reading of particular text genre and topic) and involvement (experi-
ences of enjoyment, deep absorption, and imagination, for example, getting involvedwith
the characters in the story). The extrinsic reading motivation encompasses two dimen-
sions: competition (outperform other students in reading) and recognition (get praise
for good reading). Due to the lack of a uniform operationalisation of reading motivation
and the inexistence of a standardised reading motivation questionnaire that covers all
components of reading motivation, we combined the items from different standardised
reading motivation questionnaires. Intrinsic and extrinsic reading motivation, as well as
reading importance, were measured through the Reading Motivation Questionnaire for
Elementary Students (RMQ-E) [61] and the Reading Motivation Questionnaire (RMQ)
[62]. The Scale for Self-Concept in Reading [63] served to assess students’ perception of
reading self-efficacy. Our questionnaire initially contained 33 items and was applied in a
pre-pre test to 16 students from another third-grade class of the same school who did not
participate in the study to measure the questionnaire’s reliability. The factor-analytical
evaluation of the data showed that the questionnaire had a high reliability of cronbach’s
alpha .815 to measure the composition of reading motivation. A look at individual items
showed that this could be increased to .839 by excluding some items. Since we also
aim to measure the influence of IRIS on individual components of reading motivation,
we have also performed the factor analysis for the respective reading motivation com-
ponents. This has also given us a deeper insight into which items should be removed.
The survey consisting of 29 items was conducted with the paper-pencil method. All
items were worded in the standard statement format (e.g. “I read because reading is
fun”) requiring the participants to indicate how these statements applied to them on a
four-point rating scale (1= no, 2= rather no than yes, 3= rather yes than no, 4= yes).

5.4 Procedure

From the beginning of the school year 2018/19 until mid-December 2018, we had several
organisational meetings with the school director and the three teachers responsible for
the experimental and the control groups to explain our research and to plan the study.
Before Christmas holiday 2018, we distributed the informed consents describing the
research procedures and data acquisition to parents. Parents and children were clearly
informed (and agreed to) that the researchers might use and share data, including video,
images, in publications or presentations for academic purposes. After parents signed
and returned the consent forms and all children assented to participate in the study, we
briefed the three teachers responsible for the experimental and the control groups about
how to administer the data collection. Prior to the beginning of the intervention, the
collection of the pre-test data was carried out within one week for the three groups, in
three consecutive days, with the first-day directed for reading motivation, the second day
for demographics and computer literacy and the third day for reading comprehension.
In order to ensure anonymisation, all the questionnaires were coded by the teachers.

Following the pre-test week, the three groups engaged in a period of eight weeks of
classroom instruction, in a total of 40 daily sessions, each with the duration of 60 min,
carried out between 10:00 AM and 11:00 AM.
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The teacher of the students in the experimental group was trained in IRIS instruction
and assisted by one of the researchers responsible for providing support in setting up the
STREEN infrastructure. Since the IRIS instruction follows a weekly cycle, a week in
advance, the teacher received all the necessary materials to conduct the upcoming week
of instruction. These materials always included a printed version of the goals for the
week (see Fig. 6), to be posted in the classroom, the reading fluency checklist to support
the Record, Listen, Reflect functionality, and for each student and teacher, a printed copy
of theweek plan and an updated version of the STREEN application comprising the story
with related digital media running on a 10.1-in. tablet computer. Every week, reading
strategies were gradually introduced to the students and applied throughout the week
as tools for developing reading fluency and reading comprehension. The teacher was
additionally provided with a printed procedural instruction, which included teachers
and students actions, tasks for the students, and explanations on how to use specific
features of STREEN. Finally, in the first week, we also provided a list of rules on how
to use STREEN in A1 size format to be posted in the classroom.

For each of the eight-weeks, we selected one story, in the first four weeks, we used
fairy tales, and in the following weeks fables. In order to address the gradual release
principle, the STREEN features were introduced during the first four weeks. In the first
week, we also had to introduce children to the procedure inherent to readers’ theatre.

The instructions in the two control groups were conducted in parallel in two other
classes of the same primary school. The first control group used traditional Reader’s
Theatre instruction and the second class used conventional instruction for reading com-
petence promotion. All groups read the same story in the same week. A printed copy of
the eight-story scripts given to each student and teacher from the experimental groupwas
provided to the two control group teachers in the pre-test week. The script text of these
printed versions was formatted according to the digital script used by the experimental
group, e.g. font type/size and line spacing.

Directly after the last week of instruction, the collection of post-test data was carried
out within one week in four consecutive days, with the first day dedicated to reading
motivation, the second day for demographics and computer literacy, the third day for
reading comprehension and the fourth day for instruction feedback (only administered
to the experimental group).

6 Results

Before the intervention, the teachers conducted pre-tests assessing students’ reading
comprehension and motivation. The post-tests were carried out the week following the
last instruction. Two children in the IRIS group and three children in the CRI group
could not complete the reading comprehension questionnaire, remaining a total of 18
participant children in the IRIS group, 16 in the RTI group and 17 in the CRI group. A
similar situation happenedwith the readingmotivation questionnaire, leaving 18 children
in the IRIS group, 13 in the RTI group and 19 in the CRI group.
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6.1 The Impact of IRIS on Reading Comprehension

To investigate the impact of IRIS on the reading comprehension, we first run tests to
analyse the data collected from the ELFE II subtests indicated by the number of correct
answers. For measuring the impact of IRIS on word comprehension, we ran a t-test
with results showing that the word comprehension (M = 46.89, SD = 2.09) increased
significantly after the eight-weeks IRIS instruction (M = 54.00, SD = 1.58, t(17) = −
6.65, p** < .01). In the same way, students’ sentence comprehension (M = 45.61, SD
= 9.79) increased significantly after the intervention (M = 50.67, SD = 2.18, t(17) =
−6.89, p**< .01). Regarding the overall performance in reading comprehension (word
and sentence comprehension), the IRIS class also showed significant improvement from
the pre-test (M = 46.00, SD = 2.20) to the post-test (M = 52.50, SD = 1.89, t(17)
= −7.87, p** < .01). In terms of the impact of prior tablet experience on the overall
performance in reading comprehension, the results indicate that the children with less
table experience (less than 30 min per day) present a lower improvement (n = 11,M =
48.00, M = 53.27) when compared with children with more experience (n = 7, M =
42.86,M = 51.29); however, a two-way ANOVA with repeated measures indicated that
this between-group difference was not statistically significant (F(2) = 4.109, p = .06).

6.2 The Impact of IRIS on Reading Comprehension in Comparison with Two
Control Groups

As a starting point, we compare the competence of the three different classes before
the treatment. The analyses of variance yielded no significant difference between the
classes (F(2) = 1.779, p* > .05). With regard to the overall reading comprehension,
the classes improved during the intervention significantly (F(2) = 287.505, p** < .01)
and they differed significantly between each other (F(2) = 6.337, p** < .01). The
pairwise comparison reveals that the CRI (M = 49.71, M = 60.53) and RTI classes (M
= 43.19,M = 53.25) differ significantly (M = −6.899, p* < .05). Regarding the word
comprehension, all groups scored significantly higher (F(2) = 144.068, p** < .01).
However, the differences between the groups were not significant (F(2) = 2.861, p* >

.05). For assessing the differences between the groups on the sentence comprehension,
we ran the Kruskal-Wallis test because of the significance in the Levene’s test. The
three classes improved their levels of sentence comprehension after the intervention
and the difference was significant between the groups (H(2) = 8.453, p* < .05). The
improvement of IRIS group was the lowest and differed significantly compared with
CRI (H(2) = 6.868, p ** < .01) and RTI (H(2) = 5.474, p* < .05).

In terms of the amount of items answered, the results revealed that the IRIS class
(M = 65.11, M = 75.28) scored higher after the intervention. However, there was an
even stronger increase in the CRI (M = 72.12, M = 98.47) and RTI classes (M =
58.56,M = 85.00). A two-way ANOVAwith repeated measures indicated that the three
groups scored significantly higher after the intervention (F(2) = 294.178, p** < .01)
and that groups differed significantly from one another (F(2) = 20.132, p** < .01).
The pairwise comparison shows that the CRI class significantly differs with RTI (M =
13.513, p**< .05) and IRIS (M = 15.100, p**< .05). Regarding the amount of errors,
the results show that the IRIS class reduced the average amount of errors (M = 2.78,
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M = 1.44), whereas the CRI class (M = 2.29,M = 3.59) and the RTI class (M = 1.88,
M = 2.06) increased the average amount of errors. In the last step of the analysis, we
assessed the error rate that is calculated by dividing the number of error occurrences by
the total number of items answered. The results revealed that the IRIS was the class that
registered the strongest decrease in the error rate (M = 0.051,M = 0.022), followed by
the RTI class (M = 0.033, M = 0.026). Contrary to the two previous groups, the CRI
class slightly increased the error rate (M = 0.033, M = 0.039). The distribution of the
difference between post error rate and pre error rate between the groups was significant
(H(2) = 7.248, p* < .05). The post-hoc tests reveal that the error rate difference in the
IRIS class (M =−.0288) significantly differed from the CRI class (M = .0056, H(2)=
2.681, p* < .05).

Finally, the normed data for the reading comprehension test shows that although
the improvement of the IRIS class was the lowest, the students improved compared to
the official reading comprehension baseline in Germany which is provided by a t-test
(t(17) = −2.78, p = .013). In the pre-test, the experimental group scored 46% higher
than the sample used to create the official baseline. In the post-test, the results from the
experimental group were 52% higher than the normed sample.

6.3 The Impact of IRIS on Reading Motivation

To assess the impact of IRIS on reading motivation, we applied the non-parametric
Wilcoxon test for dependent samples due to the lack of normal distribution of the data.
For the composite reading motivation, the test reveals that reading motivation in IRIS
students (n = 18) differ significantly after participating in the IRIS instruction (M =
3.03,M = 3.15), z=−2.526, p*< .05. The intrinsic readingmotivation did not improve
significantly (M = 3.53;M = 3.38), z =−1.438, p*> .05. On the dimension curiosity,
students in the IRIS class scored lower after the intervention (M = 3.47;M = 3.30), z =
−1.658, p* > .05, so also was the impact on the dimension involvement (M = 3.59;M
= 3.49), z = −1.089, p* > 05. In contrast, extrinsic motivation decreased significantly
(M = 3.18, M = 2.28), z = −3.668, p** < .01. On the dimension competition (M =
3.21; M = 2.26), z = −3.632, p** < .01 and recognition (M = 3.06, M = 2.33), z =
−2.289, p* < .05 students scored significantly lower after the intervention. Regarding
reading self-efficacy, after the intervention there was a non-significant increase (M =
2.89,M = 2.94), z =−.701, p*> .05 in students’ perception of being able to read well.
Students perceived the importance of reading slightly lower after the intervention, but
not significantly (M = 3.68, M = 3.57), z = −1.897, p* < .05.

6.4 The Impact of IRIS on Reading Motivation in Comparison with Two Control
Groups

For comparing the changes in reading motivation between the classes, we ran the
Kruskal-Wallis test for independent samples due to the lack of normal distribution in
most of the values. For the composite reading motivation, we reverse coded the items
competition and recognition. The Kruskal-Wallis test revealed that the changes between
the groups differ significantly (H(2)= 10.828, p**< .01). The composite reading moti-
vation increased in IRIS (M = 3.03,M = 3.15) and RTI class (M = 2.90,M = 2.95); in
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contrast, decreased in CRI class (M = 3.32, M = 3.19). The post-hoc tests reveal that
the difference is significant between CRI and IRIS (H(2) = −3.181, p** < .01).

The intrinsic readingmotivation, composed of dimensions curiosity and involvement
changed after the intervention in all classes significantly (H(2)= 6.328, p*< .05). Only
the students from the RTI class improved slightly (M = 3.10,M = 3.12). The CRI class
(M = 3.64, M = 3.34) differed significantly from the RTI class (H(2) = −2.416, p*
< .05). Looking at the individual dimensions, with regard to curiosity, it diminished in
the students of all three classes and the changes did not differ significantly between the
classes (H(2) = 1.625, p* > .05). For involvement, the difference between the classes
was significant (H(2) = 11.841, p** < .05). Involvement in students from RTI class
increased (M = 3.05, M = 3.15). In the other two classes this dimension diminished,
particularly in the CRI class (M = 3.70,M = 3.20). The pairwise comparison shows that
the changes in the CRI class significantly differ from the IRIS class (H(2) = −2.750,
p* < .05) and RTI (H(2) = −3.076, p** < .01).

The extrinsic reading motivation, composed of the dimensions competition and
recognition decreased in all classes significantly (H(2)= 7.749, p*< .05). The post-hoc
tests show that the IRIS class (M = 3.18, M = 2.28) significantly differ from the RTI
class (M = 2.69,M = 2.48),H(2)= 2.554, p*< .05. Regarding competition, all classes
decreased and the changes between the classes were significant (H(2) = 12.620, p* <

.05). The difference between the IRIS (M = 3.21, M = 2.26) and the CRI class (M =
1.36, M = 1.16) was significant (H (2) = 3.501, p** < .01); whereas not between the
IRIS and the RTI class (M = 2.71,M = 2.35,H(2)= 2.158, p*> .05) and between RTI
and CRI (H(2)= 1.017, p*> .05). On the recognition dimension, the changes between
the classes differ significantly (H(2) = 10.024, p* < .05). The CRI class decreased (M
= 2.41, M = 1.12) and differs significantly (H(2) = -3.120, p** < .01) from the RTI
class that increased on this dimension (M = 2.62, M = 3.00). There was no difference
between CRI and IRIS (M = 3.06,M = 2.33), H(2) = -.996, p* > .05). The difference
between IRIS and RTI was not significant (H(2) = 2.232, p* > .05).

For reading self-efficacy, the classes did not differ significantly (H(2)= 1.000, p*>
.05). Looking at the means reveals that there is a drop in reading self-efficacy in the CRI
group (M = 2.81,M = 2.79). IRIS (M = 2.89,M = 2.94) and RTI (M = 2.91,M = 2.93)
increased slightly. Reading importance in IRIS students (M = 3.69,M = 3.57) and CRI
students (M = 3.61,M = 3.04) decreased. Only the students in the RTI class improved
on this reading motivation component (M = 3.10, M = 3.18). A Kruskal-Wallis test
revealed that the changes between the classes are significant (H(2) = 6.618, p* < .05).
The CRI class differed significantly from the IRIS (H(2) = −2.215, p* < .05) and the
RTI (H(2)=−2.157, p*< .05). No significant difference was found between IRIS and
RTI (H(2) = .131, p* > 0.05).

7 Discussion

The results presented above reveal that the students that experienced the eight- weeks
IRIS instruction showed gains in reading motivation and comprehension. Although the
IRIS group was only able to outrange the control groups in some of the components
(e.g. reading comprehension error rate, extrinsic reading motivation), the results are
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promising. The results indicate that advancing the reading instruction with the STREEN
digital-media technology, integrating sound practices for promoting motivation and text
comprehension, can support the development of reading comprehension and motivation
in third-grade students.

An important aspect is that it requires time to learn how to use the technology
properly in an educational context [23, 48]. In fact, in this study, we observed that IRIS
students less experienced with tablet devices improved poorly in reading comprehension
when compared with more experienced children. This does not forcefully mean that we
need an explicit training period before starting the instruction, but certainly implies
changes in the planning of the gradual release model. It will also imply that future
studies integrate an additionalmeasurement point in timedirectly after the familiarisation
period in which teachers and students get used to STREEN. Additionally, even though
we acknowledge the potential of the technology to create rich environments that can
motivate students and enhance learning, we are also aware of its harmful potential to
distract students and negatively influence learning [23, 45]. Furthermore, very often,
the gains in motivation are due to the novelty of the technological tools, and there is a
tendency of decrease inmotivationwith time [23, 45, 50]. Our investigation aims at better
understanding the influence of time onmotivation. It may also be that the highmotivation
to use the technology, in the beginning, has slowed down the development of reading
comprehension. Accordingly, future study designs need to consider the integration of
more than two measurement points.

It is also valid to say that time is needed to get familiarised with all the novelties
offered by the IRIS concept. The students had to adapt to the new routine, and so did the
teacher. For instance, the implementation of Reader’s Theatre was certainly an additional
challenge at the beginning of the eight-weeks instruction. Over time, the students became
much more confident in using the technology and in mastering different aspects of the
IRIS instruction.

Finally, the teachers’ influence may have created a bias. The influence of teachers
on students has been known for a long time. First, teachers carried out the tests, and this
might have affected the results. For example, it was surprising that the IRIS class scored
worse in the text reading comprehension post-test than in the pre-test. A noticeable
number of students had not got very far in the test, which suggests that something had
happened in the last subtest of reading comprehension. Second, the students and the
teacher might as well felt too much pressure to show good results, negatively impacting
the test results. Finally,we need to consider the influence of teachers on students’ learning
and gaining competencies, motivation, emotions. For that, we will need to evaluate IRIS
with different teachers and collect data from students about their attitude towards their
teachers and consider it in the analyses. The results from the comparison of the IRIS
class with the normed data from the ELFE-test strengthen this assumption.

8 Conclusion

In this paper we have presented the instructional framework IRIS, a framework that
was created based on the existing research literature and that was developed through a
close cooperation between researchers and a third-grade teacher from a German primary
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school. IRIS provides a holistic approach for fostering the reading competence of upper
primary school students. This approach allows children to become competent and moti-
vated readers. IRIS uses the potential of digital media to promote reading motivation
and comprehension through the systematic integration of STREEN into instructional
practices providing a pedagogical-media concept for digital media-based teaching and
development of reading competence. Additionally, we have presented an exemplary IRIS
instruction that was created for third-grade students. We have also described an eight-
weeks comparative study aimed at understanding the impact and quality of the IRIS
instruction framework and reported results, which indicate positive effects on students’
reading comprehension and motivation. These results show some possible influences on
the instruction and require further investigations. In future work, we plan to deepen the
data analysis regarding the students and teachers’ feedback and to use the insights from
this study to redesign and enhance the IRIS framework and the STREEN technology.
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Abstract. This study actually produced and developed a computer role-playing
game which aimed at 108 first-year college students. It discovered the relationship
between the perceptual usefulness and ease of use of digital game-based learning
and students’ learning motivation, learning attitude, and learning satisfaction. In
this study, a questionnaire survey method was applied to analyze the relationship
between the research variables and the input hypothesis verification for the 108
questionnaire data recovered. The following conclusions were obtained: (1) “Use-
fulness” positively affects “learningmotivation,” “learning attitude,” and “learning
satisfaction.” (2) “Ease of use” does not affect “learning motivation,” “learning
attitude,” and “learning satisfaction.” (3) The research infers that students are now
familiar with the operation of computer role-playing games. Whether it is easy
to use is not an important consideration. However, in terms of teaching strate-
gies, teachers should pay attention to the usefulness of learners’ perceptions. If
the perceptions are useful, teachers can greatly increase the chances of success in
teaching, and can enable students to have equivalent learning motivation, attitude,
and satisfaction.

Keywords: Digital Game-Based Learning (DGBL) · Learning motivation ·
Learning attitude · Learning satisfaction

1 Introduction

In terms of the concept of situated teaching, themeaning of knowledge cannot be isolated
from the context. The computer role-playing games applies a variety of level designs
to form a rich and reasonable storyline. Through the exploration, users can look for
information and try to complete the tasks given in the game. The computer role-playing
game makes the players deeply feel that they are the characters in the stories and survive
in the virtual games as the characters. What attracts players is the process of story
development and the curve of character development, as well as the relationships they
build up with other characters in the game world.

The Digital Game-Based Learning (DGBL) system can provide learners with an
active learning environment and opportunity. It allows learners to immerse themselves
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into learning and obtain better learning information. The field of DGBL has been widely
researched and applied currently. Through this way of learning, it brings more pleasant
and stimulating in the learning processwhich not only enhancesmotivation and interests,
but also improves learning effectiveness.

DGBL is a valuable study for teachers and students in terms of teaching strategies and
methods to enhance students’ motivation, attitude and satisfaction, and thus enhance stu-
dents’ learning effectiveness. Therefore, this study will explore the relationship between
the use of computer role-playing games in mythology literature, the usefulness of per-
ception, the ease of perception, and the learning motivation, attitude, and satisfaction of
students.

2 Reviewed Literature

2.1 Digital Game-Based Learning

Digital Game-Based Learning (DGBL) is a student-centered teaching method that can
decrease the frustration of learners. It combines digital games with teaching content
and considers learner’s learning and cognitive style. Learning activities by simulating
states can make the learning process more stimulating and effective [1]. DGBL can also
be applied on Inquiry-based learning. The exploratory way of learning is an effective
teaching strategy which provides students with the opportunity to explore in the game
environment with tasks and challenges. It also allows learners to continually retry tasks
and solve problems based on feedbacks from the game system. Inquiry-based learning
integrates teaching strategies into the game environment and provides challenges in the
game tasks. It can also arrange to elevate significant inquiry activities which can effec-
tively improve learners’ learning effectiveness, motivation, flow experience, learning
satisfaction [2].

2.2 Learning Motivation

Motivation is the requirement to reach reserved goals and the initial point for a series of
physiological processes that drive individuals to influence behavior [3]. How to stimulate
students’ learningmotivation is one of the important topics for teachers in the classrooms.
Motivation can be divided into internal and external forms according to the different
causes or goals that are caused by the action. The intrinsic motivation refers to the way
of internal reward rather than any external reward. The motivation for learning in this
study is from the perspective of internal motivation. The origin of internal motivation is
the personal desire, but not external reward or punishment [4]. It is the desire of students
to continuously pursue knowledge and skills. Intrinsicmotivation ismotivated by interest
or entertainment, even because of the internal desire to challenge and solve the target
tasks [5]. As the learners acquire abilities and knowledge, intrinsic motivation leads
to satisfaction and pleasure in the learning process [6]. To compared with extrinsically
motivated students, intrinsically motivated students are more likely to persevere and
maintain long-term learning motivation when facing the learning challenges [7].
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2.3 Learning Attitude

Attitude can be a relatively stable cognitive and emotional psychological tendency
expressed in a situation or concept. Attitude is different from motivation. Attitude is
a group of beliefs, and motivation is the reason for doing something [8]. Attitudes are
also usually different from beliefs, because attitudes have a moderate duration, strength,
and stability. And they have emotional content as well, while beliefs are stable and dif-
ficult to change ideas [9]. Emotional factors such as attitude, motivation, and anxiety,
play an important role in stimulating and supporting learning effectiveness [10]. In the
study of higher education, regardless of the teaching method adopted by teachers in the
college, it points out that the student participation may be the most important factor in
determining whether college students can successfully learn or not [11]. Research on
attitudes regarding the use of Information and Communication Technology has shown
that there is greater potential for the use of digital learning technology in order to enhance
learning activities. It can not only promote the participation in learning, but also enhance
the positive learning attitudes [12].

2.4 Learning Satisfaction

Satisfaction is a kind of psychological sense and an abstract term as well. Martin [13]
believes that satisfaction refers to the consistency between an individual’s expectation
of gaining experience and the actual results one feels when experiencing. If it equals or
exceeds to expectations, one will feel satisfied. Otherwise, one will not be satisfied. In
this way, learning satisfaction can be the degree of psychological expectation that the
learner feels whether the learning activities are encountered. When the learning topics
help to fulfill student expectations and needs, they can increase students’ satisfaction.
Kuo et al. [14] studied some predictive indicators of student satisfaction and pointed out
that when learners and instructors or learners and learningmaterials interacted well, they
were good predictors of learning satisfaction. Learning through a series of interactions
allows learners and instructors or learners and textbooks to have a large number of good
interactions, which is also a way to improve learning satisfaction. The higher learning
satisfaction will also affect learning motivation and effectiveness as well [15].

3 Methodology

3.1 Teaching Material Content

This study uses the Input-Process-Outcome Game Model (IPOGM) [16]. It produces a
computer role-playing gamewith the learning content in the gamewhich is set to the Shan
Hai Jing mythology literature course. The learner can control the roles in the adventure
and puzzle solving of the game, under the rich and reasonable storyline. The learners
can also enjoy in the game loop, and solve problems by exploring the environment,
collecting information, and thinking strategies in order to achieve high engagement of
participation in learning activities. The dialogue mode in the game is shown in Fig. 1,
and the battle mode in the game is shown in Fig. 2.



Explore the Effects of Usefulness and Ease of Use 29

Fig. 1. Game dialogue mode.

Fig. 2. Game battle mode.

3.2 Research Hypothesis

This study focuses on the relationship between the use of computer role-playing games
in the teaching of mythology and literature courses. And it explores the relationships
among perception of students’ usefulness, ease of use, learning motivation, learning
attitude, and learning satisfaction.

H1: Usefulness affects students’ learning motivation.
H2: Ease of use affects students’ learning motivation.
H3: Usefulness affects students’ learning attitude.
H4: Ease of use affects students’ learning attitude.
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H5: Usefulness affects students’ learning satisfaction.
H6: Ease of use affects students’ learning satisfaction.

3.3 The Definition and Measurement of the Research Dimensions

All Dimensions of this study refer to relevant literature for the definition and operation of
variables. As for the question of all the Dimensions, the “usefulness”, “ease of use”, and
“learning motivation” scales were modified from Hwang et al. [17]. And the questions
of the “learning attitude” scale were modified from Pierce et al. [18]. The questions on
the “learning satisfaction” scale were modified from Sun et al. [19]. The questionnaire
items and scale reference sources are shown in Table 1, Table 2, Table 3, Table 4 and
Table 5.

Table 1. Questionnaire items and source.

Dimensions Questions Sources

Usefulness I think that the use of computer role-playing games enriches
learning activities in mythology literature courses

Hwang et al. [17]

I think that the mythology literature courses using computer
role-playing games is very helpful for me to gain new
knowledge

I think that in mythology literature courses, the learning
mechanism provided by computer role-playing games makes
the learning process smoother

I think, in mythology literature courses, using computer
role-playing games helps me getting valuable information
when I need it

I think that in mythology literature courses, using computer
role-playing games helps me learning better

I think it is more useful to apply computer role-playing
games in mythology literature courses

Table 2. Questionnaire items and source.

Dimensions Questions Sources

Ease of use I think it is not difficult for me to use computer role-playing
games in mythology courses

Hwang et al. [17]

It only took me a short time to fully understand how to use
computer role-playing games in mythology literature courses

I think that in mythology literature courses, learning activities
using computer role-playing games are easy to understand
and follow

(continued)
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Table 2. (continued)

Dimensions Questions Sources

I quickly learned how to use computer role-playing games in
mythology and literature courses

I think it is not difficult for me to use computer role-playing
game learning methods in mythology literature learning
activities

I think it is easy to use computer role-playing games in
mythology courses

Table 3. Questionnaire items and source.

Dimensions Questions Sources

Learning motivation I think it is interesting to use computer
role-playing games to learn mythology and
literature courses

Hwang et al. [17]

I think it is valuable to use computer role-playing
games to learn mythology and literature courses

I want to use computer role-playing games to
learn more in mythology and literature courses

I think it is worthy to use computer role-playing
games to learn the content of mythology and
literature courses

To me, learning mythology and literature courses
is very important

I know that learning mythology and literature
courses is very important for future applications

I will actively look for more information to learn
mythology and literature courses

I think it is very important to learn mythology and
literature courses for every student

Table 4. Questionnaire items and source.

Dimensions Questions Sources

Learning attitude I like to use computer role-playing games for mythology
and literature courses

Pierce et al. [18]

I think I will learn more when using computer
role-playing games in mythology courses

(continued)
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Table 4. (continued)

Dimensions Questions Sources

I think the use of computer role-playing games in
mythology literature courses is worth to pay extra effort

I think mythology and literature courses are more
interesting when using computer role-playing games

I think computer role-playing games can help me
learning mythology and literature courses better

Table 5. Questionnaire items and source.

Dimensions Questions Sources

Learning satisfaction I am satisfied with the decision of using computer
role-playing games to learn mythology and literature
courses

Sun et al. [19]

If have the opportunity to use computer role-playing
games to learn mythology and literature courses, I
would be happy to do so

I selected to use computer role-playing games to
learn mythology and literature courses

I think to use the computer role-playing games to
assist the mythology course is very satisfied

I think that mythology literature courses assisted with
computer role-playing games satisfies my learning
needs well

I will do my best to use computer role-playing games
to learn mythology and literature courses

3.4 Data Collection

The Likert’s 5-point scale is used in this research. After taking an 80-min computer
role-playing game in mythology and literature courses for the freshmen students of
the Department of Digital Media Design of Ling Tung University, the questionnaire is
distributed and filled out. A total of 108 copies of effective questionnaires were collected
75 females and 33 males were included in the questionnaire. The SPSS 21.0 is used as
the computer statistical analysis software. The statistical analysis includes reliability
analysis and the validity is tested through KMO. Also the research hypothesis has been
analyzed. Through correlation analysis, we can understand the relationships between
Dimensions. Through regression analysis, it provides further understanding the degree
of mutual influence of Dimensions.
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4 Research Results

4.1 Reliability Analysis

The interviewing questionnaire of this research includes five dimensions: “usefulness”,
“ease of use”, “learning motivation”, “learning attitude” and “learning satisfaction”.
According to Guielford [20], a Cronbach’s alpha value greater than 0.7 indicates a high
degree of confidence. In this study, 108 questionnaires were distributed, and 108 valid
questionnaires were recovered, with an effective recovery rate of 100%. Cronbach’s
alpha values of the five dimensions, such as usefulness, ease of use, learning motivation,
learning attitude, learning satisfaction, are higher than 0.8 (between 0.862–0.958). It
possesses relatively high reliability. The five dimensions of Cronbach’s alpha are listed
in Table 6:

Table 6. Reliability analysis table.

Dimensions Number of questions Cronbach’s alpha value

Usefulness 6 0.958

Ease of use 6 0.862

Learning motivation 8 0.936

Learning attitude 5 0.914

Learning satisfaction 6 0.946

4.2 Validity Analysis

In the validity part, the issuance questionnaires are supervised by three relevant experts
with experience in designing questionnaires in order to complete the questionnaire
design, so that the questionnaires have certain content validity.

Through the KMO Spherical Test. The KMO value is between 0 and 1. The closer
the value is to 1, the higher the correlation of the variable is, which is more suitable for
factor analysis. The closer the value is to 0, the lower the correlation of the variable is
which is less suitable for factor analysis. The KMO measure of sampling adequacy is
commonly used metrics above 0.9 indicate that it is very suitable; 0.8 indicates that it
is suitable; 0.7 indicates that it is generally suitable; 0.6 indicates that it is not suitable;
0.5 or less indicates that it is extremely unsuitable. The overall test results of this study
are summarized in the following Table 7:
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Table 7. The KMO spherical test.

Dimensions KMO Value Results

Usefulness 0.908** Very suitable

Ease of use 0.759** Generally suitable

Learning
motivation

0.851** Suitable

Learning
attitude

0.881** Suitable

Learning
satisfaction

0.894** Suitable

** significant at p < 0.01

Among the dimensions, theKMOvalue of learningmotivation is 0.851,which passes
the verification standard. The interpretable variation is 69.46%which can be extracted of
a component. The KMO value of learning attitude is 0.881, which passes the verification
standard. The interpretable variation is 74.43% which can be extracted of a component.
The KMO value of learning satisfaction is 0.894, which passes the verification standard.
The interpretable variability is 79.28% which can be extracted of a component. The
KMO value of ease of use is 0.759, which passes the verification standard and can
explain 59.30% of the variation. It can be extracted a component. The KMO value of
usefulness is 0.908, which passes the verification standard. The explainable variation is
86.60% which can be extracted of a component. The overall test results of this study are
summarized in the following Table 8. Therefore, all the dimensions of this study have
passed the standard with certain validity.

Table 8. The KMO spherical test.

Dimensions KMO Value Explanation
Total Variance

Usefulness 0.908** 86.60%

Ease of use 0.759** 59.30%

Learning motivation 0.851** 69.46%

Learning attitude 0.881** 74.43%

Learning satisfaction 0.894** 79.28%
** significant at p < 0.01
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4.3 Correlation Analysis

In order to understand the influence variables between the facets and whether there
is a relationship between the facets, the results are shown in Table 9 through Pearson
correlation analysis:

Table 9. Correlation analysis table.

Dimensions Usefulness Ease of use Learning
motivation

Learning
attitude

Learning
satisfaction

Usefulness 1

Ease of use 0.71** 1

Learning
motivation

0.81** 0.61** 1

Learning
attitude

0.87** 0.69** 0.86** 1

Learning
satisfaction

0.91** 0.67** 0.84** 0.91** 1

** significant at p < 0.01

As shown in Table 9, there are correlations between the facets. This studywill further
carry out regression analysis.

4.4 Regression Analysis

In order to understand the influence among the facets, this study will carry out regression
analysis to clarify the relationship between each other. It used usefulness and ease of
use as independent variables, and respectively analyzed learning motivation, learning
attitude, and learning satisfaction as dependent variables. The result are summarized in
Table 10:

Table 10. Table of three-mode regression analysis arrangement.

Independent
variable/dependent
variable

Model 1: learning
motivation

Model 2: learning
attitude

Model 3: learning
satisfaction

Usefulness 0.759**(p = 0.000) 0.803**(p = 0.000) 0.603**(p = 0.000)

Ease of use 0.076 (p = 0.343) 0.096 (p = 0.065) 0.046 (p = 0.418)

Significance 0.000** 0.000** 0.000**

Degree of freedom 2 2 2

F value 103.605 199.100 262.630

R2 0.664 0.791 0.833
** significant at p < 0.01
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In Model 1, we use learning motivation as a dependent variable, through usefulness
and ease of use as independent variables. We found that the model is established and the
regression analysis was found that usefulness affects the learner’s learning motivation
(0.759**). But the perception ease of use has not affected.

In Model 2, we use learning attitude as a dependent variable, through usefulness
and ease of use as independent variables. We found that the model is established and the
regression analysis found that usefulness affects the learner’s learning attitude (0.803**).
But the perception ease of use has not affected.

In Model 3, we use learning satisfaction as a dependent variable, through usefulness
and ease of use as independent variables. We found that the model is established and the
regression analysis found that usefulness affects learner’s learning satisfaction (0.603**).
But the perception ease of use has not affected.

Usefulness

Ease of Use

Learning Motivation
R2=0.664

Learning Attitude
R2=0.791

Learning Satisfaction
R2=0.833

** significant at p 0.01

Fig. 1. The result of regression analysis.

4.5 Summary

Through the statistical analysis of the data from above, in addition to having good relia-
bility and validity, this research has an impact on the relationship between “usefulness”,
“learning motivation”, “learning attitude”, and “learning satisfaction”. However, “ease
of use” is invalid for “learning motivation”, “learning attitude” and “learning satisfac-
tion”. The inference may be because students are now fairly familiar with the operation
of computer role-playing games. Therefore, the ease of use is not an important con-
sideration. However, in terms of teaching strategies, teachers must pay attention to the
usefulness of learners’ perception. If the learners’ perception is useful, it can greatly
increase the chances of achieving success in teaching. And it can make students have
more comparable learning motivation, attitude, and satisfaction. Based on the above, the
results of the hypothesis in this study are summarized in Table 11:
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Table 11. The hypothesis of the establishment.

Hypothesis Status

H1: Usefulness influences the learning motivation of computer role-playing games in
teaching mythology and literature

True

H2: Ease of use influences the learning motivation of computer role-playing games in
teaching mythology and literature

False

H3: Usefulness influences the learning attitude of computer role-playing games in
teaching mythology and literature

True

H4: Ease of use influences the learning attitude of computer role-playing games in
teaching mythology and literature

False

H5: Usefulness influences the learning satisfaction of computer role-playing games in
teaching mythology and literature

True

H6: Ease of use influences the learning satisfaction of computer role-playing games in
teaching mythology and literature

False

5 Conclusion

5.1 Research Finding

(1) Usefulness will positively affect students’ learning motivation (H1)
The research confirms that computer role-playing games are used to teach mythol-
ogy and literature courses. Usefulness will positively affect students’ learning
motivation. Therefore, the hypothesis H1 of this study is confirmed.

(2) Ease of use cannot positively affect students’ learning motivation (H2)
The research confirms that computer role-playing games are used to teach mythol-
ogy and literature courses. Ease of use does not positively affect students’ learning
motivation. Therefore, the hypothesis H2 of this study is not confirmed.

(3) Usefulness will positively affect students’ learning attitude (H3)
The research confirms that computer role-playing games are used to teach mythol-
ogy and literature courses. Usefulness will positively affect students’ learning
attitudes. Therefore, the hypothesis H3 of this study is confirmed.

(4) Ease of use cannot positively affect students’ learning attitude (H4)
The research confirms that computer role-playing games are used to teach mythol-
ogy and literature courses. Ease of use cannot positively affect students’ learning
attitudes. Therefore, the hypothesis H4 in this study is not confirmed.

(5) Usefulness will positively affect students’ learning satisfaction (H5)
The research confirms that computer role-playing games are used to teach mythol-
ogy and literature courses. Usefulness will positively affect students’ learning
satisfaction. Therefore, the hypothesis H5 of this study is confirmed.

(6) Ease of use cannot positively affect students’ learning satisfaction (H6)
The research confirms that computer role-playing games are used to teach mythol-
ogy and literature courses. Ease of use cannot positively affect students’ learning
satisfaction. Therefore, the hypothesis H6 of this study is not confirmed.
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5.2 Research Conclusion

In addition to the nice reliability and validity of this research, when discussing the impact
relationship, “Usefulness” has a respective effect on “learning motivation”, “learning
attitude”, and “learning satisfaction”. However, “Ease of use” does not hold for “learn-
ing motivation”, “learning attitude”, and “learning satisfaction”. This result is somewhat
different from the research of some scholars [21]. The inference of this research is that
students in the Department of Digital Content Design have a high chance of using com-
puters. In addition, computer role-playing games are so popular in Taiwan that students
are very familiar with the operation of such computer role-playing games. Therefore,
ease of use is no longer an important consideration for students. However, in terms of
teaching strategies, teachers should pay attention to the usefulness of learners’ percep-
tion. If the learners’ perception is useful, it can greatly increase the chances of success in
teaching. It can also make students have certain promoted degree of comparable learning
motivation, attitude, and satisfaction.
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Abstract. When we think of educational games or apps, data analysis is not what
comes first to ourmind. However, a fundamental feature of all types of games/apps
is the data. When playing, the system is constantly collecting data from the users,
about the current state of the game and making predictions and decisions based
on that data. This is what data analytics is all about. Games are an amazing way
for scientists and educators to communicate with multiple data sets, as well as
a great way for developers to get a wealth of relevant information to inspire the
development of new algorithms and theories. The main goal of this investigation
is to propose and validate techniques that allow the application of data analysis
concepts to improve digital educational environments, especially the ones related
to storytelling. In this paper, we discuss the development and implementation
process of specific analytical techniques applied to Mobeybou, a set of story apps
for children, as a first step to develop a set of guidelines to support, inform and
optimize the evaluation of the efficiency of educational games/apps using data
analysis.

Keywords: Data analytics · Educational games · Interactive story apps ·
Children

1 Introduction

Thiswork aims to develop a set of guidelines and techniques to optimize the evaluation of
the efficiencyof educational tools, such as games and story apps directed to children using
data analysis. The goal is not to develop a new data mining or analytics tool, but rather
to propose and validate techniques that allow the application of data analysis concepts
to improve digital educational environments, especially the ones related to storytelling.
With these techniques, we intend, for example, (i) to collect and analyse relevant data of
the users and their contexts, in order to understand and optimize the learning process in
environments that use educational games, and (ii) to better understand students’ learning
process. In order to develop this general framework, we started by customizing existing
data collection methods and algorithms that we have then implemented in theMobeybou
story apps [1]. In this paper, we present and discuss the development and implementation
process of these specific analytical techniques.
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2 Data Analytics and Games

Any team responsible for designing a game needs to understand its users, e.g., why do
they play, why do they stop playing, how long do they play? These questions can be
answered by analyzing data collected during the game play and thus informed design
decisions can be made instead of relying on mere assumptions. By integrating data
collection into a game, it is possible to collect different types of information about the
users: How many people play the game every day, how many times do these people play
during a certain period of time, what stages of the game do they play the most or how
long do they spend playing each session. In short, data analysis allows designers to focus
on the most relevant tasks to improve their games and to make them more attractive to
their users [2].

2.1 Data Analytics and Educational Games/Apps

Regarding educational contexts,Agasisti andBowers (2017) propose that the instruments
to be used for data analysis in specific research and to answer the desired questions can
be ordered in three different approaches considering its specific purpose: Educational
Data Mining (EDM), Learning Analytics (LA) and Academic Analytics (AcAn).

Educational Data Mining uses computational methods to detect patterns and recur-
rences in large amounts of collected educational data. Themain beneficiaries of this app-
roach are researchers, analysts, faculty and tutors. EDM represents a host of education-
specific machine learning tools, providing an excellent foundation for our discussion of
learning design analytics. EDM is an emerging discipline, concerned with developing
methods for exploring large educational data streams [3].

Learning Analytics uses many of the Educational Data Mining analysis models but
focuses on teaching and learning activities with great attention to the achievement goals,
that is, the results. LA uses data analysis to help researchers understand the factors that
are critical to learning. Learners, faculty and tutors can benefit from this data analysis
method.

Academic Analytics, on the other hand, focuses on the systematic use of data to gen-
erate information that can improve the internal efficiency of operations and management
processes in educational institutions. Thus, its use is more focused on the organizational
level of education, such as personnel, resources and material management. In our work,
we intend to use tools from the first two approaches (EDMand LA) to assist our research,
as we believe they are more relevant to analyze the data collected from the Mobeybou
users in order to improve the quality of storytelling and the educational aspects of the
app.

When applied during the various stages of game development, data analysis methods
can provide in-depth insights of learning patterns in digital game environments, as well
as inform and facilitate design iterations for optimizing learning and engagement [3].
These insights can inform each stage of the game design and production and be carried
out in synchrony with game refinement cycles to fuel iterative, data-driven design for
better engagement in learning. In the early stages of development, the definition of the
data structure and visualization analysis can be valuable in supporting design, since the
discovery of data structures can reveal deeper interaction patterns performed by the user
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as the mechanics are solidified in the following stages of development. This predictive
approach can support game production by providing learning prediction and behavior
detection for adaptability in the game supporting the learning objectives [4].

There are several methods for evaluating in-game learning: “Broad analysis goals (or
‘metagoals’) common to the expert EDMsynopses are visualization, relationshipmining,
and prediction […]. Visualization involves graphic representations of data; relationship
mining looks at associative data patterns; and prediction can project outcomes via algo-
rithms of sequence, probability, and regression. Specific method types include: descrip-
tive visualization, social networks, clustering, association, classification/regression, and
pattern mining”[5:2].

A simple example is tomeasure howmany levels a student has completed or to record
the last completed level. The benefit of this approach is that it is very straightforward and
relatively easy to implement. The analysis of the last challenge a student successfully
overcamecanbeused as an independent assessment variable of the student’s performance
[6]. Andersen et al. [7] applied a different method for evaluating success in a study of the
effects of different tutorial styles on learning gameplay, looking at howwell a player was
learning while playing a game. This approach works well when the gameplay mechanics
are properly aligned with the learning content.

Another method is Evidence Centered Design (ECD) [8], which depends on three
main components: a competency model, an evidence, and a task model. The competency
model describes the knowledge level intended to be achieved with the system. The
evidence model analyzes student’s interactions with a system through predefined rules.
The evidence model also shows a relationship between the competence model and the
observed scores. Finally, the task model provides a framework for describing the tasks
a student performs within the system [9]. In this investigation, we focus only on the
post-game data collection method, that is, the data is analyzed after the sessions and not
in real time. The data collected in the app used as a model is grouped and made available
for analyses at 12-h intervals.

This brief panorama of evaluation methods for educational games indicates a diver-
sity of practices. The fact that educational games have been used as an innovative instruc-
tional strategy tomake learningmore effective justifies suchdiversity, since it is important
to systematically evaluate these games and check for evidence of its impact on learning.
However, a systematic literature review carried out by Petri and von Wangenheim [10],
in which the authors identify and describe seven different approaches to systematically
evaluate educational games, has shown that most of the approaches are developed in
an ad-hoc manner and do not provide an explicit definition of the study, its execution
and data analysis. Therefore, the authors argue that there is a need for research on the
definition and operationalization of educational game evaluations. According to Steiner
et al.: “A crucial question is how to harness and make sense of game-based user data
in an educationally relevant manner” [11:196]. In this sense, the data analytics tech-
niques developed in this study are an effort to obtain more systematic data collection
and, consequently, more valid and uniform results.

Although evidence of learning is the main objective when investigating, developing
or designing educational games, it is not the only aspect that can be investigated on a
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game. Many other important questions may arise during the development of an educa-
tional game. Among them, it is important to highlight the following: Are the goals of the
game really rewarding the kinds of behaviors that the gamewants to encourage?Does the
difficulty of the levels progress adequately to the proposed objectives? Answering these
questions may affect the interpretation of learning measures and may have implications
for the redesign of game mechanics. Gameplay data analysis can be a valuable ally in
determining what types of mechanics work, or not, to meet the learning goals. However,
the obtained data can only be consistently and assertively analyzed when these learning
goals are well defined [12].

The use of data analytics in educational environments can inform both educators and
designers. For educators, the data collection can be seen as an iterative cycle of hypothesis
formation, testing and improvement. E.g., the educator can understand which learning
topics need to be reinforced. In this process, the objective is not only to transform data
into knowledge, but also to apply the extracted knowledge to make decisions about how
to modify the digital educational environment to improve student’s learning. For game
designers, data analytics is a way to evaluate the design of applications or games and can
help to improve the game design. Therefore, data collection in educational environments
can be a powerful ally for assessing the effectiveness of interactive experiences [13].

Our literature review identified a lack of detailedwork on data analysis in educational
games. This review also indicates that there is a growing interest in evidence-based
education, where games and educational applications that aim to improve teaching and
learning can be validated with real data obtained from user interactions.

3 Developing Data Analytics Techniques for the Mobeybou
Interactive Story Apps

Based on the assumptions presented above, we propose the development of a set of data
analytics techniques to be integrated in the Mobeybou apps, a set of interactive story
apps directed to pre and primary school children. The integration of these techniques
will allow the collection of relevant data of the user’s interactions with the story apps
that will inform (i) future design decisions and (ii) the evaluation of the user’s learning
process. In this section, we describe the decisions regarding the development of such
data analytics techniques.

The development of techniques for capturing the user’s activity data has great rele-
vance for validating the collected information. These techniques should be concise and
built to collect and catalog the data in a reliable manner. Based on the above presented
understandings, we developed an interaction logging system, a kind of activity map,
which, by saving the user’s activity log, can provide a database to inform teachers and
researchers about which game mechanics and elements are more effective in promoting
the user’s achievement of the learning objectives.

Several methodological procedures are necessary to accomplish this goal, namely:
(i) choosing the data platform in which the study is going to be developed; (ii) defining
which data will be collected and recorded considering the learning goals; (iii) customiz-
ing the data analytics techniques; (iv) implementing the data analytics techniques; (v)
establishing a time window for the collection of this data; (vi) analysing the collected
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data; and, finally, (vii) indicating, based on the analysis of the data, paths for both the
improvement of the story apps and the development of a set of guidelines and tech-
niques for using data analysis in educational applications or games with a storytelling
component.

3.1 Using Unity Analytic as a Data Platform

We choose the Unity Analytics data platform to carry out this investigation since it is a
simple but powerful data platform that also provides data recording for projects devel-
oped using Unity. Unity Analytics, is the only analysis solution integrated in the Unity
engine that does not require the installation of a third-party SDK (Software Develop-
ment Kit). Unity Analytics allows collecting specific information that helps to adjust the
gameplay and offer the best possible experience to the users. To obtain the behavioral
data it is necessary to record the events or activities that the user performs within the
game. Specific actions or choices carried out by the users are captured. To do this, a
series of events are created that are triggered by the user’s actions and indicate Unity
Analytics to capture certain values. The collected data is generally divided into the fol-
lowing categories: geodemographic data; behavioral data; operational data; funnels; and
qualitative data [14].

Along the entire data collection process it is mandatory to assure the anonymity of
the users. Therefore, the data collection is merely used, to understand how the game
applies to all users, and only relevant data is stored. Some types of data are irrelevant
and some data can also be inferred by evaluating interconnected events. Understanding
the kinds of data we can access and its meaning is fundamental to convert the collected
data into improvements or new features for a project. In the next section, we present the
decisions we have made about which data needs to be collected and stored by the data
analytics techniques under development.

3.2 Design of Adaptive Data Analysis Techniques

In order to collect relevant data using the Unity Analytics platform, we apply scripts at
key points in the story app that serves as a test model. These scripts act as a trigger that
records the user’s actions within the interactive application.

The first design decision was to map every button of the app’s opening interface.
The recording of all possible interactions in the opening interface is necessary to get
information about how the user navigates through the user interface. Important users’
choices within the opening interface that have pedagogical implications are, for instance,
related to the following questions: What does the player do first: Read the story, read
the glossary or play the integrated game? Does s/he read the story from the beginning
or selects a different page to begin the reading? Which page do the users read most
frequently? Which page do the users read less frequently? Which sequence of pages do
they prefer to read? How many users visit the glossary page?

This kind of data can help researchers and educators to get an overview of the users’
reading behaviour,which is relevant both to improve the interactive story application - for
instance by redesigning the less visited pages, - and to develop pedagogical approaches
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- for example, by focusing on the preferred sequence of pages or on the integration of
the glossary into the story.

The second design decision was to map every button of the app’s menu interface.
This is relevant to record the most selected language or the most chosen character by the
users, as well as to access if the users turn off the music or the integrated narration of the
story. In the story pages, the data is collected each time the users touch an interaction
area and the navigation buttons. The analysis of such interconnected events allows us to
infer valuable information such as: How long does it take users to read each page? How
many users give up on completing the reading? Do the users do all possible interactions
before moving to the next page? What kind of interaction seems to involve users the
most? Again, interpreting such data can lead to relevant understandings about the users’
reading behaviour and inform design and pedagogical decisions.

We also map data such as the user’s life cycle, howmany users are online, howmany
use the app daily and how many times each user interacts with the app. The country in
which the user is located is also registered.

The above mentioned aspects are examples of custom events that we use to capture
data of the player’s behavior, however, and depending on the defined goals, parameters
are often changed over time, some other parameters can be added and others removed.
This is why simplicity and ease of implementation and management for data analysis
techniques for educational games or applications is so important. In our investigation,
the developed data analytics techniques were implemented inMay 2020, and will collect
data during a timewindow of sixmonths. After that, the collected data will be analysed to
understand if the chosen parameters and custom events are effective for informing future
design and pedagogical decisions, as well as good enough to support the development
of a technique for using data analysis techniques for educational applications or games
with a storytelling component.

Concerning the analysis of the collected data, it is important to highlight that it
requires new techniques, since interactive learning platforms, such as digital games,
have opened up new opportunities to collect and analyze student’s data, to map patterns
and trends in that data and to test hypotheses about how students learn.

As discussed in Sect. 2.1, there is a lack of well-established and well-founded tech-
niques to analyze the efficiency of educational games and applications. Data collection,
for example, is performed in various ways and not all are clearly justified. Although
different data may be collected, there is still little guarantee about which data is most
suitable for the evaluation of educational games. However, if properly designed and
applied, the use of data analytics can be a valuable contribution to studies that aim at
evaluating educational games by operationalizing an important phase for the evaluation,
that is, the collection of data.

4 Conclusion and Future Work

Along this investigation, we have found evidence that data analysis can be a valuable
tool for evaluating educational games. Following the customization of data analytics
techniques to implement in story apps for children, a set of guidelines to optimize the
evaluation of the efficiency of educational games using data analysis will be collected.
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Future work includes: (i) analysis of the data recorded during this investigation in
order to determine if the selected data was adequate to answering the questions related to
the story apps and their learning goals; (ii) the design of general techniques to determine
which data is important to collect in order to answer the desired research questions; (iii)
the design of data management techniques that can be adaptable and easily implemented
in educational game projects. As a long-term goal, we plan to apply data analysis in
educational games in an agile and adaptable way with the aim of providing data that can
help to improve teaching in educational games.
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Abstract. Virtual reality is used to support teaching in the professional caregiver
educations. Virtual reality can visualize the anatomical part of the body and pro-
vide interactive content that support and motivate students. This paper presents a
preliminary study of an ongoing development of two new virtual and augmented
reality applicationswith teachingmaterial about leg ulcer andChronicObstructive
Pulmonary Disease. We have conducted workshops and interviews with a total of
seven teachers at a caregiver program who have provided information about the
potential uses of virtual and augmented reality including their design ideas and
feedback on a prototype of the applications. This have contributed to insights into
how future solutions should be designed and how these may support teaching.
The results indicate that virtual and augmented reality can be useful for achieving
many different learning goals. It also indicates that it is not always an advantage
to use immersive virtual reality or augmented reality, but it is possible to achieve
at least similar results using a non-immersive version through mobile phones or
tablets.

Keywords: Virtual reality · Augmented reality · Learning · Caregivers · Health ·
Vocational training · Teaching

1 Introduction

Virtual reality (VR) is a technology that is beingusedmore frequently lately in connection
with education and training as it offers options for creating 3D spatial representations,
multisensory channels for user interaction, immersion of the user and intuitive interaction
through natural manipulations in real time [11]. One of the areas where VR has been
used is in vocational training and often related to medicine and healthcare applications
[8]. For example, to train surgeons [3], in nurse education [5], medical professionals [6]
or for health care training [7]. It has also been used in rehabilitation therapy and training
[4] and has been deemed effective for both mental- and physical therapy [10].

At the Danish Vocational Education and Training Colleges (VET), VR has been
introduced to support teaching at the professional caregiver education. VR applications
such as Sharecare VR [2] is used in anatomy courses to visualize the different parts of the
body and other VR applications are used to introduce students to assistive technologies
or simulate symptoms of dementia [9].
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Many of the students at the VET colleges have reading difficulties, dyslexia,
attention-deficit/hyperactivity disorder (ADHD) and similar conditions. They have trou-
ble with learning and keeping focus from traditional teaching methods such as lectures
and textbooks. However, the introduction of VR has had a positive effect on the students
learning outcome, which in turn have led to a desire to develop additional solutions to
support teaching. Thus, plans have been made to develop two new applications targeting
leg ulcers and Chronic Obstructive Pulmonary Disease (COPD). It is planned to develop
both a VR version and an Augmented Reality (AR) version of the applications.

The difference between VR and AR is defined by Azuma (1997) who describe AR
as a variation of VR where the difference is that “Virtual environment technologies
completely immerse a user inside a synthetic environment.

While immersed, the user cannot see the real world around him. In contrast, AR
allows the user to see the real world, with virtual objects superimposed upon or
composited with the real world. Therefore, AR supplements reality, rather than
completely replacing it [1].

One of the reasons for also designing an AR option is the option of using the application
while still being able to participate in group work or other class-related activities. If a
student is immersed in VR the student will not be able to see and interact with other
group members or follow class-related activities.

In this study we hosted workshops and interviews with teachers at VET colleges
around Denmark. Based on the input from the teachers we look at the opportunities and
perspectives for VR-supported teaching at the caregiver education. More specifically,
the study focus on what kind of learning goals VR can support, how these are supported
and how future solutions should be designed.

2 VR and Learning

First-order experiences, with direct non-symbolic interaction, size, transduction, reifica-
tion, autonomy, and presence are according to [1] what contributes to positive learning
outcomes in VR. The sense of presence is defined by [13] as “The sense of being there”
which enhances a user’ first-hand experience where the user interacts directly with the
world [11]. Transduction, size and reification are terms used to describe how raw data
from theworld is transformed into informationwecan interactwith or experience through
our senses e.g. enabling a user to interact with tissue or moving around inside a human
body [12]. VR can support training in safe environments and increase learner’s moti-
vation [8]. It can promote active participation, high interactivity and individualization
[14].

Some users do, however, have greater benefit from VR than others because the
individual traits and characteristics influence the experience of the users in VR [20]. Not
all users enjoy VR [15]. Some feels unsafe entering the virtual world and others suffer
from cyber sickness.
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A distinction can be made between VR/AR presenting a 3D world through a screen
and a fully immersive experience presented through either a head mounted display
(HMD) or a CAVE environment [16] where the virtual environment surrounds a person
providing a fully immersive experience. The first is referred to as non-immersive VR/AR
or desktop VR/AR and the latter as immersive VR/AR [8]. Results from [17] show that
users are more engaged when using HMD compared to non-immersive alternatives and
that they take it more seriously, e.g. approaching dangerous situations with more care
[18]. Furthermore, users report being more present in immersive VR which is important
for the learning process and make them spend more time in the training environment
[12].

VR can be used for different types of skill acquisition both cognitive, psychomotor
and affective skills [15]. In a literature review, [15] it was found that VR using HMD
was better for learning visual and spatial information than alternative options. This could
for instance be spatial information and visual information about the organs. However, it
was found that non-HMD options were better for remembering facts such as names.

While not much evidence exist, studies indicated that HMD-based VR is superior
when it comes to learning affective skills - as they: “are related to interpersonal skills,
and here the ability of the technology to create a believable simulation of a virtual human
or social situation is crucial” [15].

For psychomotor skills it was not important how the VRwas presented. The learning
outcome where closer related to the perceived realism and the quality of the kinesthetic
input and haptic output provided through e.g. a joypad and how it fits with bodily
movements [15].

3 The VR/AR Prototypes

A prototype has been created of the solution based on initial feedback from teachers
and coordinators at the VET colleges. The prototype has been built as a VR solution
for different versions of Oculus glasses and an AR version for Microsoft HoloLens. For
the HoloLens version it is possible to interact using finger gestures, e.g. press a virtual
button with a finger. For the VR version a joypad is used.

The prototype supports interaction and visualization of the different parts of the body
with a special focus on the organs. The prototype provides basic information about the
different parts of the body such as, names and information about how they function.
Different options exist for interacting with different body parts. For instance, simulate
different types of illness, turn the 3Dmodel around or divide the body parts into different
layers. In Fig. 1, the main menu is presented where one can select different parts of the
body for further interactions and visualizations. Once an item is selected in the menu a
3D model of the item is presented. In Fig. 2, the lungs have been selected and a screen
with a 3D model of the lungs is presented along with an information box. The user can
turn the 3Dmodel and select different stages of COPD. The user can also select different
layers of the lungs (Fig. 3). Figure 4 shows a leg ulcer with an option to simulate different
stages of the illness.
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Fig. 1. Themainmenu of the AR/VR application where you can select different bodyparts/organs
for further interactions.

Fig. 2. 3D model of the lungs, a box with information about the lungs and buttons to select
different stages of COPD and options for changing the layers this view is layer 1.
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Fig. 3. 3D model of the lung with layer 3 selected where the bronchial and alveoli are visual.

Fig. 4. A model of a leg ulcer where one can change the severity of the leg ulcer by pulling the
lever.

4 Method

It was originally planned to carry out a workshop with two groups of four teachers
from the caregiver education. However, due to changed restrictions with Covid19 which
occurred in the middle of the course, it instead became a workshop with three teachers
and four single interviews with teachers. In total seven teachers participated in the study.
The interviews were held online using Microsoft Teams. The teachers were all females
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and educated nurses. They all taught in somatic illness, anatomy and pharmacology and
had between 1–12 years teaching experience.

The workshop consisted of a group interviewwith questions regarding their teaching
experiences, knowledge of VR/AR, how they currently taught classes about COPD and
leg ulcers, and how they consideredVR/AR to be used to support their teaching activities.
They were also asked to draw and explain their best idea for a VR/AR solution that
could be used to support their teaching. Finally, they were introduced to the prototype
of the new applications and given a chance to comment on the content, design and
options for interaction. The prototypes were introduced in the end to ensure an open-
minded approach where they could come up with new ideas that were not affected by
the knowledge of the prototypes.

The single interviews followed the same procedure as the workshop, except that
they did not get the option of drawing the solution. Instead of experiencing the prototype
first-hand they were instead presented with a video of the prototype.

The workshop was recorded with a camera and the online interviews recorded using
the video-recording option in Teams. The workshop and the interviews were transcribed
verbatim and analyzed with a thematized approach [19] resulting in three themes: 1)
Students and motivation, 2) Learning activities and goals, and 3) The teacher’s role. The
themes are further elaborated in the below section. In addition, the teachers’ feedback
to the prototypes is presented as well as the solutions suggested by the teachers who
participated in the workshop.

5 Findings

The teachers were all interested in using VR and AR to support their teaching. While
some of the teachers had no prior experience with VR and only a few had been using
it for teaching, they often introduce and use new technology as part of their teaching.
They were therefore open towards using VR as part of the teaching.

5.1 Students and Motivation

In general, teachers noted that there was a need for alternatives to regular classroom
teaching, as many of their students were challenged in terms of concentrating and under-
standing the material from textbooks. One of the teachers already had good experiences
with VR and explained the following:

I have experienced students who are scared of technology who distance themselves
from it, but I have experienced more students who are turned on academically. I
support a curios behavior that makes them achieve a greater learning benefit than
previous students have done in my teaching when I have run traditional class- and
group work.

While the teachers see a positive effect onmost students, there are still somewho findVR
transgressive or experience cyber sickness. They also emphasize that it is not the same
approach that works with all students. This is in line with the findings in the existing
literature [15, 19]. VR should, therefore, not be a standalone option to teaching, but be



54 A. Kalsgaard Møller and E. Brooks

used as a supplement and be used in specific situations for specific learning goals. This
way the different teachers can meet the different traits and characteristics of the students
and use VR for students that are motivated to learn from VR as suggested in [19].

5.2 Learning Activities and Goals

One of the situations where the teachers see a potential in VR is for their simulation
of diseases. Currently, they use video and pictures or use roleplays where the students
or teachers act in the role of an ill citizen. In these situations, they lack a tool to show
different diseases and the condition of the citizen which can be used to learn students
how to provide the correct care and treatment. There is a general need to be able to
visualize different parts of the body both the healthy body and when suffering from a
specific disease.

The students often work with case-studies where the teachers present a case about
an ill person, but the teachers are lacking visualization tools to support the story. It
is easy to read vital signs, measure the weight of a citizen but they must also be able
to make observations about the condition of a citizen and make conclusions about a
potential treatment in their professional job. It is, however, hard to create realistic and
meaningful learning activities that facilitate this type of learning. As expressed by one
of the teachers:

We document and measure, but it is important that they can also make observations
– see, feel, listen and touch. That is something they should practice more… How
is the breathing? it is not just about numbers.

They also talk about being able to have a more holistic understanding of specific condi-
tions and how it affects the citizens e.g. what happens to citizens when they only have
40% lung capacity left due to COPD or what does a person look like with low body mass
index (BMI).

Furthermore, the teachers underline the importance of including the affective part of
learning, i.e. about understanding what a citizen with COPD goes through, so the student
can react in an appropriate way. One of the teachers mention the mental and emotional
part this way:

The psychological part in connection with having COPD is important and if you
can connect that process, with what he looks like, what does he say... If you could
get the emotional part involved, it would make really good sense.

Today, the teachers use videos, along other tools such as a COPD simulation suit or
exercises where the students experience reduced lung capacity by breathing through a
straw. However, the teachers suggested a VR scenario where sound and the visuals of
a citizen with COPD are combined, where the citizen’s condition is either improved or
worsened by the student’s actions. The teachers want a safe environment where students
can test different things without fearing the consequences.
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5.3 The Teacher’s Role

Teachers see themselves as facilitators who must support the students in their learning
activities. As the teachers identify poor reflective skills in the students, they often have
to assist them with asking questions that facilitate discussions about the new content and
how it relates to their future role as caregivers.

Several of the students have difficulty relating to things like science and at times
almost experience learning blockages. Teachers therefore feel that they must think alter-
natively and creatively when they convey part of the curriculum. This is elaborated in
the following quote:

Some students have some unfortunate experiences from their primary school. If I
start talking about the periodic table, then I lose half of the students. It is better
to start with a different approach and slowly work around it. I often hear from
the students that they prefer science when taught at the caregiver education. It
is not because I lower the requirements, but because I convey it with a health
professional angle.

Instead of learning about physics and chemistry by talking about, for example, formulas,
the teachers can show how the different physical and chemical reactions take place in
the body using VR and thus students gain an understanding of it. This is what is referred
to as non-symbolic interaction by [11]. Instead of learning an abstract symbolic system
such as math to explain a chemical process the processes can instead be visualized using
VR making it more accessible for the students at the VET colleges.

5.4 Feedback to Existing Prototypes

Overall, the teachers believe that the new solutions should motivate students to learn
about the body’s anatomy and different conditions from the newly developed prototypes.
Many students have a hard time imagining how the different parts of the organs are
connected from looking at a picture, as one cannot split the different layers and see what
it looks like as with the 3D model in VR.

However, the teachers are not entirely satisfied with the level of detail on the models
and the information that comes with it. It might be enough for students who had just
started the education, but students later in the education will miss details about e.g.
COPD. In the later stage of the education the students need to be able to recognize
symptoms through observations and subsequently choose the right care approach and
the visualizations in VR did not provide enough details to do so.

In addition, the teachers find that the text boxes contain too much text, and it appear
as a wall of text, where the students typically want it to be divided in smaller pieces
of information. Instead, they suggest that the students receive information continuously
when they interact with the models. In general, they want the students to be more active
when using the application.

For the three teachers who participated in the workshop and could try the prototype
themselves, they quickly learned how to interact with the models and understood quite
quickly how to use gestures and move around the menus.
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Several of the teachers suggest having an AR version for phone or tablet that can be
used for preparation or reflection before and after teaching, as part of their homework.
It was also suggested that sound be used for, for example, to support the simulation of
COPD, in which case one would be able to hear the breathing.

5.5 Solutions

Each of the participants in the workshop were asked to draw and describe their ideas to
a solution on a piece of paper. Subsequently, they were asked to explain what they had
drawn and their idea or concept. The three drawings are shown in Fig. 5, 6 and 7. All
teachers chose to present a solution around a case description of a person with an illness.
The solutions provided an opportunity to see a holistic picture of the citizen of how the
disease affects the person. In all cases, emphasis was placed on the student being able to
make choices or actions, which they would then receive feedback on through the system.
If theymade the right decision, theywould e.g. see that the citizen got better. The solution
should also include options for varying the level of difficulty. For the teacher with the
drawing presented in Fig. 5, the starting point was a citizen with COPD. The student
would see an avatar of the citizen indicating how he/she was affected by the disease
along with vital sign information and a 3D model of the lungs. This to give a holistic
view on how the disease affects the citizen and provides opportunities for the students
to combine their knowledge from different courses such as anatomy, pharmacology and
somatic illness.

Figure 6 represent a solution where three students are active. One in the role of a
citizen, one as a caregiver and one as an observer. The student acting in the role of the
citizen has been instructed in the role enabling him or her to answer questions about
their wellbeing. Using AR technology, the student would look like an ill citizen when
looking through the AR glasses. Thereby AR add a visual dimension to the roleplay
that are typically used as part of the teaching to represent a job situation as professional
caregiver.

Fig. 5. Solution from the workshop. The student with an avatar of a citizen with COPD. The
students can see how the disease effect the avatar, vital signs and an overview of the lungs.
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The last solution is in Fig. 7. Again, the student interacts with an avatar of an ill
citizen. Based on the interaction with the citizen the student must decide on an action
through a multiple-choice menu and again receive immediate feedback on their action.

At some point the actions can lead to the student having a look at the lungs, including
aggravations or improvements of the condition, based on the actions or based on the stage
of the disease. Furthermore, it was suggested to create two versions of the application one
that the students could use with VR glasses and one phone-based solution the students
could use to practice at home.

Fig. 6. Solution from the workshop. VR/AR solution that support the student in a roleplay where
one student act as the citizen, one as the caregiver and one as observer.

Fig. 7. Solution from theworkshop.Again, the students interact with an avatar of a citizen through
a multiple-choice menu.
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6 Discussion

Several learning goals have been suggested by the teachers where they see a potential for
using AR and VR solutions to support the teaching both for cognitive and affective skill
training. The overarching learning goal for the students is to be able to observe a citizen’s
condition and decide on the care or treatment. This encompasses several sub-learning
goals. First the students need to know the names of the different body parts and how they
function. This include both the healthy body and how a disease progresses and affect
the body. Then they must be able to recognize a disease. Understand how they treat
and prevent disease, and how diseases affect the citizen both mentally and physically.
Finally, the students need to be able to reflect upon these observations and decide on a
set of actions to provide the necessary care for the citizen.

The teachers had different suggestions for how VR/AR could be used to support
these goals. Firstly, VR/AR can help motive the students to learn by providing the
content in a different way, as traditional classroom teaching often works poorly and
can lead to learning barriers for many of the students. VR/AR provide options for 3D
visualizations that can help students understand the body – how it functions and how
diseases progresses. It can be used for homework and repetition training if implemented
on a mobile or tablet. It can be used to provide a safe environment for the students to
train real life scenarios with interactions and treatment of citizens.

When designing the VR/AR solutions of the future these learning goals should be
considered. At the same time, it must be possible to adapt the content and level to the
individual student depending on where he/she is in the educational process. It is also
important that there is a progression in the solution, so that the degree of difficulty is
continuously increased, so the students does not experience the same each time they
interact with the system. Teachers put great emphasis on the importance of immediate
feedback to guide the students and help them reflect on their experiences in VR/AR and
how this could be used in a real-life scenario.

Interestingly the teachers suggested using non-immersive versions of the solution for
specific learning goals. This indicates that immersive VR/AR is not always a better solu-
tion than non-immersive VR/AR but is highly dependent on the learning goal. Based on
the teachers’ recommendations and the existing literature on Immersive/non-immersive
VR/AR. It seems like immersive VR/AR is more suited for situations that involve both
affective and cognitive learning - where the user e.g. needs to understand how symptoms
affect a citizen both physical and mentally. Immersive VR/AR is better for simulating
social interactions [15], the students feel more engaged with the task [17] and they take
the condition of the citizen more seriously [18]. Likewise, immersive VR/AR is recom-
mended for learning how the body works considering the spatial and visual information.
Non-immersive VR/AR versions displayed on a screen, mobile or tablet could, on the
other hand, be used when only cognitive skills is involved such as learning or remem-
bering the names of the organs or factual knowledge about diseases. This would enable
students to use it for preparation and rehearsal as part of their homework.

This hypothesis is based on the assumptions and experiences of the teachers working
with the students. Further research including the actual teaching situation in VR and AR
– immersive and non-immersive is however, needed. Furthermore, this study did not
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include the students. Including students in the research would be a next step to study if
they achieve the learning outcome that teachers expect.

The research design has been altered due to Covid19. Ideally the initial prototypes
should have been designed after gaining the initial feedback from the teachers but instead
we choose to use it as a generative tool as part of the interview and workshop.

Due to the limitations of doing the online interview we gained limited feedback
in terms of design ideas to the new solution from the teachers who participated in the
interview compared to the teachers who participated in the workshop.

7 Conclusion

This study has identified several learning goals that can be supported by VR or AR both
cognitive and affective learning goals. The study indicated that the specific learning goals
should be considered before deciding on what type of virtual technology and application
should be used when designing teaching material for the professional caregiver educa-
tion. It is important that the solutions offer options for immediate feedback and that the
content and difficulty level can be altered to match the educational goals of the student
and provide the student with new experiences.
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Abstract. In recent years, several projects that take advantage of Artificial Intel-
ligence as a design tool have arisen. However, most designers lack the technical
knowledge necessary to profit from Artificial Intelligence in their design process
fully. Through the development of GANSta, a tool with a graphical user inter-
face that facilities the design and training of Generative Adversarial Networks.
And the use and application of such a tool in different stages of the design pro-
cess. By engaging in both iconographic branding element design and typographic
font design projects. Participants of the Gesign lab initiative of Chiba Univer-
sity’s System Planning Laboratory, explore the current and future opportunities
that Generative Adversarial Networks present for their particular design process.
Proving that previous knowledge in programming or machine learning is not nec-
essary for designers to take advantage of the benefits that this technology presents
from a generative design perspective.

Keywords: Generative adversarial networks · Generative design · Design tools

1 Introduction

Technology has always played a relevant role in the development of design, both at an
academic and production level. In recent times, projects likeDeepwear [1],which utilizes
generative adversarial networks (GANs) to generate images of clothes that a designer can
use as the basis for constructing clothing patterns, and the ChAIr Project [2], which uses
a similar approach to generate chair shapes that designers can reinterpret and build, have
taken advantage of artificial intelligence as a tool within the design process. Researchers
such as Kevin German et al. [3] have also proved that AI, particularly GANs, can be
used by designers in different stages of the design process.

However, most designers lack the technical skills or knowledge to fully understand
the technology behind these projects, often perceiving it as magic [4]. These knowledge
and skill gaps represent a relevant barrier that prevents designers, both professionals
and those in training, from fully exploiting the potential of these types of AI tools. For
that reason, Hughes states that developing design skills and knowledge of transforming
technologies is integral for young people to not only understand but also design the
future world [4].
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In addition, the lack of academic programs and activities that incorporate AI and
machine learning technology into the design process has created a need for new learning
approaches as well as the development of tools that facilitate the learning and application
of AI-based approaches to design.

Thus, within the System Planning Laboratory of the Design Department of Chiba
University, the Gesign Lab initiative emerged, involving a small team of academics and
students who, through work sessions and small research project workshops, sought to
design and develop methods and tools that enabled the use and learning of artificial
intelligence concepts, particularly in relation to different design disciplines.

The following research outlines the process and results of the first stage of the
project, which ended with the development of GAN Station (GANSta) [5], an internal
tool that assists in the design and training of GANs in a graphical environment. This tool
resulted from the process of developing two projects, the first focused on the design and
generation of logo based graphical symbols through the use of generative adversarial
networks, and a second focused on the design of a font character set based on the same
approach.

2 Methodology

Project participants were divided into three groups based on their skills and interests: one
team focused on tool design and development, and two teams focused on developing
projects based on the resulting tools. The latter two teams selected different design
outputs based on the personal interests of the participants, similar to a passion-based
learning approach [6].

For the development of both projects, different GAN architectures, such as DCGAN
[7] and CycleGAN [8], were first explored. After the preliminary results were obtained,
StarGAN [9] was selected as the base for the three projects. This decision was made
after training a network with a small dataset of 100 black and white images from two
different domains, graphically evaluating the results of the interpolation between the
domains, and visually and verbally evaluating the results as positive and interesting.

Once StarGANwas selected, a Python-based tool with a text command interface was
developed to facilitate training and to test the models generated by the team members
who lacked programming skills. This tool took a database folder with a set of images as
an input and a simple training and test set of commands. With this first version of the
tool available, the teams proceeded to develop the logo based graphical symbol project
and the font character design project simultaneously.

2.1 GAN Based Logo Design Project

The objective of this project was to create a new brand logo based on Japanese family
crests or Kamons for a Japanese tea shop. Team members proposed using GANs in
order to help in the exploration and conceptualization processes and generated several
proposals through a series of automated additions, alterations, and combinations of ele-
ments, mixing different domains. This approach allowed the team members to generate
multiple proposals that, regardless of the selected domain or type of element, could
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be converted and synthesised to belong to the universe of the current Japanese family
crest. During the exploration process, two different experiments were undertaken with
different selections of datasets to assess the GAN’s creative power. The first exploration
process generated new graphic symbols mixing two domains so that the graphic symbol
could include elements from two different categories.

The main objective of this first experiment was to generate a new graphic symbol of
a teapot that included the characteristics of Japanese Kamons. The dataset was made of
200 black and white graphic symbols of 256 × 256 pixels that belonged to two differ-
ent domains: Japanese Kamons and Teapots. As stated before, a StarGAN model was
designed and used through the proposed command-based tool. This approach allowed
the users to generate images from multiple domains and translate or apply a certain
aspect or style from one image to another [10] (see Fig. 1).

In order to achieve this outcome, the team needed to train the generative model (G)
to translate an input image x to an output image y conditioned by the target domain.
In this first exploration, the total number of parameters for the generator was 8421120.
For the discrimination, the total number of parameters was 44786624. The dataset was
evaluated with Google Cloud’s Vision API, which is called Vision AI [11]. Using this
tool for image recognition, the team analysed how 100 images of Kamons and 100
images of teapots were labelled in comparison to the images generated by the proposed
model.

The results of the Kamon dataset image analysis were the following: 67% of
the images were labelled ‘Symbol’, 82% were labelled ‘Logo’, 29% were labelled
‘Emblem’, and only 5% were labelled ‘Crest’. In the case of the teapot dataset, none of
the images were labelled ‘Symbol’, 26% of the images were labelled ‘Logo’, 98% were
labelled ‘Teapot’, 67% were labelled ‘Illustration’, and 91% were labelled ‘Tableware’.

Finally, after training the discriminator and generator with the small dataset of 200
images, the trained model was tested. The evaluation of the results was performed by
a designer through visual inspection, and a set of 100 images were selected to evaluate
using Google’s Vision API. During the image analysis, 9% of the images were labelled
‘Symbol’, 25% were labelled ‘Logo’, 0% were labelled ‘Emblem’, 69% were labelled
‘Illustration’, 37% were labelled ‘Teapot’, and 27% were labelled ‘Tableware’. The
score of the results was lower on all the labels except for ‘Illustration’. Even though
the second most recognized label was ‘Teapot’, none of the images generated by the
proposed model were recognized as ‘Emblem’. However, despite the automated scores,
the designer conducted avisual reviewandconsidered someof the results to be interesting
visual proposals, concepts, and sketches for the creation of the logo.

For the second exploration, the main objective was to generate a new Kemon incor-
porating different pre-selected elements and to improve the quality of the images that
resulted from the training process. For this goal, a dataset comprised of 640 black and
white graphic symbols (256 × 256 pixels) belonging to 13 different domains was used
[12]. The Japanese Kamons were divided into 6 different domain sets due to their simi-
larities in shape and complexity. In addition, 7 domain sets were divided by their visual
elements, such as teapots, cups, cakes, trees, leaves, and houses. Those domains were
pre-selected by the team members due to their association with the brand personality
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Fig. 1. Samples of graphic symbols resulted from the first exploration.

and brand values. The same StarGAN model based on the command line tool was also
used, since it was possible to employ multi-domains while generating the images [14].

The GAN was trained using all of the symbols from the 13 domains, with the total
number of parameters for the generator amounting to 8452480 and the total number of
parameters for the discriminator amounting to 45114304. The evaluation process was
done in three stages to analyse the obtained images. For the first stage, the results were
evaluated by visual inspection, and 50 different samples were selected (see Fig. 2). Then,
for the second stage of evaluation, the results were analysed by the Google Cloud’s API,
which is called Vision AI [11]. When compared to the first exploration, the second
exploration showed a significant increase in label detection, with 32% of the images
labelled ‘Symbols’, 56% labelled ‘Logos’, 8% labelled ‘Emblems’, and 82% labelled
‘Illustrations’.

Fig. 2. Samples of graphic symbols resulted from the second exploration.
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When compared to the results obtained during the first exploration, a significant
increase in label detection can be observed. However, a third process was proposed
for the evaluation of the results. For this last evaluation phase, a Kamon recognition
model was generated to evaluate more accurately if the resulting images belonged to the
Kamon category. In this model, 100 images from the Kamon dataset were annotated in
the YOLO format and then used for the training of a customYOLOv5 object recognition
model with Kamon as a single category [13].

The resulting model, with a mAP@0.5 of 1.0, was then used to evaluate the 50
results previously selected. According to the results of the Kamon recognition model,
78% of the images were recognised as Kamons with an average confidence rate of
0.7533 over 1.0. This evaluation process contributed to validating whether the images
generated by the proposed model could be considered to be symbols, logos, or emblems
and specifically if they belonged to the category of Japanese family crests. However, a
qualitative evaluation of graphic symbols is also an essential and determining factor in
graphic identity design.

In conclusion, the selection of dataset images, the number of domains, and the quality
of those images have a direct impact on the quality of the results and are important factors
to take into consideration for possible future work. This approach showed that machine
learning (and specifically GANs) can be a tool for the branding design process and that
graphic design processes could benefit from using GANs to automate and improve their
results.

2.2 GAN Based Font Design Project

For the second project in the program, participants envisioned a tool capable of creating
a character set with one character as the input. This tool could help a type designer to
improve the font creation process by generating a whole character set after only the
first character is designed. Similar to the logo project, a Stargate that takes images and
manipulates them to fit certain characteristics of different domains, including emotional
features on the input image, was designed and used [9, 10, 14].

Using different domains made it possible to create a dimension for every character
in the set. Thus, it was possible to take the characteristics of the input and adapt the
shape of its different dimensions. To prepare the dataset, the team collected a set of font
files. For this project, a master folder of Google fonts was used [15]. The font files were
divided into different folders by their category and style.

Aiming for a legible and usable font as the final output of the project, the team
decided to only use sans serif fonts in regular style as part of the dataset in order to keep
it as simple as possible. All of the glyphs in the font dataset were extracted as PNGs
with a size of 256× 256 pixels [16]. The dataset was then loaded into the GAN, and the
training started. After 1,000,000 training iterations, the characters could be identified in
every line produced in a resulting image generated by the GAN. A total of 5,996,000
iterations were trained. Training took 26 days, 10 h, and 27 min until the team decided
to interrupt the process for a visual evaluation of the results. Figure 3 shows the results
of the 5,400th module.
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Fig. 3. Character samples of the 5,400th training module.

The input that was used to generate these characters was a basic round dot. Figure 4
shows the outputs from the same module with different input variations. The first one
shows the result of using a very basic shape, in this case a dot, and the second sheet
shows the characters that were generated with a minor äún‚ äù as the input.

Fig. 4. First output samples generated by the model.

One important finding from this project was that using simpler shapes as the input
generated visibly cleaner elements and using more complex shapes caused glitches that
resulted in less recognizable characters. For the evaluation, the teamcreated 12 characters
of differing complexity to test. The characters were three different versions of a dot, a
number one, an exclamation mark, and aminor n. After visual inspection, the team could
visually identify that the complexity of the input had a direct influence on the quality
of the generated results. The dots, the simplest elements used, had the highest quality
outputs.

As the final result, a set of 96 characters corresponding to the basic Roman numerals
and letters were generated as a set of PNG files that were then vectorised as a font file,
as shown in Fig. 5. Several noise adjustments and flaws, particularly in the baseline and
kerning, remained in the final font file as a result of the image generation and vectorising
processes. However, as a proof of concept, the team considered the project to be a
successful exploration.
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Fig. 5. Final 96 characters generated by the model.

2.3 GAN Station Project

Once the command-based tool was established as the base for the iconographic and typo-
graphic projects, the training and evaluation processes for the generated models needed
to be improved. To this end, using the code and instructions originally implemented in
the command-based tool as a base, a minimum viable prototype of a tool with a graphical
interface that would make the process easier and more accessible was developed.

Thus, the GAN Station project, GANSta, emerged, a name voted upon by the par-
ticipating team members at the time. A node-based interface was adopted due to the
familiarity of the team members with this type of interface in tools such as TouchDe-
signer [17] and Grasshopper [18], as well as for the ease with which these interfaces
presented their programming logic, specifically through the use of blocks, which could
facilitate the learning of the concepts behind the development of a GAN for future users
or participants who lacked prior knowledge on the subject (see Fig. 6).

In the development of GANSta, Anaconda [19] was used with Python 3.7 as the
environment, and PyQt [20] was used as the framework for interface building. GANSta’s
final design consisted of a user interface with the main window divided into a work area
and a side menu (see Fig. 7).

Within the work area, users can place, drag, and drop the nodes necessary for
the construction of their GAN from the left side window. These nodes consist of the
following:

• Dataset node. Its function is to select and verify the path in which the dataset to be
used for training is located. This dataset consists of a series of images divided into two
folders: one named ‘Training’ for the images to be used during the training process and
one named ‘Test’ for the images to be used during the test process. Inside the training
folder, the folders with the names for each category or domain to be considered must
contain their respective images. This node output connects to the Image node.
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Fig. 6. Student using the GANstation tool at System Planning Lab. Chiba University, Japan.

Fig. 7. GANstation user interface.

• Image node. Its function is to define the parameters, such as width and height, of the
types of images to be used during the training process and to allow the user to increase
those parameters during training so as to distort or randomly rotate the images to avoid
problems derived from the lack of variety in the dataset. This node output connects
with the GAN node.

• Mode node. Its function is to allow users to select whether they want to train the model
or test its results. This node output connects with the GAN node.

• GPU node. This node is optional. Its function is to allow users to select whether or
not they want to use GPUs for the training process. It also shows the number of GPUs
available on the user’s machine. This node output connects with the GAN node.
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• Batch node. Its function is to determine the number of batches and epochs needed for
the model training. This node output connects with the GAN node.

• GAN node. Its function is to determine the parameters of both the generator and the
discriminator, as well as to verify that all of the parameters of the previous nodes are
valid or correct. This node output connects with the Output and Action nodes.

• Output node. Its function is to define the path and format of the training results, as
well as to provide an internal window to show a preview of the results of the training
or testing processes. This node does not connect to the other nodes.

• Action node. Its function is to start the training and testing of the model based on the
option selected by the user, as well as to show the percentage of the process completed.
This node does not connect to the other nodes.

To use the tool, the user must prepare their respective image-based dataset, as indi-
cated in the dataset node description, and then design its GAN by dragging and dropping
the desired nodes into the action window and modifying the parameters of the node as
desired. Once the first version of the graphical tool was developed, it was tried and tested
by project team members using their existing approach and generated datasets, in order
to evaluate the necessary changes in the interface to facilitate its use. As a result of the
requests made by the project participants, some changes were made, resulting in a sec-
ond version of the graphical tool. Among these changes, the Output node was removed,
and the functions of both the Output and Action nodes were transferred to a second side
menu.

3 Discussions and Conclusion

Although there are other graphical-based tools for programming and interactingwith arti-
ficial intelligence models [21, 22], the main difference between GANSta and other tools
for the development of machine learning models radiates in the fact that GANSta was
developed based on the necessities identified during the development of two design-led
projects as an internal tool for designers. Seeking to facilitate not only the understanding
of the concepts behind the development and operation of the GAN but also facilitating
the learning experience, by allowing designers without previous knowledge of program-
ming or machine learning to develop and train their own GAN based models through
interactive exploration. Encouraging incorporating the designed tool within their design
process.

By designing new artificial intelligence tools to generate iconographic elements and
typographic characters for logos and by providing a prepared environment with the
necessary instructions to design and train generative adversarial networks (GANs), the
participants in the Gesign Lab initiative have proved that both professional designers
and design students without prior knowledge of programming or artificial intelligence
can identify uses and applications for these tools both in the design process and in the
execution of final pieces. However, there are still many limitations beyond the technical
requirements of this type of AI tool that may hinder its widespread adoption, such as
the cost of the computer equipment, the number of graphic processing units required to
execute the training process of the GANs, and the time that the training process takes.
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This lengthy processmaymake a tool such as the one developed for this studyunattractive
for activities that go beyond experiments or explorations of how design processes could
change in the near future. Nevertheless, the fact that designers such as the participants
in the Gesign Lab initiative could successfully develop this type of tool shows that it is
only a matter of time until artificial intelligence is employed more widely in the design
process.
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Abstract. To dress adequately may be a necessary condition in social interaction.
The way we dress may have an impact in the way people see us. Recognizing and
matching clothes in order to dress properly can be a hard and daily stressful task
for blind people. How do they recognize and identify the garments attributes to
perform an outfit without help? In order to overcome this stressful situation, we
present a project to help blind people in the identification and selection of garments.

Keywords: Convolutional neural networks · Blind people · Clothing recognition

1 Introduction

More and more, aesthetics is present in our lives. The way we dress may have a large
impact on our daily lives and may be critical to our well-being.

In fact, our appearance has an impact in the way people see us and the perception
they create of us can have a huge influence on the workplace. Some particular events
imply dress code and special dedication is devoted to select and combine garments,
taking care of all the details from the colours, to the textures, fabrics, accessories, shoes,
and scarves. The way we dress is sometimes considered as a business card. This task
may be particularly difficult for visually impaired persons, especially if they do it by
themselves.

Blind people are dependent on relatives (family, friends) to buy clothes, to detect dirt
or to choose the colour of the clothes they want to wear. These are not difficult tasks for
those who see, but for those who have little or no vision they become extremely difficult.

For blind people recognizing and choosing an outfit, in order to dress properly, can
be a difficult and daily stressful task. Following the previous work [1, 2], this paper is
focused in the attempt to recognizing the attributes of the garments to perform later an
automatic combination clothing system for blind people.

As mentioned in [2], extracting the clothes features is essential to achieve the goal
of automatic combinations. In this sense, in this paper we present the starting point of
extracting and classifying the clothing type from an image.
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This paper in divided in five sections. Section 2 describes the related work; in Sect. 3
we present the project overview; Sect. 4 explains the methodology, Sect. 5 describes the
experiments and finally, Sect. 6 concludes with the final remarks.

2 Related Work

Some fashion apps have been developed as STYLEBOOK, an application to manage the
clothes, create outfits, and plan what to wear [3]. ShopStyle [4] allows to plan purchases
based on the user’s favourite stores, searching items across the web. Another application
is Tailor [5] that is a closet that learns the user’s preferences and choices and suggests
the combinations to wear.

Electronic devices such as Colorino has come to fill the difficulties of the blind in the
distinction of colours for the most varied tasks, since it helps in the choice of clothes3,
the washing procedure and the colour combination [6]. Another device is the ColorTest
2000, which is a device similar to Colorino that identifies colours and reads the date and
time and detects if a light is switched on or off [7].

Yamaguchi et al. [8, 9] propose an approach to clothe analysis. The analysis approach
consists in retrieving similar images from a predefined database. The proposed clothing
analysis solution is able to classify 53 different categories of fashion photo clothes. The
method is able to separate segments in each piece of clothing.

Wazarkar and Keshavamurthy in [10] propose the classification of fashion images,
incorporating the concepts of linear convolution and corresponding points using local
characteristics. Another study proposes a system for the recognition of patterns in clothes
and the dominant colour in each image. The system is a finger-based camera that allows
users to query clothing colours and patterns by touch [14].

Yang and Yu [11] propose a real-time clothing recognition method in surveillance
settings recognizing eight clothing categories using Histogram of Gradients (HOG) with
linear Support Vector Machine (SVM) classifiers.

Yuan, Tian, and Arditi [12] developed a prototype based on computer vision to
combine a pair of images of two clothes for pattern and colour. The proposed method for
pattern detection achieved 85% accuracy, being robust for clothes with complex texture
patterns, various colours and variations in rotation and lighting. For pattern matching,
the main errors occurred with images with very similar texture patterns. Regarding
colour matching in 100 pairs of images, only one pair did not match correctly due
to background distraction. In order to deal with complex texture patterns and lighting
changes, they combined techniques using Radon transform, wavelet features, and co-
occurrencematrix for patternmatching. The results of the assessment of clothing datasets
demonstrate that the method is robust and accurate for clothing with complex patterns
and various colours. The corresponding outputs are provided to the user in audio.

Yang, Yuan, and Tian [13] proposes a system for recognizing clothing patterns.
This system can identify 11 colours of clothing and recognize 4 categories of clothing
patterns. A prototype was developed, based on a camera incorporated in the glasses, a
microphone, a computer, and a Bluetooth headset for describing clothing patterns and
colours.
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The deep learning models dedicated to fashion models prove the importance of neu-
ronal networks in this area. As examples of these works, it is important to refer [14,
15] where the fashion network is based on the VGG-16 architecture. Simonyan and
Zisserman [16] introduced a VGG network where they evaluated very deep convolu-
tional neuronal networks for large scale image classification concluding that the depth
is beneficial for classification accuracy.

In [17] it is presented a prototype system of clothes detection and classification based
on convolutional neural networks. They exceeding F-Score of 0.9 in clothes detection
accuracy for five major clothes types.

The work in [18] proposes a method to detect fashion items in a given image using
deep convolutional neural networks, achieving 86,7% the average in recall.

Although there are already some studies dedicated to fashion models, there is not
yet a solution focused in the development of an automatic system for combining and
identifying the garments for blind people.

Considering the research previously carried out, there are tools to directly or indi-
rectly identify colours, patterns, garments but there is not yet available an automatic
system for combining and identifying clothing items for the blind. There is where this
project stands. The objective is to develop a physical prototype capable of storing gar-
ments that identifies the clothes and their wear, dirt, colours and patterns, having the
ability to independently suggest clothing combinations to the user.

3 Project Overview

This project follows the work previously carried out, where a combination clothing
system for the blind people was created, based on NFC technology (Near Field Commu-
nication), placing an identification tag on the garment.With the help of aweb application,
the blind was able to identify the characteristics of the clothes by reading the label, in
addition to managing his/her clothes and combinations[19–21].

The aim now is to introduce artificial intelligence algorithms to suggest combina-
tions and extract characteristics from garments. In order to address this issue of the
combination of clothing for the blind people, the development of an autonomous system
with artificial intelligence is the basis for the solution to this problem.

As there is still no support system for the blind people, developing a mechatronic
prototype system with artificial intelligence will help providing independence and con-
sequent well-being in the identification and combination of clothes, contributing to fill
the gap of a technological lack in terms of aesthetics and image of a blind person.

The objective of this work is to develop a prototype that recognizes and takes into
account the following elementary requisites:

• Type of clothes;
• The season of the year and weather;
• Suggesting combinations of clothing pieces;
• Identification of the clothe pattern;
• Presence of stains;
• Modifications in the state of the garment.
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In pursuit of the objectives, the research question of the overall project arises:

• How can a mechatronic device with artificial intelligence make the inspection,
identification, combination and management of clothing for a blind person?

It is worth mention that this work has the collaboration of the Association of the
Blind and Amblyopes of Portugal (ACAPO). The main objective of the partnership is
to design, enhance and validate all the work that is being developed.

4 Methodology

The literature review allowed to identify the research opportunity, as the existing
technologies and investigations are few and limited.

In order to achieve the proposed objectives, a deductive approach is made, formu-
lating hypotheses based on a critical analysis of the literature review, since it is based
on scientific principles.

The research strategy adopted, the action research is in accordance with the research
question and the final objective, in which a prototype must be reached, Fig. 1.

Fig. 1. Action research cycle.

Given that it is intended to develop a technology with practical application in the
real context, this strategy is supported by active research, with the participation and
collaboration of the target audience.

The process of completing the prototype includes at least two iterations,meaning that
two cycles from the beginning to the end are needed to obtain significant improvements.
It means each time a cycle is repeated the set of improvements introduced, in order to
obtaining the objectives initially stated, tends to stabilize. Qualitative and quantitative
data are used to assess the usability and performance of the prototype.
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In the development of the tool for image acquisition at an early stage, amobile device
will be used due to accessibility and usability.

The output from an artificial intelligence algorithm will feed the entire system in
order to create a database. To obtain the combinations we need to characterize and
recognize the characteristics of the garments, as well as, to have a description of the
garments contained in the wardrobe. The latter is considered important for the user.

The entire process from acquiring an image to obtaining a combination is illustrated
in Fig. 2.

Fig. 2. Workflow for extracting the clothing attributes and recommendation.

The image of the clothing can be obtained through a photograph or an online store,
where it is processed through Convolutional Neural network (CNN) to classify and
extract the characteristics of the garment. Subsequently, its characteristics will be saved
in the database to be used during the combination task. This database represents the
virtual wardrobe of the blind user.

The high-level steps associated to the clothing combination are described as:

• Clothing Detection: recognize/segment the garment contained in the photography and
assign it to the categories upper, lower, shoes or accessories.

• Clothing Image Feature Extraction: extract features/attributes of the garment as: type,
season, pattern.

• Recommendation: suggest a combination for a garment, fulfil an incomplete outfit
and suggest a complete outfit.

Neural networks will be used for clothing classification and combination. For the
extraction of characteristics, CNNs will be used due to the good results demonstrated in
the state of the art.

During a process of combinations, the algorithm will learn the user’s preferences
based in its frequency of use.
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As the target group is blind people and in order to provide good usability practice,
a friendly interface will be created, providing mechanisms to assure the proper acces-
sibility by smartphone or tactile screen. A database will be designed to record all data
processed and acquired, including the results of statistical analysis. The software will
be designed with multiplatform compatibility, in the sense of being later integrated into
several operating systems.

Later, amechatronic systemwith roboticswill be designed in order to integrate all the
developed software. This system will make the entire process of choosing, identifying
and selecting garments autonomously.

Finally, test trials are essential to assess the proper functioning of the system. Several
tests will be considered involving a sufficient number of blind people, as well as worst-
case scenarios to test the robustness of the algorithms for real time image processing
and data acquisition. This task must act in an iterative approach with the other tasks, in
order to allow the optimization of the system, since the collection of quantitative data
will be essential until obtaining the final version.

5 Experiments

In this work we decided to build a dataset in order to identify how its construction can
influence the results.

The dataset was based on images collected from the internet and distributed in 7
categories, according to the Table 1. In online shops and e-commerce stores the photos
have a white background with only one item of garment by each photo, that is exactly
the opposite of the pictures in our dataset where most of them have a background and
more that one part of the body.

Table 1. Dataset description

Category Number of samples

Ankle boot 105

Bag 105

Coat 105

Pullover 105

Sneaker 105

T-Shirt 105

Trouser 105
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In order to achieve good results, it is essential to take into consideration image
processing before introducing the images in neuronal networks. However, we try to
approximate our dataset to possible real-life cases that could occur with the user taking
a photo of his/her clothe. In addition, image processing requests more resources and
time.

Based in the success of the works mentioned in the state of the art we adopted
in our approach the convolutional neuronal networks for feature extracting and image
classification.

In order to evaluate the data and starting sketch our algorithmwe choose two types of
CNN applied in ImageNet Large Scale Visual Recognition Challenge [22]. The goal of
ImageNet is object detection and image classification where an input image is classified
in one of the 1,000 categories.

In this context, we have implemented the VGG16 from scratch in Keras due to
building simplicity using 3× 3 convolution layers with a softamx classifier after the fully
connected layers as show in Fig. 3.VGG means Visual Geometry Group at University
of Oxford and the number “16” represents the weight layers in the network.

Fig. 3. ConvNet configurations [16]

The dataset was split in 80% for training and 20% for testing.
The model achieved 80% accuracy in the training set and 66% in the testing set.
Figure 4 shows the behaviour relative to the accuracy and loss during the training

and testing process. The graph shows that the best accuracy was achieved with 30 epocs,
while obtaining the lowest loss value in the model.
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Fig. 4. Loss and accuracy of VGG16 model (training process in blue and testing process in
orange).

After the training and validation phases, some images were submitted to the model
for classification. Examples of classification can be verified in Fig. 5. Although in Fig. 5
are shown good classification scores, it was also observed some misclassification in
particular, in garments with similar shapes.

A recent Google study shows that training from fine tuning is better than training
form scratch since it is required less cost in terms of data and time to training [23]. In this
sense, a ResNet50 [24] pretrained ImageNet weights was used. It was replaced the top
of original architecture, the fully-connected layers and softmax classifier by new ones in
order to learn the new classes. In this way only a head part of the network is re-trained.
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Fig. 5. Example of garment classification.

The fine-tuning of ResNet50 was trained under Google Colab that is a free cloud ser-
vice hosted by Google. The major advantage of this notebook is that it provides a free
GPU [25].

The results obtained with this fine-tuning training are approximated to the previous
network where 63% accuracy in training set and 71% in accuracy test set were achieved.
Figure 6 shows the behaviour relative to the accuracy and loss during the training and
testing process in ResNet50. It is possible to observe that during the build of the model,
accuracy and loss in test set have achieved a better result than in the training set.

Comparing the graphs of the training and validation accuracy and loss from both
configurations, it is possible to see that the ResNet50 needs more epochs to achieve
the same accuracy, Fig. 6. Note that in the VGG16 with 30 epochs it is achieved the
best performance possible. Otherwise the last one needs 60 epochs to achieve the same
results.
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Fig. 6. Accuracy and loss in ResNet50 (training process in blue and testing process in orange).

6 Final Remarks

It is recognized that the aesthetics of clothing is an important issue in human lives.
Blind people may face additional problems in accomplishing this issue, namely in

identifying and combining clothing. Some are helped by family or friends, others need a
pronounced organizational capacity. This system proposes a new concept to significantly
improve the daily life of blind people, allowing the blind to identify and combine clothing
pieces.

During this paper we have explored two different convolutional neuronal networks
being one of them implemented from scratch and the other one through fine-tuning.

The amount of data on each category is not enough to reach good results. The deep
learning is adequate for big amount of data, meaning that it is necessary to gather more
data in order to improve the results.
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The results obtained by using a simple network designed from scratch and with a
fine-tuning network were similar. Moreover, to process the fine tuning in ResNet50 has
higher computational and time costs.

In the future, we will experiment large datasets, extracting and identifying new
attributes. Some additional image processing, like remove background and body parts
will be performed in order to improve the results.

Finally, we intend to implement our algorithm on a web platform or mobile device,
in order to start testing interactivity with blind users. After that, the smart wardrobe will
also be built to incorporate all the developed algorithms.
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Abstract. People currently exist mainly indoors, detached from their natural sur-
roundings. During times of rapid growth, globalization and digitalization, it has
never been more important to investigate how to reconnect to our natural envi-
ronment. In this paper we develop a design to investigate how a lighting design
concept can act as a tool to understand the geometry of sunlight on Earth and
thereby meet human needs to be in touch with the environment. A design is devel-
oped by redefining an ancient analogue technology, the sundial. The path of the
Sun is translated into a design concept and is demonstrated in a three dimensional
time and sight specific prototype. This design concept creates embodied experi-
ences where viewers interact with their ever-changing daylight and surroundings.
The aim with this exploratory design is to create a visual tool for learning about
complex natural phenomena and understanding our relation to Earth and the Sun.
It thereby discusses how a design can put humans in touch with their natural
surroundings to satisfy individual biological needs in order to better understand
contemporary environmental needs at large.

Keywords: Daylight design · Design research · Natural phenomena · Dynamic
sunlight · Dynamic daylight · Sundial · Changing surroundings · Environmental
change · Seasonal change · Circadian rhythm · Diurnal rhythm · Lighting
design · Exploratory design · Teaching tool

1 Introduction

Exploring the human connection to diurnal changes in daylight is an integral aspect of
human evolution and is vital in the development of this design in order to fulfill human
needs. Research starts with the impact that the daily and yearly rotations of the earth have
on human evolution. The earth rotates at a speed of one rotation around its axis every day
and one rotation around the Sun every year. At the root of it, these changes are physical
relations between one another. The day, month and year cycles are not tied to time, but
they are tied to gravity and laws of motion [1]. In order to survive on Earth, all life,
including humans, evolved to adapt to these kinds of external changes: “For millennia
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before clocks, our only regular way of measuring time had been the alternation of day
and night. The rhythm of day followed by night also regulates the lives of plants and
animals. Diurnal rhythms are ubiquitous in the natural world. They are essential to life
[…]. Living organisms are full of clocks of various kinds - molecular, neuronal, chemical,
hormonal - each of them more or less in tune with the others” [1].

As day follows night, our hormones adapt, influencing our neurons, triggering a
release of chemicals, resulting in behavior, etc. It is a constant feedback loop. The
circadian rhythm exemplifies that the ability to perceive change is at the core of what
makes an organism successful at living on Earth. We have developed ways to detect
changes that occur in our surroundings. The sense which evolved most with the diurnal
cycle of change is the eye’s ability to see light. “Sight like hearing requires a modulated
and crafted form of light for meaning. Stabilize images perfectly on the retina and they
disappear. This is a fact of sense psychology. We see only change, movement, life” [2].

Humans have evolved to have a keen sense for earthly changes. However, changes
that happen at a slower time-scale, become visually unnoticeable such as a tree budding
or ice caps melting. In this paper, these changes are defined as “earthly changes”. While
earthly changes are not visually noticeable to the human eye, we have nevertheless
evolved an acute ability to register them and they are vital to humans’ ability to perceive
time.Our brain catalogues the gestalt feeling of a space.AsRovelli says, “The past leaves
traces of itself in the present” [1]. We are full of memories which are traces from the past
and inform our present experience of our surroundings. The American researcher and
lighting designer William Lam continues this thought when he says, “Our evaluation of
any environment is colored by the memory of prior experience in analogous situations”
[3]. Humans constantly read their lit environment in order to acclimate to a space.
Lam writes about lighting for humans’ biological needs. Among others, “Location, with
regard to […] sunlight” and “Time, and environmental conditions which relate to our
innate biological clocks” are two major biological needs [3]. Lam references Vernon
as he says, “The type of motivation to which perception is mostly directly related is
the necessity of maintaining contact with the environment and adapting behavior to
environmental change” [4]. The circadian rhythm is a prime example of our biological
ability to notice slow, earthly changes. By evaluating one’s lit surroundings, the circadian
rhythm allows humans to prepare the body for changes to come.

While there is a strong biological need to connect to earthly changes in daylight,
there is an even greater need for humanity to understand earthly changes in order to
sustain environmental equilibrium on Earth. Instant gratification, more than ever before,
seduces people’s focus, in turn causing us to disregard the experience of earthly changes.
As the astronomer Carl Sagan says, “We are very devoted to the short-term and hardly
ever think about the long-term” [5]. A focus on slower, environmental changes is being
overlooked. With this mass cultural switch, people have become more detached from
their place on Earth and the rhythm of the day and year. This becomes particularly
crucial when conceptualizing the interconnectivity of humans and the planet which is
vital in order to understand the environmental impact humans have on Earth. While
seasonal climates are changing, ecosystems are thrown off balance [6]. Understanding
the interconnectivity between humans and the Earth’s ecosystems is the first step toward
managing a healthy and sustainable environment.
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This paper illustrates how a design concept can build a connection between indi-
viduals and their environment. Donella H. Meadows explains how we operate within
an interconnected world, full of systems which have built our belief systems, physical
relations and natural surroundings [7]. Life as we know it is held together by these
ever-changing feedback-loops. While generating substantial change is difficult, Mead-
ows says there are different leverage points to “change the structure of systems” [7].
The most impactful instrument of change is to alter a mind-set—a “paradigm” [7].
This, she argues, is not quantifiable, it is a belief system, an outlook. For an individual,
“All it takes is a click in the mind […] a new way of seeing.” [7]. We have all expe-
rienced the instant when something clicks into place: comprehension is unlocked and
we truly understand something new. These moments often occur during experiences.
Experiential learning is a powerful method for learning and “take[s] place between indi-
viduals and the environment.” [8]. While developing a design, the goal is to create an
experience that puts individuals in touch with their environment in order to see their
surroundings in a new way. The design approach is inspired by the Exploratorium where
“exhibits […] let you interact directly with real phenomena” to “create inquiry-based
experiences that transform learning” in order to encourage viewers to “confidently ask
questions, question answers, and understand the world around them” [9]. In this project,
an exploratory design is used in order to investigate a natural phenomena – sunlight’s
relationship to earthly changes. By learning through exploratory design, viewers can
build an appreciation for the immense system on which we live—Earth.

This paper is based on a MSc thesis of Lighting Design at Aalborg University by
the first author [10]. It leads to a question for investigation: How can a lighting design
accentuate changing moments of sunlight, thus building an understanding of peoples’
place on Earth? Continued research explores ways of using ancient tools that accentuate
a changingmoment of sunlight in order to develop a contemporary and innovative design
that connects people with their place on Earth.

2 Sundial: A Tool to Visualize Change

The Sundial is an ancient analogue technology that uses the predictable relationship
between Earth and the Sun to visualize change. It utilizes the straight rays of sunlight in
order to mark daily and yearly changes. Blocking sunlight creates a sharp shadow with
high contrast between light and shadow. Since sunlight-shadows create sharp edges, one
is able to notice the position of the Sun in relation to an object based on the shadow
that it casts. In a sundial, the position of the shadow is contextualized in the cycle of
the day and year. A mark of sunlight exists in relation to the rotation of Earth around its
axis and around the Sun. By using this astronomical tool, we are able to predict where
the Sun will be in the sky at any given moment in any place on Earth. By marking the
position of sunlight at a given moment, it creates a visual reference to a moment of light
in the past and future. It calls attention to the earth’s routine of light. While sunlight
is not always visible because of weather conditions, the eart’s rotation allows for the
Suns movement and position to be predictable throughout a space. The predictability of
sunlight’s movement will be referred to as the “geometry of sunlight”. Sundials use the
geometry of sunlight to offer a visual and spatial orientation to the time of day and year
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and place on Earth. The concept of this ancient technology is incorporated in the design
development in order to spatially visualize the daily and yearly cycles.

The sundial is traditionally used to quantify change rather than to create an expe-
rience of change. However, the experience of earthly changes, particularly in daylight,
is not only a human biological need [3], but is vital in understanding the timescale of
contemporary environmental changes. Occasionally, there are moments during the day
and year that accentuate poignant experiences of light, such as at sunset. Encounters like
these remind us of the unique beauty of a particular moment on Earth. Witnessing a pre-
cise moment of light draws attention to the change inherent in daylight. Learning from
these experiences of unique moments of light ground us in our ever-changing physical
surroundings. Concepts of sundials appear in art and architecture throughout time.

“[Light] has been treated scientifically by physicists, symbolically by religious
thinkers, and practically by artists and technicians. Each gives voice to a part
of our experience of light. When heard together, all speak of one thing whose
nature and meaning has been the object of human attention and veneration for
millennia. During the last three centuries, the artistic and religious dimensions of
light have been kept severely apart from its scientific study. I feel the time has come
to welcome them back, and to craft a fuller image of light than any one discipline
can offer” [2].

Artists and architects accentuate the dynamics of daylight in order to connect viewers to
their place on Earth. The following artists, architects and historic sites act as inspiration
for developing an exploratory design that focuses on creating a space to experience
changes in sunlight.

A historic monument in Ireland called Newgrange, is aligned with the mid-winter
sunrise. During this time, sunlight enters 18 m through the space, clearly accentuating
a magical moment during Ireland’s dark winters [11]. James Turrell creates Skyspaces
to observe the dynamics of daylight [12]. In the stillness of his architectural spaces, the
changes in daylight become central. Chris McCaw creates photographs where the Sun
burns a hole into a film negative creating a time lapse or map of the Sun’s movement
throughout the course of a day [13]. The Finnish architect Pallasmaa describes natural
light as a vital light source for humans but also as somethingwe often take for granted. He
expresses excellent architecture as something that makes us aware of the surroundings
by letting us experience light in all its nuances and feel its presence in space [14]. Lastly,
the Danish architect Jan Utzon explores this phenomenon in his own house in Mallorca.
The house is built to accentuate the dynamics of daylight over the course of the day and
year [15].
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Referring to phenomenological philosophy, these projects do more than just create
a visual experience of the movement of light. Light interacts with the space, creating
embodied experiences from which to learn from while being present in the space [16].
They develop atmospheres that change with their viewers.

3 The Exploratory Design

3.1 Design Concept

To investigate how to create a better understanding of earthly changes an exploratory
design is developed. The method refers to Schöns reflection-in-action [17] and the
Exploratorium [9]. The concept for the exploratory design is to investigate how to use
sundial technology to develop a design that meets the human biological need for expe-
riencing and understanding earthly changes in daylight [3]. By experiencing changes in
sunlight, viewers observe their connection to their surroundings. This design sets out to
investigate natural phenomena and create a visual experience of “change,movement, life”
[2]. Experiencing these rhythms of light connects people to rhythms of life. As daylight
slowly changes, people’s emotional and physical states change accordingly. Based on
the research presented in the introduction and the artistic and architectural inspirations
derived from sundials, a set of criteria are determined for creating the design concept:
the design must be created in relation to the geometry of sunlight throughout a space
and use sunlight to accentuate daily and seasonal changes.

Using these criteria, a structure is developed to create a space where viewers expe-
rience changes in sunlight. The design is built based on its relation to the Sun and
exemplifies direct sunlight as it enters into a structure. Sunlight enters into a long rect-
angular opening on the top of the space and casts a stripe of sunlight down the side and
bottom of the structure. Over the course of a day, the stripe of sunlight enters through
the opening, and moves down the west wall. It aligns with the floor precisely at midday.
After midday the sunlight moves up the east wall. Midday is the only time when light
does not hit the walls (see Fig. 1).

Fig. 1. Figure shows the sunlight as it moves through the space before midday (left), at midday
(center) and after midday (right). The opening faces toward the equator (180°S in the Northern
Hemisphere and 0°N in the Southern Hemisphere). This image depicts the light moving through
the space in the Northern Hemisphere. Figure by Emma Strebel.
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Over the course of six months, sunlight moves from the southernmost point to the
northernmost point of the floor. Every year, the sunlight moves throughout the space and
back again, filling the entire space with light twice per year (see Fig. 2).

Fig. 2. Figure shows the sunlight as it moves through the space at midday over the course of
6 months from June solstice to December solstice. Figure by Emma Strebel.

The seasonal geometry of sunlight determines the angles of the north and south walls
of the structure. Depending on the latitude of where the piece is installed, the angles of
the north and south walls are different. While the size of the opening and the difference
between the angles of the north and south walls stay the same with a consistent 47°,
the shape of the entire structure changes relative to the ground (see Fig. 3 and 4). In
Denmark, for example, the midday sun on June solstice has an altitude of 58° which is
the angle of the south wall, and the midday sun on December solstice has an altitude of
11° which is the angle of the north wall (see Fig. 5).

The north and south walls are determined by the angle of the sunlight at midday on
June solstice and December solstice. No matter where one is on Earth, the difference
between these angles is 47°. The area that is created is a seasonal sunlight chamber
which becomes the design (see Fig. 3, 4 and 5).
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Fig. 3. Figure shows the change in angle of sunlight depending on season. The rays of light on
the solstices create the angles of the north and south walls of the structure. Since sunlight hits the
earth in parallel lines, the difference in the angle of sunlight hitting the earth between the solstices
is always 47°. Figure by Emma Strebel.
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Fig. 4. Figure shows the general shape of the structure depending onwhether the design is located
north, south or on the equator. Depending on where the structure is located, the opening faces a
different direction. The opening is always perpendicular to the angle of sunlight at midday on the
equinox. Figure also shows that the north and south walls are angled with 47° difference. Figure
by Emma Strebel.

Fig. 5. Figure shows the shape of the design as it were located in different places on Earth. Figure
by Emma Strebel.
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The variations in the shape of the structure visualize the acute differences in sunlight
based on its location on Earth. Far from the equator, the angle of the sunlight is shallower
and thus, the angles of the north and south walls are shallower. Since the structure is
built in relation to its location on Earth, each aspect of the design is dependent on that
location. Regardless of whether the sun is shining or not, the differences in the design’s
structural form visualizes the differences in sunlight at different places on Earth.

3.2 Prototype

A prototype is created to examine how the sunlight moves throughout the space. The
calculations of the north and south walls are specific to the location of San Francisco.
The mockup is made out of diffuse plexiglass so that the structure is not transparent but
the direct sunlight is visible from the outside. In this iteration, the prototype hangs from
two C-stands so that the opening faces 180° south and the bottom is level to the ground.
Once the prototype is set up, the movement of the sunlight is documented through the
structure close to June solstice (see Fig. 6) and near December solstice (see Fig. 7). Due
to the parallel rays of sunlight, this design is scaleable to any dimension. While this
prototype is under a cubic meter, the design would operate the same way as a room
viewers could enter into.

Fig. 6. Photos demonstrate the design prototype using Lighting White 60% plexiglass. The top
image shows light entering into the structure precisely at midday near to June solstice. The fol-
lowing three photos show the light as it enters into the structure after midday. Photos taken by
Emma Strebel.
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Fig. 7. Photo shows light entering into the structure at midday as the season nears December
solstice. Photo taken by Emma Strebel.

The design specifically accentuates the experience of solar midday. Just as people
enjoy watching the transition that takes place at sunrise and sunset, this design creates a
space to observe midday: the moment when a particular place on Earth transitions from
rotating toward the Sun to rotating away from the Sun. It disconnects viewers from time
as an objective truth, and rather connects people to the inherent changes that are always
occurring around us. The design specifically highlights one moment at one particular
place on Earth. It develops a connection to the human biological need to experience
changes in daylight. The design offers a meditative space to experience the dynamics
in sunlight and learn about our profound relationship to earthly changes. While sunrise
and sunset are inherently climactic changes in the experience of light throughout the
day, midday often goes unnoticed. As the earth constantly rotates, no two consecutive
moments of sunlight are the same. This design calls attention to the midday change—
midday is the only moment at which the light hits the floor of the structure without
hitting either of the east or west walls. Without this significant design element, midday
would go unnoticed. Furthermore, the design highlights both solstices (when the beam
of light reaches the southern and northern walls), which are also moments that would
otherwise go unnoticed.

At any moment that someone encounters the design, it offers a visual comparison.
For the first half of the day, the sunlight inches down the wall and across the structure.
While the sunlight is constantly changing throughout the entire day, the moment of
anticipation is for midday. The climactic moment builds up anticipation and offers a
visual comparison for prior and following moments. Over the course of a year, this
design frames the light in a way which highlights Earth’s more gradual rotation towards
and away from the Sun. It visually represents where the earth is on its journey around
the Sun. Over the course of one year, the position of the sunlight starts at the south



96 E. Strebel and E. K. Hansen

wall, moves toward the north wall, and then reverses to move back to the south wall.
This element of the design accentuates seasonal changes in light. Experiencing these
changes strengthens people’s understanding of their ever-changing surroundings.

4 Discussion

This exploratory design is developed to meet the human need to experience natural
change when indoors and build an understanding of environmental change at large. The
aim is to create an experience that enables us to learn more deeply about the rhythms
of daylight and thereby stimulate biological needs for connecting humans to nature. In
doing so, viewers become familiar with the earth’s timescale of change and learn about
the interconnected systems we exist within [7]. Combining Lam [3] and Böhme’s [18,
19] theories on biological needs and atmosphere, the design creates an atmosphere that
tracks changes in sunlight in order to fulfill the biological need to connect to daylight.
While creating a design, the goal is to illustrate how a tool can accentuate a moment
of sunlight in order to help people notice a changing moment on Earth and learn about
the relation between humans and the universe. The design detaches changes in sunlight
from clock time as we know it and creates an awareness of the way sunlight moves
through a space in order to accentuate the viewers’ experience on Earth. By connecting
to changes in sunlight, humans learn the importance of building a connection to their
place on Earth.

This design concept can be implemented for site specific installations. The proposed
design concept is a basic design that can be altered inmanyways. In any scale or iteration
around the world, the design offers an experience for learning more intimately about the
relation between humans and the universe.

This paper proposes an exploratory design method to demonstrate how to use the
geometry of the sunlight in order to create a spatial design that enhances the human
connection to Earth and the natural rhythms of the day. In a broader context, this approach
focuses on biological needs, developing an architectural space where experiencing the
dynamics of the daylight connects us to our surroundings [3]. This method develops
sustainable design grounded in one’s natural surroundings in order to conceptualize the
rhythms of the earth. These principles focus on experiential and exploratory learning [9]
and can be integrated into architecture and lighting design beyond this particular project
in order to investigate natural phenomena. Working with the geometry of sunlight at
particular locations on Earth generates architecture that is better able to connect people
to their surroundings. With a deeper connection to earthly changes, humans become
more in tune with diurnal rhythms, and their connection to daylight and sunlight. In
doing so, architecture and lighting design is able to enhance the human connection to
light and “set the internal world to the external world” and visa versa [20]. With this
fundamental connection, viewers build an understanding of the timescale of the earth’s
environmental changes and the interconnectivity of our place on Earth.

5 Conclusion

This paper sets up an exploratory design to investigate how to develop a lighting design
rooted in the geometry of sunlight that connects humans to the rhythmof the day and year.
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The design explores the movement of the earth and the position of the Sun in relation to
one’s location on Earth. By applying this natural scientific approach, the design creates a
space centered around the experience of earthly changes in sunlight. Itmarks onemoment
of change at midday, the slower rotation of an entire day and the even more gradual
fluctuations throughout the year. With these comparisons, viewers depart from their
familiarity of clock time by connecting to visual changes and routines in sunlight. These
connections help develop an understanding of the earth’s constant fluctuations. Change
has enabled our evolution, intertwined us with light and will continue to define our
experience of life on Earth. As humans increase their impact on the earth’s ecosystems,
understanding its timescales has never been so important. This understanding is a step
toward the human need to empathize with and take care of the environment at large. The
design demonstrates how a design can be a tool that informs viewers about the complex
and fundamental interaction between the earth, Sun and human. It develops a space to
acquaint humans with the inner workings of sunlight, in turn connecting us to our place
on Earth and in the Cosmos.
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Abstract. In this article, we first review the work carried out in the field of inter-
generational digital games experiences as well as in the identification of the design
factors involved. They are valued according to their applicability to put a common
point to generate Intergenerational playful experiences based on digital games for
interactive spaces. Starting from that point, “The Fantastic Journey”, a game cre-
ated to be played in an interactive space where tangible interaction on tabletops,
physical interaction with real objects as well as body and gesture interaction is
supported, is valued as a possible intergenerational digital game experience. Two
play sessions and a workshop carried out with grandparents and their grandchil-
dren have allowed us to elaborate the findings in the literature about the potential
and the factors around intergenerational play and have served to legitimize The
Fantastic Journey as a true intergenerational digital game experience.

Keywords: Intergenerational · Hybrid digital games · Interactive spaces

1 Introduction

Older people represent a growing proportion of the world population. Between 2000
and 2050, the proportion of the world’s population over 60 years will double from about
11% to 22%. In our occidental societies, the older adults often suffer from social and
emotional isolation, and from ageism. The term ‘ageism’ has emerged to refer to both the
negative attitudes towards older people, and the negative attitudes that older people hold
towards young people. Studies [1–5] show that video games can be a cohesion tool that
enhances socialization between young and old. In fact, digital games can be individually
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beneficial for both generations. For older adults, they can improve cognitive functioning
(e.g., short-term capacity, memory, attention, hand-eye coordination) [6, 7]; overcome
communication problems and social isolation [8]; and encourage physical exercising
and prevent falls [9, 10]. For children, collaborative digital games can improve learn-
ing, skill building, and healthy development [11]; can encourage learning, exploration,
experiment, and construction of knowledge; and can develop imagination and creativity
[12]. Moreover, intergenerational interactions can be mutually beneficial for both col-
lectives: breaking with some age stereotypes or ageist attitudes [13]; developing civic
engagement and contributing to an age inclusive society [14]; linking the learning and
leisure needs of both generations [14] encouraging communication, solidarity, and social
connectedness between generations [10, 15].

In spite of these findings, the number of projects focusing in intergenerational games
is scarce, also the works that focus in their design factors. One of the factors found in
the literature is the prioritization of physical, mixed reality games and multimodal inter-
action as well as the convenience to use shared context and meeting places to enable
social interactions. From that point of view, Interactive Spaces may play a role in sup-
porting intergenerational playing experiences. Interactive Spaces (IS) are distributed
user interfaces supporting several ways of interactions in digitally augmented rooms.
They combine a panoply of related interaction paradigms such as Physical Computing,
Context-Aware Computing, Mixed Reality, Wearables and Tangible User Interfaces,
allowing multiple users to interact, at the same time or in a distributed way. The objec-
tive of the work presented here has been to explore the potential of Interactive Spaces to
support intergenerational playing experiences. To do so, two game sessions with family
groups, comprised of grandparents and their grandchildren, playing in an interactive
space that supports tangible, gestural and body interaction, were carried out. We wanted
to compare the findings of those sessions with the ones present in the literature. More-
over, we wanted to know if grandparents and grandchildren agree with the factors stated
as fundamental in the literature to generate successful intergenerational playing experi-
ences. This is why a third experience, an intergenerational workshop, was carried out.
Paper structure follows.

Section 2 introduces the state of the art in the Intergenerational Digital Gaming
literature, as well as the factors to take into account when designing intergenerational
experiences. In Sect. 3 a game “The Fantastic journey” is presented and analyzed from
the intergenerational perspective. In Sect. 4, the intergenerational playing sessions and
the workshop carried out in the ETOPIA Art and Technology Center of Zaragoza’s City
Council are presented and analyzed. The conclusions section summarizes the experience
and discusses future work.

2 State of the Art

We will first review the digital intergenerational games present in the literature and then
the factors to take into account when designing intergenerational experiences.

2.1 Intergenerational Digital Gaming

Different types of digital intergenerational games can be found in the literature; some
for family environments, sharing a location or through the internet, and others in which
specific educational aspects are sought to be applied to populations of different ages,
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not necessarily among family members. After a general search about intergenerational
games, the projects selected were those in which the target population is of extreme ages
(children and the elderly, not necessarily family members) and in which any digital tool
is used as an interactive medium to allow interaction whether required or not physical
elements. The projects were classified according to the development technologies and
predominant types of interaction (see Table 1).

Table 1. Development, technologies and predominant types of interaction

Project name Location games
with tangible
interaction

Interactive
physical
experiences

Online Games Games with
experimental
development

Curball [16] X

Distributed
Hide-and-Seek [17]

X X

Age Invaders (Khoo
et al. 2008) [18]

X X

Save Amaze Princess
[15, 19]

X

Atomium [9] X

Family Quest [20] X

TranseCare [10] X

Xtreme Gardener [21] X

AR card game [22] X

Parent-Child Sexual
Health Dialogue [23]

X

Cooperative game to old
powered chair users and
their friends and family
[24]

X

Children’s Museum [25] X

eBee [26] X

Mr Robojump [27] X

Co-smonauts [27, 28] X

MeteorQuest [29] X

SoundPlay [30] X

Intergenerational shared
action games [31]

X X
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Looking at Table 1, we note a predominance of location games with tangible inter-
action; Save Amaze Princess [19], for example, essentially takes the game mechanics
of Ludo and Snakes and Ladders and augments them with the use of a board projected
onto a table and the use of physical tokens with animated feedback. This type of project
is carried out on the hypothesis that, in general, an interactive intergenerational digital
game is more successful if it takes as a reference traditional games already established,
and if it also includes physical elements. It means that there is a lower learning curve of
the game and a reduction in fear of technology for the elderly [25, 27].

On the other hand, Physical Interactive Experiences are preferred for exploring group
interactions, typically of one to four participants. Age Invaders [18], for example, has a
board in which people have to move to achieve their mission; at the same time they can
interact online with other players. Xtreme Gardener [21], meanwhile, explores collab-
orative play to keep a garden protected from the elements and anything that can harm
plants. The disposition of the game seeks that children and grandparents, through physi-
cal actions, control these elements. They are represented on a screen by their silhouettes
that are tracked by a Microsoft Kinect device. Other experiences such as Cosmonauts
[27] also resort to physical elements but not as controllers (tokens or symbols) but as
playable pieces (parts of a rocket).

Online games are not usually predominant if we talk about intergenerational digital
games, because the trend is that interactions invite people to share. However, it should be
noted that Age Invaders [18], for example, adds this possibility to enrich the participatory
game dynamics: grandparents and grandchildren on the one hand, and parents through
the internet. Distributed Hide-and-Seek [17] may be a very interesting bet on online
gameplay, since it does not have grandparents and grandchildren sitting remotely in
front of a screen. Considering the impossibility, many times, of being together they
propose to play a physical game such as “hide and seek” with the help of sensors so that
children can hide and be found, in an entertaining way, by adults in a defined space.

Finally, Experimental development games consider the use of various technologies
to verify their effectiveness. eBee [26] uses an entire previous dynamic of co-creation
with weaving grandmothers to create small hexagonal pieces woven by hand with elec-
tronic components. These pieces make a board dynamic highly attractive for children
due to the various colors and textures. The game pieces were made by grandmothers,
manually, with crochet stitching, as a symbolic form of cohesion and identification with
the activity. MeteorQuest [29], a ubiquitous game with mobiles, proposes that by means
of geolocation, the family travels through certain areas in a city “hunting” the fragments
of a meteorite that has fallen to the ground. This experience, enriched with creative
dynamics, encourages teamwork to solve the clues required in the search and like no
other, takes digital intergenerational games off the wall.

As it can be seen from the previous works, physical interaction, or at least mixed
virtual/physical experiences, and co-located playing seem to be important factors for
successful intergenerational games. From that point of view, Interactive Spaces (IS) [32]
may be a natural place to deploy intergenerational games. Initially, ISs have been applied
to explore new possibilities of collaborative work and meeting rooms but their use to
support ludic experiences [24] is also rapidly growing. Nevertheless, in order to explore
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their potential to support successful intergenerational games the identification of the
factors to be considered in their design is needed.

2.2 Design Factors of Intergenerational Experiences

Regarding the factors to be taken into account to design intergenerational digital games,
the work of De la Hera et al. [4] stands out. In their work, they make an exhaustive
review of the state of the art in that moment in order to obtain, not only information
about the benefits of intergenerational digital game-playing practices, but of the design
factors to be taken into account. They group benefits around three important questions:
strengthening of family ties, reciprocal learning and greater mutual understanding and
reduction of social anxiousness. They find that the way it has proven to be most effective
at narrowing the gap between generations and motivating mutual learning is through
narratives used as the basis for game mechanics design. Related to the design factors,
they classify them into two types of factors that are important to take into consideration:
player-centric and game-centric factors. In Table 2, the factors and the related findings
in the works analyzed are summarized.

The work of Kolthoff et al. [5] is also relevant. From the work of De la Hera et al.
[4] and the works of Chiong [33] and Zhang and Kaufman [2], they propose 13 design
factors shown in Table 3 including their applicability. Kolhoff et al. [5] contrast these
theoretical factors found in previous studies with interviews among elderly and youth.
Interviews confirmed the importance of five factors (weighing of different motivations
young and old; need for a learning component; options for a short game; ease of use
and communication and nature of social interaction) and added that the game has to be
funny and save about terms of privacy.

Having detected the potential of interactive Spaces to support intergenerational gam-
ing experiences and the most important design factors to consider, we decided to make
use of a previously created Interactive Space [35] to follow that research line.

Table 2. Factors and findings in intergenerational digital games (elaborated fromDe la Hera et al.
[4].

Factors to consider Findings

Player-centric The nature of interactions
between older
(51–81 years old) and
younger (4–22 years old)

• Users tend to carry out asymmetric interactions,
where grandparents act as grandchildren
“supporters”. At the same time, grandchildren
want to be considered as “skilled students” by
their grandparents

• Interactions use to build from histories inspired
by the grandparents

(continued)
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Table 2. (continued)

Factors to consider Findings

The motivations to play
digital games

• Both grandparents and grandchildren seek
relaxing and having fun. Grandparents also seek
social interaction and a way to escape from their
reality

• Children like long games, whereas old people
prefer shorter games

• Grandparents prefer avoiding games related to
reflex movements (running, fighting…).They
have more difficulties in those kinds of games
and they do not enjoy them so much. They avoid
violent games

• Grandparents adapt to the game’s content much
better than young gamers do. In this way,
maybe, it is interesting to design games
according to young people’s preferences

The difference in
habilities

• Due to their physical and cognitive difficulties,
old people may have difficulties in
understanding and using the games’ devices
depending on the technology used

• Enactive interactions, which are not based on
specific digital competences or mental models,
are a good solution to deal with the differences
in abilities

• Children may also have trouble when
technology is not adjusted to their age and
abilities

Game-centric Goal-related forms of
interaction

• Older gamers tend to be less competitive and
assume a more passive or supportive role

• Better results are obtained if there is a
collaborative competition: competitive games
with a collaborative background promote the
interaction between old and young people

Space related forms of
interaction

• Interaction mechanisms work better if they are
carried out in presence of other people,
participants or spectators (co-locative)

• In the case of VR games, extra communication
functionalities, such as sound and touch are
welcome: they facilitate older participants to
interact and motivate children as they can teach
them how to use them
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Table 3. Intergenerational games design factors and their applicability (elaborated from Kolthoff
et al. [5])

Design factors Applicability

Weighing in different motivations from both
age groups

There must be motivations for both types of
user to make the game attractive

Learning embedded in the game All approaches must include some aspect
related to learning

Short game sessions Both age groups prefer games with short
gaming sessions

Easy to use interface The interface should be simple and easy to
use for both groups

Collaboration games with common goals have
best fit for both

Collaborative games should focus on joint
goals and avoid competition between the two
participants (elderly-young), but rather
competition with other teams or the system

Peer-to-peer mentoring by teaching each other The design of the system should encourage
reciprocal learning

Enable social interaction, shared context and
meeting places

It is important that social interaction arises
with not only the participants of the game,
incentivizing competition and empowering
participants; to achieve this, co-locative
experiences and spaces where it can be
socialized outside the experience should be
used

Video chat and computer mediated
communication helps

In the case of experiences in different
locations, communication is decisive

Asymmetrical and asynchronous play Asymmetric learning (in which both users do
not supplement the same role but are fed
back) and turn-based play is more conducive
to this type of game

Nature of interaction in important Interaction must be conceptually in some
common term between young and old

Enable passive watching play Allow the person watching the game (usually
the elderly) to also get satisfactory feedback

Prioritize physical, mixed-reality games and
multi-modal interaction

Performing actions in the space allows
multiple people to participate in the
interaction at the same time

Create socially desired reward systems This is relevant in virtual games or gamified
group interactions where there are additional
incentives and activities that do not
necessarily involve the game
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3 Playing in an Interactive Space: The Fantastic Journey

After studying the factors and recommendations to support successful intergenerational
playing experiences we realized that a pervasive game, The fantastic journey, previously
developed, could be a good starting point to support that kind of experiences.

3.1 Game Description

The fantastic journey is a game, initially designed to work attention, planning and social
skills with ADHD children, developed by the AffectiveLab Group at the University of
Zaragoza with the support of educators and therapists [34]. The game has been designed
to be played in the JUGUEMOS Interactive Space [35]. It is an indoor space of around
70 m2 that includes a real-time localization system, two Kinects (to support gesture
interaction),microphones, and projectors. It also includes a set of fourNikVision tangible
tabletop devices which have been proved to be useful for kids to improve their cognitive,
manipulative and social skills [36].

The fantastic journey is an adventure game, in which the protagonist has to progress
over the story interacting with different characters and objects. It is a multiplayer game,
aimed up to 16 players organized in four groups. The game is intended for use by
inexperienced players that do not need to be familiar with the rules of the game neither
with the controls. During the play, players have to move around the interactive space in
order to find objects or to achieve the challenges proposed by the game. They also have
to interact with the tangible tabletop devices and use their own body or voice. The groups
have to collaborate to help the main character complete the journey, and is articulated
around several missions commented next.

Magic words. Here, players have to pay attention to the lyrics of a song and then,
order the words that make up the chorus. It is made with physical words put on the
tabletop devices.

The sun and the moon. In this mission, players have to make up the shapes of the
sun and the moon (projected on a wall) by placing themselves (localization) inside the
silhouettes.

The search for the suitcase. Here, players have to find a suitcase hidden in the IS.
The suitcase is closed with a padlock. The key can be obtained by playing Starloop [37],
a game that were developed to improve computational thinking in kids (see Fig. 1).

Fig. 1. Intergenerational group playing Starloop.
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Keyword. This mission allows working attention in both selective and global levels.
Children will listen to a story in which a word is constantly repeated. Then, they will
have to find the word in a word search that is projected on the tabletop devices (see
Fig. 2left).

Fig. 2. Word search (left). Planet of Indians (right).

Planet of Indians. Here, players have to follow sound patterns, so successive pro-
cessing and selective attention are worked. Each tabletop device represents a color and
a sound (see Fig. 2right). Players have to reproduce a sound sequence by hitting the
tabletop with drumsticks in the correct order.

Freeing the stars. Here, the goal is to free three stars that have been trapped in a spider
web. Selective attention and simultaneous processing are the abilities to develop. The
player has to select the elements required by means of gestural interaction (see Fig. 3).

Fig. 3. Freeing the stars.

Meteorite attack. Thismission is about destroying a set ofmeteorites. It helps towork
on selective attention and planning of time-space paths. The meteorites get destroyed by
shooting them with spaceships on the tabletops (see Fig. 4left).

Butterflies. In this game, players must stay quiet so that the butterflies that are pro-
jected on the walls are placed on the flowers and can be counted. The idea is to work on
the inhibition of impulsive behaviors and on self-control.
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Fig. 4. Meteorite attack (left). Encounter with the Comet of laughs (right).

Encounter with the Comet of laughs. The last phase of the game consists of a projec-
tion of the last scene, inwhich the protagonistmeets theComet of laughs (see Fig. 4right),
and of the playing of the song of the game, which will be sung and danced by the players
to celebrate the success of the mission.

3.2 The Fantastic Journey as an Intergenerational Experience.

The game fulfills several of the factors presented in previous section (see Table 3) to be
important to support intergenerational playing experiences. In particular:

• Learning embedded in the game: each activity/mission has been defined towork one or
more competences (such as language, learn to learn, social skills, digital competence
and competence of initiative).

• Short game sessions: the game has been structured around short missions that are
solved and allow it to continue in the game; nevertheless, a common and engaging
narrative drives the experience which will better fit expectations from the younger
gamers (see also Table 2).

• Easy to use interfaces: natural interaction based on manipulating objects using the
tangible tabletops (magic words, keyword, planet of indians, meteorite attack activi-
ties), seeking of objects within the space (search of the suitcase activity), or using the
own body (the sun and the moon activity) or hands (freeing the stars activity) avoiding
the interaction through specialized or complex devices.

• Collaboration games with common goals have best fit for both: although teams are
formed to play, they have to collaborate: all the teams have to achieve the goal so that
they can all continue to the next activity; this promotes interaction not only within a
team but among teams.

• Enable social interaction, shared context and meeting places: the Interactive Space
acts as a meeting place that allows co-located play.

• Prioritize physical, mixed-reality games and multi-modal interaction: the game
supports tangible, gestural and bodily interaction.

To increase both groups’ motivation and engagement with the narrative (in our game
not originated from elderly stories)we decided to include a greeting fromPipo’s grandma
video to welcome the families when they entered the Interactive Space (see Fig. 5).
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Moreover, in order to assure easy to use for all, and taking advantage of the fact that
during play, the game is controlled by a mediator, it was decided to allow the mediator
to choose for each mission the level of difficulty (each mission has been designed with
different levels of difficulty) that better fit.

Fig. 5. Getting to know Pipo’s grandma (left) and Pipo main character (right)

In the next section, the intergenerational experiences carried out based on the fantastic
journey game are presented.

4 Intergenerational Experiences

The JUGUEMOS interactive space is located in the ETOPIAArt and Technology Center
of Zaragoza’s City Council where families are engaged all year long in different artistic/
technological activities. We decided to organize game sessions where children with their
grandparents could play The Fantastic Journey together. The objective of the sessions
was to assess the potential of the game to support intergenerational play, getting direct
feedback from users, and to observe the dynamics of the intergenerational groups in the
interactive space to compare them with the findings in the literature. Two sessions were
carried out. After them, it was decided to organize an intergenerational workshop to
deepen with the families in the intergenerational games design factors. All the precedent
mission figures were taken during those experiences.

4.1 Intergenerational Game Sessions

Two intergenerational game sessions were organised, one in December 2018 and the
other June 2019. They were announced through the municipal web and family groups
formed by one or two grandparents and one or two grandchildren aging from 7 to 12
could sign up. In the first group there were 18 people so two families were put together
in one of the tabletops. In the second group, there was just a family in each tabletop.
One researcher took observation notes and two others helped players with the different
missions. The families played the game for around one hour. Afterwards, players were
divided into two age groups: grandparents filled a questionnaire and children just talked
about the experience. The family groupswere able to get through all themissionswithout
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special difficulties. Compared to usual children-only groups, children were observed to
be more quiet and careful when playing. Following main observations are commented.

With regard to participation:
In general, they all helped and facilitated that all of them could see what was hap-

pening and could participate in the missions. They all celebrated their achievements.
Especially grandparents celebrated them, singing Pipo’s song after the missions.

In terms of leadership:
Childrenmade proposals and grandparents observed or helped. In general, the grand-

parents were much more prudent than children, acting slowly, leaving the children to
make decisions and act. When children failed to perform activities, then grandparents
began to act and to make decisions.

Regarding mediation:
Grandparents provided the children with the materials needed for the missions. They

gave instructions and advice when children got stacked. Some grandparents organized
turns among their grandchildren and encouraged them to help other teams after having
accomplished their own missions. In some activities, interaction was quite intensive:

– In the Starloop mission, some grandparents participated quite actively, giving advice
about the best strategies. They also expressed curiosity asking the children to explain
how they had succeeded in completing the activities (“Why have you put this tab
here?”)

– In the suitcase mission, the suitcase was a quite old-fashion one and the grandparents
had to explain to the children how to open it.

– In the word search, grandparents got involved much more actively giving precise
instructions.

During the small talk with the children after playing, many of them said that even
though they spend quite a lot of time with their grandparents they do not play with
them (“It has been the first time my grandfather has been playing with me”). They
all thought that their grandparents would not be able to finish the game without their
help. Nevertheless, they admitted that in some missions, such as the word search, their
grandparents had been better than them.

In the questionnaire, grandparents were asked about their feelings playing with their
grandchildren and the difficulties encountered by both of them. The answers were very
positive showing a general very positive experience. Anyway, two issues arose. Surpris-
ingly, they felt they had not helped their grandchildren as they had seen them very good
at playing, which was not always the fact. This may indicate the necessity of pointing
out the value of the supporting role of the elderly during the game play. Besides, regard-
ing the feelings they had felt during the play, although the most common terms were
happy/very happy, the words slow and stupid arose. This points out the necessity of
carefully tuning all the activities to the abilities of all the participants, which represent
a big challenge as they may be very different even among individuals of the same age,
as it is also the case among children.

Regarding the observations if we compare them with De la Hera et al. [10] findings
(see Table 1), we find some agreements but also disagreements:
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– “Users generally tend to carry out asymmetric interactions, where grandparents act as
supporters for grandchildren”. This was observed during the whole game. In fact, the
game mediator had to encourage the elderly to take a more active role in the missions.

– “Grandparents adapt to the game’s contentmuch better than young gamers. In thisway,
maybe, it is interesting to design games according to young people’s preferences.” It
is true that elderly adapt well to all types of games or missions (for example to tangible
tabletop activities) but also the children to “more adult” missions (the word search).
In addition, we realize that using a game based on a familiar activity for the elder
allows them to show themselves as “masters”, what they love, and, as the children
saw them as experts, it helps to break down usual age stereotypes. On the contrary,
those activities in which the elderly see that children are more used (using a Kinect in
the Freeing the stars mission) make them assume a more passive role (the mediator
had to encourage the elderly and just one of them took part).

The experience was very positively considered in both age groups. They all agreed
they had had a good time and thanked the opportunity of playing together. We realize
that, although we split the age groups to comment on the experience, they were very
interested in commenting on the experience with the other age group. In fact, we realize
that talking about the game experience itself could be a new good conversation topic for
them and could also foster intergenerational interaction. We wanted also to discuss with
them the most important factors too take into account when designing intergenerational
games. Therefore, in the next experience, we decided to shorten the play experience and
to add other intergenerational activities, as explained in the next section.

4.2 Intergenerational Workshop

In this second type of experience, four family groups participated, made up of one or
two grandparents (over 60 years old) and one or two grandchildren (under 12 years old)
without cognitive or motor difficulties. The experience consisted of three parts. First,
they played a simplified version of the game with only three activities: Meteors attack,
Starloop and Freeing the star. They were used because they combined fun (Meteors
attack) and learning (Starloop) and tangible (Meteors attack and Starloop) and gesture
(Freeing the stars) types of interaction. The design factors brainstorming (part 2) and
the games modifications proposals (part 3) are explained next.

Design Factors Brainstorming
The aim of this part was to talk with grandparents and their grandchildren about the most
important factors to design intergenerational games to see if they agree with the ones
mentioned in the literature.

The activity consisted of interpreting, taking into account the clues, a message in
Japanese, given by a grandmother, who was also a game designer (see Fig. 6 left). This
activity also sought to intensify intergenerational participation and to took advantage
of the previous gaming experience to decipher four aspects to take into account when
designing games to play by grandparents with their grandchildren.
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Fig. 6. Message form the grandma designer in Japanese (left). Brainstorm written in a flip chart
(right)

The four aspects the Japanese grandmother argues to consider, are:

A. The game might allow both my grandchildren and me to have fun.
B. It has to be useful for something, and above all, so that my grandchildren and I are

left wanting to spend more time together, playing.
C. What game proposes, even if it is a challenge, must also be something with the

possibility of doing it together, and in turn, it must be as easy for my grandchildren
as it is for me.

D. Both they andme, indistinctly, can have control ofwhat happens in the game,without
the game requiring personal resources that exceed one or the other.

In fact, the four proposed aspects are related to themodel proposed byCheng [38] that
integrates the technology acceptance model (TAM) and the theory of planned behavior
(TPB).

The technology acceptance model (TAM) [39] considers that:

– Perceived ease-of-use refers to the extent to which an individual believes that using a
particular system is free of effort.

– Perceived usefulness refers to the extent to which an individual believes that using a
particular system would improve work performance.

The theory of planned behavior (TPB) [40] considers that:

– Attitudes toward the behavior refers to an individual’s favorable or unfavorable
response to a particular behavior. It should be noted that the original model [41],
in addition to the aspects considered by Davis (utility and ease of use), also included
the Self- Esteem and the Subjective norms (individual’s reaction to social preferences
on performing a particular behavior).

– These authors also consider the importance of the Perceived behavioral control, key
element in relation to intergenerational games.
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To build the four aspects that the supposed Japanese designer takes into account, the
three variables of the integrated model (TAM+TPB) of Cheng [45] that were of special
interest for this workshop were considered: The perceived usefulness (A & B aspect
proposed by the designer), perceived ease-of-use (C aspect) and perceived behavioral
control (D aspect). Furthermore, the four aspects are related to most of the design factors
proposed by Kolhtoff et al. [5], as can be seen in Table 4, except those that include online
aspects not applicable to this experience.

Table 4. Kolthoff et al. [5] design factors with the four factors worked in the workshop

Design factors Aspects related with…

Weighing in different motivations from both age groups A,B, C and D

Learning embedded in the game B

Peer-to-peer mentoring by teaching each other B

Enable social interaction, shared context and meeting places B

Create socially desired reward systems B

Collaboration games with common goals have best fit for both C

Prioritize physical, mixed-reality games and multi-modal interaction C

Easy to use interface C, D

Nature of interaction in important C, D

A brainstorm was carried out and the ideas were written in a flip chart (see Fig. 6
right). It should be noted that the group arrived to principles very similar to those of the
Japanese designer, highlighting the fun, learning (utility), participation of all (something
easy to do together) and control over the game.

Games Modification Proposals
In the third activity, the Starloop and Freeing Stars games were evaluated, based on the
four principles derived from the previous activity (see Fig. 7). The participants were
divided into two intergenerational groups and each one analyzed one of the games, and
then, shared what to keep, what to eliminate, what to change, and what to add.

Fig. 7. Presenting the proposed game modifications (Starloop)
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The improvement proposals, above all, were aimed at suggesting small changes in
the experience, without proposing significant changes in any way. The key proposals
focused in particular on “utility” (B) and “ease of use” (C). This coincides with the two
points that have special relevance for the TAM model and for the items of the selected
model of Kolthoff et al. (in Table 4 most of the elements have a connection to B and C).

Suggestions to improve the experience affected the following aspects:

– Changing colors (more squeaky colors in the stars to make them more fun;
– Simplification of processes (introduce the possibility that the tours to the stars of the
star game Starloop, could also be programmed diagonally);

– Inclusion of learning elements (related to science, the universe, the stars, incorporating
the incidence of gravity in the Meteorites attack mission);

– Increase of the level of complexity of the task so that the games offermore possibilities
(including some more galactic stars to the game Freeing the stars).

Regarding the game in general, a child literally expressed: “Make it longer and more
complex, with more tests”. This goes in the same direction stated by De la Hera et al.
[10]: younger gamers like longer and more challenging experiences. This question has
to be carefully considered as making the experience longer or more difficult could affect
the elderly experience. The use of physical controls (“I have always liked video games
with physical controls” expressed one of the elderly) and bodily interaction (“movement
in the air”) were also welcomed.

5 Conclusions and Future Work

Intergenerational ludic experiences may have important benefits for both collectives and
can contribute to increase mutual understanding, but are still scarce in the literature.
Physical interaction and co-located play appear in the literature as two important factors
for successful intergenerational interactions. Both aspects can successfully be supported
in Interactive Spaces where groups of different ages may interact and have fun and learn
together.

A game designed to be played in a public interactive space supporting physical,
tangible, gesture and body interaction has been used to carry out two play sessions
and a workshop with grandparents and their grandchildren. The experiences have been
analyzed and have confirmed the suitability of the designed games to support intergener-
ational play and have also helped us to fine tune the design factors and recommendations
found in the literature.

In spite of the positive results, the experiences have brought to light some questions:

– the necessity of strengthening the learning potential of the ludic experiences;
– the utility of the game experience as a new conversation topic that may facilitate the
dialog between generations.

– the potential of such experiences to overcomeprejudices between generations showing
different roles and abilities;

– the challenge of fine tuning the game to the cognitive and physical abilities of all
participants;
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– the lack of tools to assess those intergenerational experiences and their impact.

Future work will focus on those issues, in particular, on how to potentiate dialog
between generations and on the design of specific assessment methods to evaluate the
short, mid and long term impact of the experiences.
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Abstract. In recent years, digital games have increasingly become an important
part of children’s lives. As a consequence, digital game-based learning (DGBL)
activities have also been merged into the school context and tried out by teachers
in various ways. The pedagogical and didactical values of integrating DGBL in
education are however not yet concluded. In this paper we examine how groups of
teachers construct ideas about digital game-based learning as a teaching method
and base for developing teaching activities. The study is drawn from a couple of
creative workshops with Swedish and Danish school- and preschool teachers, in
which their pedagogical design processes while evaluating and trying out different
game apps have been studied. The research questions we ask in this paper are: 1).
In what ways do teachers concretise their comprehension of digital game-based
learning in their discussions of educational games for school children? And; 2).
How are different discourses about the learning process and/or didactical potential
in relation to digital games constructed in teachers’ discussions while assessing
game apps? Using a discourse analytical approach, the results of the study show
that the teachers’ were stuck by their preconceptions about games as offering dif-
ferent learning qualities compared to their traditional teaching practice. Teachers
acknowledged that DGBL is a complex issue as also designers’ preconceptions
are tied to traditional qualities of game design.

Keywords: Digital game-based learning (DGBL) · Discourse analysis ·
Educational game apps ·Game-based design · School teachers · Teaching method

1 Introduction

Digital games are an important part of children’s lives. Arguments stating that games for
learning can be used to provide authentic, effective, and joyful educational experiences
are well documented [1–4]. By integration of learning content into games, researchers
have put forward that such digital game-based learning, or DGBL, could have potentials
for being motivating and engaging as well as promoting students’ achievements [5, 6].
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However, the actual impact of DGBL has as well been questioned. Kickmeier-Rust and
Albert [7], point to how a poor design of educational games can influence the learning
process and outcome. The authors emphasize the key issue of carefully considering
the learning design aspect when designing educational digital games, for example by
providing learning guidance to balance the relationship between a game’s gaming and
learning aspects. Nevertheless, game design factors often are an overlooked matter [8,
9], for example, game mechanisms, game goals, and game narratives, as well as the way
a learner interacts with and controls a game (keyboard, joystick, motion-sensing) can
impact learning-related aspects [10]. The issue of how the design of a game can support
learning is however less studied [11].

Beside considering game design features as crucial aspects of DGBL, it is important
to point to another topic in this field of research that has gained limited attention, namely
a focus on teachers and their implementation as well as facilitation of DGBL. This still
remains a challenging issue [12, 13]. The present paper presents outcomes from a bigger
study on DGBL in a Nordic context, including the countries of Denmark, Finland,
Iceland, Norway, and Sweden. In this project, our findings show that the reason to
why teachers do not apply digital games in their teaching primarily relates to that they
experience a lack of pedagogical and technical capacity to decide in what ways andwhen
digital games or gamification tools would apply to their teaching goals [14]. Relating
this to the above-mentioned issue of game design shortcomes, Squire [15] points to
game-based learning as a two-sided problem, where, on the one hand, game designers
can develop inspiring games, but are less competent to design for games to support
educational activities. On the other hand, teachers are knowledgeable about qualities of
teachingmaterial, but donot knowsomuch aboutwhat kindof design features thatmake a
digital game effective to use. The present paper has taken these aspects into consideration
by including 12 teachers in a workshop to investigate how different discourses emerge
when they are offered tools to assess digital games’ pedagogical as well as design
values and, further, to design a lecture including game-based learning. Through this, our
intention was to study the process of teachers’ discussion while assessing and designing
for DGBL. It was our hope that this approach also could serve as a resource to facilitate
their further understanding, awareness, and implementation of DGBL in their teaching
activities.

The following sections start with a research overview of DGBL as a learningmethod,
followed by a specification of the research questions. Next follows a description of the
theoretical framework, including analytical tools for identifying design features of games
supporting DGBL. This is followed by the methodological framework detailing the
method design. Finally, we present the outcomes of the study followed by a concluding
discussion.

2 Digital Game-Based Learning as a Learning Method

Arguments concerning beneficials and effects of using digital games for learning have
increased tremendously among researchers and educational practitioners in recent years
[16, 17]. Moreover, DGBL is increasingly highlighted as a contemporary alternative and
effective way to develop learning. Or, as Papadakis expresses it: “Digital games are gain-
ing wide recognition as an effective way to create socially interactive and constructivist
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learning environments” [18]. The various game components that are part of DGBL, such
as competition, commitment, instant reward and feedback, are elements that individu-
ally as well as together are considered beneficial for learning [16–20]. Contemporary
games are developed to satisfy basic requirements of learning environments and can
thus provide an important tool in supporting teaching and learning processes. Based on
Van Eck [20], Nousiainen et al. [21] have pinpointed four different game-based learning
approaches, namely: (1) using educational games, (2) using entertainment games, (3)
learning by making games, and (4) using game elements in non-game contexts. In the
same study, the authors identified possible competence areas needed by teachers to work
with DGBL [21]. Their results showed that teachers’ DGBL capacities should be more
integral to their professional knowledge and skill repertoires. Hence the authors bring to
the fore the importance of developing more knowledge about DGBL focusing on teach-
ers’ learning [21]. In our study we further this research by taking hold of facilitating
teachers’ awareness and professional development of DGBL. In doing so, we primarily
focused on Nousiainen et al.’s first approach, where the participating teachers in our
study used educational games while exploring digital game apps.

A major point regarding the effectiveness of including games in learning processes
has to do with the principle of situated cognition and the fact that the learning takes
place within a meaningful context [20]. Since the subject matter is directly related to
the learning environment, the gained knowledge is both applied and practiced by the
learner. Van Eck states that “games are effective in learning not because of what they
are, but because of what they embody and what learners are doing as they play a game”
[20]. However, in order to successfully integrate educational methods and game design,
there is a need for an in-depth understanding of the various possibilities that digital
games might provide [17]. In order to fully capture what games have to offer, Plass et al.
[22] claims that a combination of cognitive, motivational, affective, and sociocultural
perspectives is necessary for both game design and game research. Even though many
positive claims have been made about DGBL, there are, as previously mentioned, some
sceptical opinions towards using games as educational tools [7, 23]. Critics question the
viability of DGBL and argue that research has been slow to provide empirical evidence
on its effectiveness. Van Eck writes:

“Scepticismabout games in learninghas promptedmanyDGBLproponents to pursue
empirical studies of how games can influence learning and skills. But because of the
difficulty of measuring complex variables or constructs and the need to narrowly define
variables and tightly control conditions, such research most often leads to studies that
make correspondingly narrow claims about tightly controlled aspects of games” [20].

Another side to this has to do with the idea that research within the area still is
scarce [24, 25]. One such area is related to teacher knowledge [26–29]. Hébert and
Jenson [29] argue in their study that there are little to none research that examines
either teacher pedagogies in relation to digital game-based learning, or professional
development for teachers on DGBL either focus on pedagogy or study the impact of
professional development on teacher practice. Conclusively, DGBL as a learningmethod
is not yet totally defined.

In this paper we examine how groups of teachers construct ideas about DGBL as
a teaching method and base for developing teaching activities. To do this we followed
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their pedagogical design process while they evaluated and tried out different digital game
apps. The research questions posed in this paper are as follows:

1. In what ways do teachers concretise their comprehension of digital game-based
learning in their discussions of educational games for school children? and;

2. How are different discourses about the learning process and didactical potential in
relation to digital games constructed in teachers’ discussions while assessing digital
game apps?

3 Design Features Supporting Digital Game-Based Learning

Inspired by Shi and Shih’s literature review [8] focusing on higher level game design
concepts that are not restricted by genre, we have identifiedwhat we consider as essential
when designing for DGBL in school settings. These concepts form the analytical lens
of the present study. As a core concept of game design features, which all design factors
should be based upon, Shi and Shih [8] assign game goals. These kinds of goals should
provide learners with certain gaming experiences to inspire them to, for example, explore
game content and also for them to experience satisfaction of achieving goals of the game.
Hartmann and Klimmt [30] point to that gaming achievements, in general, means that
the learner gains some kind of power, gathers game objects, or competes with others.
Game goals from a learning point of view stipulate how such experiences may relate to
curricula to support specific learning goals. In other words, game goals resonate with
teaching objectives and the experiences these objectives are supposed to provide for the
learners. The overall game goals can be divided into three categories, gamemechanisms,
game fantasy, and game value [8] and will be further elaborated in the below text.

Game mechanism refers to how the game enables a learner to smoothly navigate in
the virtual game world. This means that the learner, through interacting with the game,
can experience how it is triggered to generate relevant feedback [8]. Froma learning point
of view, the game’s interface becomes a crucial design feature, for example by displaying
hints on the screen and providing game characters that can assist and guide the learner
throughout the game. In other words, the design feature of interaction determines the
learner’s gaming process and provides feedback and, in this way, allows for the learner’s
autonomy. This kind of autonomy enables the learner to, for example, create, select, and
change, increasing his or her sense of engagement [31]. As such, game mechanisms and
its subcategories of interaction and autonomy are influential to learning processes [32].

Game fantasy involves a game’s environment and background. From a game-based
learning perspective this means that elements of the game must be integrated into an
imaginary world, where the learner becomes immersed in the game. This means that the
learner’s experience is closely related to the game fantasy feature. This is also where the
game’s narrative becomes a key as it describes what happens in the game world [8]. For
games that target learning, narrative is important to provide the learner with informative
knowledge. However, Shi and Shih [8] and Hoffman [33] highlight the importance of
having the teaching aspects well connected into this rather than being added and thereby
disconnected. Thus, teaching content should match the narrative to establish a game
that in a meaningful way supports learning [34]. Sensation constitutes another aspect of



124 J. Sjöberg and E. Brooks

a game’s fantasy and, based on the narrative, it refers to audio and aesthetics, such as
graphical elements, which is supposed to increase the learner’s motivation [35].

Game value attracts learners to start playing the game and represent special features
that only exist in the game and as such they are the reason why a game is experienced
as joyful [8]. Expressed differently, game value is a core factor for learners to generate
motivation and engagement [36]. To obtain game value, the learner achieves rewards by,
for example, managing tasks and challenges, and reaching goals. Challenges must be
meaningful for the learner to generate game value and should be considered in regard to
the learning objectives that are in focus as well as to the learners’ skills [8, 32]. Sociality
as a game feature is vital to nurture collaborative learning. A game can be designed for
sociality through, for example, its interface to support communication or competition
between learners. This is done through a game’smechanism [8]. In other words, sociality
needs to be designed to elicit learners’ collaborative activities.

In the context of the present study, we have involved primary school teachers,
preschool teachers/leader, and a teacher educator to evaluate digital games targeting
learning in classroom settings. We have asked them to consider different games’ learn-
ing objectives, interface design, aesthetics, game mechanisms, and game values. These
are vital factors of DGBL for teachers to choose a specific game and for learners to enjoy
learning while playing a digital game. This and other methodical issues will be further
elaborated in the following text.

4 Method

The present study is based on qualitative research including two creativity workshop
cases (Case 1 and Case 2) designed to provide a framework for primary- and preschool
teachers to assess potentials of digital game-based learning. Accordingly, a number
of selected apps in the areas of math, language, and science were introduced to the
participating teachers aligned with an assessment framework to value the apps’ learning
designs in terms of content and form. They were divided into groups to choose a game
and to jointly evaluate this game.

Case 1 included nine female primary school teachers from schools in south-west
Halland, Sweden. The nine teachers (three from preschool and six from primary school)
were divided into three groups (two in group 1, four in group 2, and three in group 3).
The group of four teachers included teachers from the same school and teacher team. The
remaining groups included participants from different schools. Case 2 included three
male participants, a preschool teacher, a leader of preschools, and an assistant professor
in a teacher education programme focusing on mathematics. In addition, a female toy-
and game designer participated in Case 2. The Case 2 participants worked together in
one group.

Each group had a designatedworkstationwhere a fixed camera facing the table centre
was set up and recorded the activities at each workstation. In total, we gathered 400 min
of video data. Additional 80 min of video data from Case 2 were lost and, therefore, the
four participants in Case 2 were interviewed a while after the workshop to capture their
further insights on the topic of DGBL in classroom settings. In addition, the empirical
data consist of the participants’ final presentations as well as field notes by the two
authors.
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4.1 Apparatus

The teachers received some background material before starting the game app work-
shop. First, they got a general introduction to game-based learning, for example that it
is not a new phenomenon, but has been around for decades. Chess, for example, was
used in the middle Ages to teach strategic thinking. Further that the origin of preschools,
mid 19th century, was based on Friedrich Fröbel’s ideas about learning through games
and play. In addition to this, the introduction included some general information about
game mechanics and their implications in a learning context, for example that a game-
based approach is based on rules, clear goals and includes choices that end up with
different consequences. A game designed for learning is supposed to offer opportunities
for teachers and students to collaborate around specific game contents and in this way
add depth and perspective to the student’s gaming experience. However, even though
students, in general, spend lots of time on digital game play, this does not automati-
cally mean that they appropriate the learning that teachers have assigned to a DGBL
session. Finally, the teachers were introduced to the purpose of different kinds of games,
for example winning games, achieving goals games, collaborating games, explorative
games, and problem-solving or strategizing games. After this introduction, the teachers
were divided into groups and started the workshop activities.

4.2 Procedure

The workshop was divided into four parts, where in particular parts two and three beside
a research goal also targeted to serve as a method that the participants should be able to
use also after the workshop. This is due to the fact that our previous study [14] showed
that teachers ask for knowledge about and framework for assessing teaching and learning
values of digital games. Thus, our method applied in part two and three of the workshop
included questions about the game’s design aswell as its teaching and learning potentials,
i.e. considering a combination of both game and learning designs. Table 1 illustrates the
design of the workshop.

Table 1. Workshop design

Time Activities

14:00–14:15 Introduction of the workshop and selected apps. Establishing the workshop
framework and climate

14:15–14:30 Workshop part 1: Exploring the different game apps

14:30–15:20 Workshop part 2: Playing and assessing the chosen game app focusing on game
design and teaching and learning potentials

15:20–16:10 Workshop part 3: Development of a teaching activity by means of the chosen
game app

16:10–17:00 Workshop part 4: The groups present their resulting teaching activity for each
other arguing for their design choices. Closing and evaluation of the workshop
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The introduction of the workshop consisted of clarifying definitions of DGBL as
well as the goal of the workshop. Moreover, the chosen game apps were presented to the
participants. Considering our previous study [14] where we identified that digital games
primarily were used in the fields of mathematics, language, and science, these became
the areas of apps for the present workshop. Tables 2 and 3 describe the specific games
in Case 1 (Sweden) and Case 2 (Denmark).

Table 2. Game apps used in Case 1 (Sweden).

Swedish language Mathematics Science

Spelling game (Stavningslek) Math bakery 1, 2, and 3
(Mattebageriet)

Chemist

School writing (Skolstil) Critter Corral Twitter (Kvitter)

Letter puzzle (Bokstavspussel) Scratch Jr. Butterflies (Fjärilar)

Yum letters (Yumbokstäver)

Table 3. Game apps used in Case 2 (Denmark).

Danish language Mathematics Science

Leo & Mona Reading fun
(Leo & Mona Læsesjov)

GOZOA - Play and learn
mathematics (GOZOA - Leg &
lær matematik)

The hero of nature (Naturens
helte)

The letter school
(Bogstavskolen)

Pixeline - The labyrinth of the
number master (Pixeline -
Talmesterens labyrint)

Scratch Jr.

While Case 1 included a mixture of digital games and digital tools, Case 2 included
only digital games.

In the workshop part 1, the participants had time to test the different apps and choose
one of them to assess as well as to design a teaching activity. This was followed by a
longer session (workshop part 2) where they should more in detail play and assess the
gamedesign to get ideas about how the game could be used for a specific teaching activity.
This part of the workshop was assisted by a list of questions to guide the evaluation:

• What is the goal and value of the game - is it clear and pedagogically convincing?
Why or why not? What kind of learning goals can the game cover?

• The game interface - is it easy and efficient to navigate?
• What are the rules, control and other mechanisms of the game? How can the player
learn and understand those rules and mechanisms?

• Is the game balanced by offering different game levels? If so, in what way?
• What kind of mechanisms or values would encourage the child to play it again?
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• In what way has the game an aesthetic value?
• What kind of game - Is it based on exploration, problem solving, contesting, or a
mixture?

• In what way is the game engaging, motivating?
• As a pedagogical expert, would you use this app in your teaching activities? Why or
why not?

Part 3 of the workshop had designated time for the participants to develop a teaching
activity which should be based on the chosen app. Here, they did not get any guidelines
but were told to apply their pedagogical knowledge and competence, in particular related
to the learning goals that would apply to the chosen game (Fig. 1). This was followed
by workshop part 4, where the participants presented their digital game-based teaching
activity design for each other and argued for the included choices, game design features
as well as pedagogical benefits and/or restrictions (Fig. 2).

Fig. 1. Participants from the Danish case developing DGBL designs.

The participants were informed about the study in writing and agreed to having the
workshop sessions video recordedby signing informed consent forms. In linewith ethical
guidelines, all names of the participants as well as of their workplaces are anonymized,
and accordingly no identifying information is provided.
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Fig. 2. Participants from the Swedish case presenting their DGBL designs.

4.3 Data Analysis Approach

The methodological approach used in our analysis of the video recordings originates
from discourse theory [37–39], and partly from discursive psychology [40, 41]. Within
discourse analysis, language use is formed in social contexts and viewed as a tool by
which people construct the social world [37–39]. These processes are performed in a
non-mechanical and heterogeneous way, and according to Fairclough [38], numerous
discourses coexist and contrast each other as well as compete with one another in various
social domains.When it comes to discourse analysis, language and language relations are
referred to each other in understanding the reality of social actions, where the individuals
are the actors who produce the discourses. The focus can be both on micro- and macro
perspectives. In the present study, however, the focus is on themicro level since it revolves
around teachers’ specific reasoning and their way of seeing and understanding the reality
in which they live, in contrast to a macro perspective that rather would illuminate a larger
area of the society. From this perspective, constructions of discourses should be examined
out of the assumption that discourses jointly created leads to certain positions and actions
aremadepossible,while other positions and actions aremade impossiblewithin a specific
practice, an assumption that stems from a social constructionist perspective [42]. The
basis of social constructionism is to study the general relationship between man and
society based on language as a significant and central tool, which means that reality is
socially constructed and that people through language construct their own world [42].
Wetherell [43] emphasizes that discourse is something that inspires and is supposed to
have a good foundation to stand on, but it is also provocative and difficult to interpret.
To assist the analysis process we followed five analytical steps (see Table 4). To get an
overview of the empirical material, the video data was transcribed verbatim (step 1).
This was followed by step 2 where we, through colour coding, identified discourses in
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the material. To identify recurring patterns of constructions, we next carried out a joint
review of the data (step 3). Out of the identified patterns we ordered them into themes
and analysed excerpts in line with discourse structure (step 4). Finally, as step 5, we
chose representative examples from the excerpts and decided which of them to include.

Table 4. Analytical steps in the discourse analysis

Steps Activities undertaken Foci guided by analysis

Step 1 Transcription of video recordings, total
material

Overall view of the material

Step 2 Colour coding of specific content Identifying discourses in the material

Step 3 Joint review to discern patterns Identifying recurring patterns of
constructions

Step 4 Organization of themes out of patterns Analysing excerpts in accordance to
discourse structure

Step 5 Selection of representative examples of
excerpts

Deciding which excerpts to include

To further help us in our analytical processwe have used a couple of discourse analyt-
ical concepts: interpretation repertoire and constructions. The purpose of interpretation
repertoire is to understand how humans and the world around them are constructed in
connection with social actions and interactions [44]. The analysis thus focuses on how
interpretive repertoires are built up and understood in a specific context through lan-
guage as action - by analysing language and how interpretive repertoires are built up
and maintained, the presupposed knowledge is thus challenged [42]. When it comes
to the concept of constructions, there is a basic principle within discourse psychology
where man is considered to be able to construct different versions of the same event and
the same phenomenon [44]. This can be regarded as a consequence of language being
constructed in different ways and it is thus not considered problematic that stories and
arguments can vary in a text. In this study, constructions refer to the teachers’ varied
ways of talking about the same thing - the phenomenon of digital gaming apps - and
how they present these variations in their discussions.

Having analysed the data, it was possible to - after the visualization of patterns and
linguistic expressions in the teachers’ discussions - identify three emerging themes in the
material: game design as persona, game design as form and game design as pedagogical
function. These themes, presented below, are connected to different perspectives of the
concept of game design and should be seen in relation to the aim and research questions
in the present paper.
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5 Results

Theme 1: Game Design as Persona
This theme is related to the discourse constructed in the teachers’ discussions about
the game’s design and the way in which they talked about it. Fairclough, [38] who
theoretically positions himself between the structural and the socio-cultural perspec-
tives, describes this discourse as a discourse practice. This should, on the one side, be
understood as a way in which game designers produce texts, and, on the other hand,
representing a socio-cultural practice, i.e. how players pick up or use the game design.
In this case, the discourse is constructed by the teachers as they reflect on the text (i.e.
the game app). This is to say that the game design itself (e.g. what kind of choices it
offers, the mechanics, whether it is a single or multiplayer game, and so on), and when
the teachers pick up this game design, they move between text and social construction
or action. When the teachers talked about the game apps, the border between the text
and sociocultural aspects blurred in terms of games/apps becoming personalized. This
is to say that the text was not only framed as a text but over-layered with subject-like
signs. A common feature that emerged in the recorded material is that the participants
often refer to the game app as “it” or “they” and in several cases in relation to personal
characteristics, as is exemplified below in Excerpt 1.

Excerpt 1:
Case 1, group 2. In this example, the four teachers in this group have individually been
trying the game app ‘Math bakery’ (amath game app) for awhile, and are now discussing
their experiences of that as well as the advantages and disadvantages with the game app
in relation to learning.

Teacher 1: If you move the cookies, you get results that are shown on the number
line in a clear way…
Teacher 2: So, yes, it is not totally dumb…
Teacher 3: Should I show mine too? I think it is clear, to... [she points to the screen]
...here we train multiplication, here I choose…different kinds of cookies, so here I
actively choose which table Iwant to train on. Then rungoes on as you also have
with stars and so on. And here it’s great, here they show the different ways…

In this excerpt, the teachers refer to the game as being ‘clear’ and not (being) ‘totally
dumb’, which are human qualities that they attribute to the game itself. In addition,
teacher 3 also refers to the game app as ‘they’ (‘they show’), which also points to
how the teachers construct the game’s persona. In doing so, the teachers construct a
discourse of the game in which the game is presented as a subject rather than an object.
In applying this kind of personalized attributes to the game app, it is worth noting the
teachers reproduced a discourse producing a kind of hybrid ‘thing’, which was inflected
by embodied attributes. This blended conceptualization of the game app is, however,
problematic as it produces an indeterminate way of talking about game apps as this is
not distinct enough to draw attention to the issue of using games in learning activities. It
is worth noting that themes 1 and 2 spanned between the teachers’ views on a game app
as a persona and the game apps’ design, i.e. what they communicate, offer, and what is
possible to do with them. This, in turn, leads to the inherent pedagogical opportunities
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(theme 3). Thus, next follows theme 2 focusing on the teachers’ perspectives on what
the game apps’ design offered.

Theme 2: Game Design as Form
A game’s structure enables learners to navigate and interact in a game, i.e. tied to a
game’s goal, this structure forms the game’s rules offering the player different choices
to navigate throughout a game. In this way, goals, rules and choices are tied to more
complex procedures that all in all form the content of gameplay. However, unlike other
media, the form of digital games still does not have an established structure, for example,
they can vary in their mechanics, narrative, scope, topic, or number of players. This can
create difficulties for teachers to determinewhat it is that constitutes a game, in particular
when it comes to educational games. Considering this, the theme ‘game design as form’,
addresses the issue whether a game actually is a game or not, and it is constructed by
the teachers’ discussions about what a game is, or what it is that constitutes a game. As
they are talking (sometimes almost negotiating) about what really makes out a game,
they are constructing a discourse of the game in which they are positioning the game
app as either a (real) game or as something else (for example a puzzle or a pedagogical
tool). This is exemplified below in Excerpts 2–4.

Excerpt 2:
Case 1, group 1. There are two teachers in this group and they have chosen the game app
‘Letter puzzle’ (a language app focusing on spelling progression) and are discussing the
qualities of it in relation to the characteristics of whatmakes out a game. Their discussion
is guided by the questions handed out in the beginning of the session.

Teacher 1: The purpose [with the game] is that the letter sounds can be sounded
together, into words.
Teacher 2: Yes.
Teacher 1:… and connect words and pictures also maybe. That this is the next step
to writing. ’What kind of game is it?’ [Teacher 1 reads from the sheet of paper
with questions].
Teacher 2: Well, you get rewards when you’re right, the balloons .... but there are
no clear rules.
Teacher 1: Is it a game at all when there are no rules?
Teacher 2: You mean if this is really a game?
Teacher 1: So, I would not really call it a game, it depends on how you define it.
It’s more of a puzzle.

In this excerpt the two teachers are reasoning whether or not the game app really is a
game or not. They are highlighting different criteria for what constitutes a game, such
as the fact that you get rewards when you are right and that there are no clear rules. The
last criterion, however, seems to weigh heaviest and they agree that the app does not
really live up to what constitutes a game since there are no clear rules.

Excerpt 3:
Case 1, group 3. Here, the three teachers in this group are discussing the app ‘Scratch
Junior’, which is more of a programming app than a game app - it is not a game in itself,
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but it admits people to make and play games with it. They are discussing what the game
app is actually about, what you can do with it, and whether or not it actually is a game.

Teacher 1: It is probably more problem solving… But there are no given problems.
It is not the case that you go into the app and have to solve different problems and
advance to different levels. That is not the case.
Teacher 2: And you should not collect points or… It is more like an educational
tool. Perhaps more that than a game.
Teacher 3: If we choose problem-solving, it is very clear. The problem is being
formulated.
Teacher 2: Yes, you decide the problem yourself.
Teacher 3: Then it can become very clear to those who will work with it. That we
do it so that we can solve this or that.
Teacher 1: Mmm. You add a purpose.
Teacher 2: But if you think about it, is it a game?

Here, as in the previous excerpt, the teachers are referring to fundamental criteria for
what makes a game (e.g. when teacher 1 talks about advancing to different levels and
teacher 2 talks about collecting points). Thus, the teachers are constructing a discourse of
the game which contains a common understanding of what (really) constitutes a game,
namely the game mechanics. Consequently, this discourse also implies a clear marking
of what does not constitute a game. According to the teachers, if a game does not have
a clear goal or gameplay and rules it is not a game.

Excerpt 4:
Case 2, group1.Like in excerpts 2–3, the teachers talk about gamemechanics, but inmore
general terms compare to the previous excerpts. They firmly state that the digital games
for young children are based on simple mechanics and, even though the technique is
available, they do not offer the needed aesthetics or explorative narratives to be regarded
as a real game. Similar to the two previous excerpts (Excerpt 2–3), they discuss this in
relation to game criteria. As detailed in the method section, case 2 teachers participated
in a follow-up interview, excerpt 4 is an extract from this interview.

Teacher 1: It is a challenge to find good games that not only focus on learning, but
also have explorative opportunities. Most of what we find includes that the child
shall manage a level in a game and if you do not manage it, then, it is just a pity.
You have to find something else to do. This creates a bit of an A and a B team
of game players. If you cannot manage a level, you are out and not part of the
playing team. Beside this, you cannot be curious about something in these kinds
of educational games. A game consists of rules, that’s how it is, you cannot be
curious about something, I mean, on something that you jump into while playing.
Teacher 2: Something that we discuss a lot, in relation to how, that you on the one
hand have the necessary technique [to develop games that are more explorative]
and, on the other hand this about right or wrong answers or choices when you
play this kind of game. And if you transfer this to pedagogical thinking, then we
come to that while playing this kind of game the child will do something right or
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wrong. And the more you make the wrong choice or answer wrong on a question
in relation to what is expected from the game design, the less explorative you
become. You’ll stop exploring. What we lately have talked a lot about in relation
to level-based games is what is called sandbox-games. This kind of game offers
exploration for you to take your own initiatives towards what you yourself think
would be exciting to do or explore. There are no right or wrong answers. Not
anything that needs to be solved in a certain way. If you cannot solve it you leave
it to another time and move on. Unfortunately, there are not so many games in this
genre. They are coming though. But where they are coming is in relation to adult
players, not children.
Teacher 1: Yes, that’s right. It is like this. In relation to technical issues, there are
many high quality, complex game alternatives for adult game players, but if we
look at it in relation to children, these games are simple, very simple. Regardless
what game you choose. There are no details like in adult games. So, children
miss out on this extra dimension, the aesthetics. Adult players can be involved in
aesthetically designed games, but not children.

The three examples in excerpts 2–4 combined show how the discourse of what a game
really is emerges in the teachers’ discussions and how they, through their speech, con-
struct a truth about games in which games are defined. While excerpts 2 and 3 acknowl-
edge the mechanics of a game design to decide whether a game is a game or if it is
something else, excerpt 4 highlights the aesthetics and narrative of a game as crucial for
meaningful games. The teachers emphasize that if a game does not offer exploration and
ignites curiosity, the game becomes simplistic in its game design and children lose their
interest and curiosity, i.e. a game is more than its mechanics.

Theme 3: Game Design as Pedagogical Function
This theme focuses on the teachers’ interpretation repertoire and construction of how
they can go about using DGBL, i.e. how the game design functions pedagogically. The
ways teachers talk about the usage of games’ in a classroom context put forward their
collaborative, practical, and subject appropriate functions as foundational. The teachers
emphasize that the collaborative function is not built into the game design, but rather
needs to be designed by the teachers as an additional function outside the games. The
practicalities related to the usage of game apps refer to that there is not a tablet for
each child, which means that there might be several children using the same tablet.
This hinders children’s progression in the game. Referring to Burr [42], this should
be understood in relation to when the teachers on the one hand consider that digital
games can support pedagogical functions (e.g. learning math) and sometimes not (e.g.
fostering progression in learning math). In addition, teachers are strongly bound to
curriculum, both when it comes to content and progression. In this way, the teachers
position themselves and create interpretive repertoires based on their own pedagogical
beliefs or on the surrounding institutional context.

Excerpt 5:
Case 1, group 2. In this excerpt the teachers are talking about how to introduce their
game app to their students in a teaching activity. The three of them have tried out the
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game apps Math bakery 1–3, and are discussing how these apps can be integrated in the
learning context.

Teacher 1: For our third graders, we would say that here you have the opportunity
to rehearse differently, because here [in math bakery 1] you do not have to go
through line-up and such, but if it had been new, you would have had to talk
about how to set up … and have a lesson first, or if you have never worked with
multiplication before. Then you would have had to go through it. But multiplication
is not put in the hands of someone who has not done it before.
Teacher 3:… if you have a lesson and say 2x6 or 6x2, it does not matter because
it is the same. I think it’s good here [in Math bakery 3], it explains a lot, you can
clearly see that it does not matter.
Teacher 1: You need to connect it to a smartboard and show them [the school
children], or that you as an adult explain. So they know what they can get out of
it. Otherwise it will just be like, now you can play a little, that they focus on the
game.
Teacher 2: Here you want them to test, so they can see how to line up.
Teacher 1: Yes, but then you have to show them and explain.

In this excerpt, the teachers highlight in what way the game app can be introduced
in a meaningful way depending on the previous experiences of the children. This put
forward the importance of the teachers role. The scenario that unfolds here is that if the
teacher does not take the lead, the DGBL will be ‘just like playing around’ rather than
instructional learning. Another matter that the teachers’ discussion draws attention to
is the material process of solving mathematical problems. Here, they underline that the
game is clear and properly explains that 2 × 6 and 6 × 2 are the same. These examples
show how the pedagogy of the game design is constructed as traces of social practice.

Excerpt 6:
Case 2, group1,where the excerpt is taken from the follow-up interviewwith the teachers.
In this extract teacher 1 is concerned that children in fact do not learn anything from
the game apps that currently are available, i.e. their pedagogical function does not exist.
Teacher 2 agrees and acknowledges that learning always happens, in particular if the
focus is on the process rather than on a specific end product.

Teacher 1: /.../ what it means when you can discover and find your own way, what
does it mean when you actually can learn something from itbased on your own
curiosity? The point relates to the existing culture around these games. The most
important is to challenge the concept around learning. There is too much learning
that is stupefying. And that is if we only look for the correct result, we risk to miss
what else is around us. Take for example mathematics. Many researchers say that
children don’t handle mathematics, they just have skills to count. They have not
learnt to understand math as a concept. /.../ And it is the same with game apps for
children. We really want to teach them something, but we focus too much on the end
result and forget to give the children opportunities to understand the surrounding
world.
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Teacher 2: Yes, one doesn’t necessarily need to focus on learning - it comes as a
bonus, no matter what. There are more opportunities for learning if one doesn’t
focus on learning. It’s a paradox.
Teacher 1: There is another kind of game that is not so apparent within game apps
for children, namely social games. Where many children can play at the same
time. Where they can explore together. /.../ That’s fascinating [to do]. Educational
games for children don’t have a child perspective. /.../ The kind of sandbox games,
for example, there are games [for adults] that have inbuilt physical laws like when
building a bridge, if it is not correctly done, it will fall apart. And I can try out
another solution /…/ These kinds of games would inspire children to learn by
collaborating or discovering.

This example illustrates that the pedagogical function in game apps for children does
not exist. The core is how the teachers’ interpretative repertoire is inflected by the socio-
cultural context within which they are situated. This context is based on regulations
and perspectives that highly acknowledge pedagogical aspects such as collaboration,
learning through exploring, acknowledging children’s interest and curiosity. Thus, this
excerpt draws attention to the significance of the sociocultural framing, both in ques-
tioning the meaningfulness of existing educational game apps as well as questioning the
culture of game designs as such.

Excerpt 7:
Case 1, group 1. In this excerpt, the teachers are comparing two language apps focusing
on spelling progression (‘Spelling game’ and ‘Letter puzzle’) in order to choose one of
them to work with. They are talking about the difficulties of the games in relation to the
children’s level of knowledge.

Teacher 1: Letter puzzle, the one with the sheep, we have that, we have used it
quite a lot.
Teacher 2: Yes, because this one [refers to the app she plays, ‘Spelling game’]
still feels a bit complicated. I think like this, that when they [the school children]
already have a hard time spelling and so the letters are hidden too…
Teacher 1: Yeah.
Teacher 2:… so that you do not even see, you must first search for the letters…
Teacher 1: Yes...well, it’s both, it can be that they think it’s a bit fun too, that it will
be… for the other is very simple, if you say you have the letters there, you only
have to put the pieces together.

This excerpt exemplifies how the teachers construct an interpretive repertoire about their
common understanding of DGBL and how it can be used pedagogically in the classroom.
In this example, their interpretive repertoire is based on the adaption of the game app
in relation to the school children’s knowledge level. Teacher 2 is concerned that one
of the game apps might be too hard for the school children, while teacher 1 points out
that it must not be too easy for the school children, and states that what is difficult
can also be fun. In all, excerpts 5–7 constitute different examples of how the teachers
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are constructing an interpretive repertoire which reflects a socially constructed ideology
about learning and how it is (best) supported for enhancement in a classroom context.

To sum up, these three themes illustrate different perspectives of the concept of game
design. The first theme, game design as persona, shows how game attributes became
personalized by the teachers by conceptualizing them as ‘hybrid things’ with embodied
qualities. The second theme, game design as form, acknowledges teachers’ views on
what it is that makes a game to a game. Here, on the one hand, game mechanics, such
as clear goals and rules, were qualities that decided if a game was a game or something
else (e.g. a puzzle). On the other hand, it was highlighted that a game is more than
its mechanics and that aesthetics and narrative of a game are crucial aspects if a game
should be a game. Finally, the third theme concluded that the pedagogical function of
game design is constructed as traces of social practice. Thiswas articulated partly through
teachers beliefs in their instructional tradition and partly through a critical approach to
current educational game apps as too simplistic in their design resulting in the fact that
a meaningful pedagogical function does not exist.

6 Conclusive Discussion

By following four groups of teachers’ pedagogical design processes while they were
evaluating and trying out different game apps, we wanted to examine how ideas about
DGBL as a teachingmethod and base for developing teaching activities were constructed
by them.Wewanted to investigate the teachers’ views on the didactic potential of DGBL.
In addition, our intention was to offer the participants a structured form to contemplate
gameswith didactic eyes.Hence,while exploring the game apps togetherwith colleagues
they were establishing an organized way of evaluating and implementing DGBL in their
teaching activities.

Related to the first research question (“Inwhatways do teachers concretise their com-
prehension of DGBL in their discussions of educational games for school children?”),
the analysis showed that the teachers’ were stuck by their preconceptions about games as
offering different learning qualities compared to their traditional teaching practice. They
tried to put the game apps into a pedagogical framework and their discussions concerned
how they could be used for activities that they used to implement. Thus, they identified
limitations of the game apps as they did not supply traditional activities. However, the
teachers try hard to understand the principles of games, but run into problems when they
find that they are not completely compatible with traditional methods. This confirms
related work [15] highlighting that teachers are competent when it comes to qualities of
traditional teaching material, but not so much about how digital games can foster learn-
ing. Squire [15] also points to another problematic side of DGBL, namely that designers
are knowledgeable in developing inspiring games, but have limited knowledge about
designs for learning. Related to the second research question (“How are different dis-
courses about the learning process and/or didactical potential in relation to digital games
constructed in teachers’ discussions while assessing game apps?”), one of the groups
pointed to that designers’ limited competence of games for learning also influenced the
games’ design resulting in games with little or no relevance for teaching activities. In
this regard, it is arguable that DGBL concerns more than an effective game mechanics,
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which is confirmed by related work [8], which points to the importance of game narrative
and game value in terms of, among others, sociality.

6.1 Implications for the Field

Wealready know that, for instance, Nordic teachers for various reasons do not useDGBL
to any great extent in their teaching [14]. The most evident reason is that they lack the
knowledge about both the gaming context itself and about what it might enable in terms
of learning potential, hence more knowledge about DGBL is needed for teachers to
increase the use of games in school teaching. Accordingly, we argue for the necessity
to view DGBL as an alternative method to be considered based on its specific attributes
rather than approaching it in terms of traditional ways of teaching. Otherwise there is a
risk that digital gaming aspects of learning disappear into a fuzzy pedagogical framework
and the gaming aspects thereby become as fuzzy. This is to emphasize that the two-sided
problem expressed by Squire [15] risks to become evenmore complex considering that it
might be that both teachers’ and designers’ competences are tied to traditional qualities
of pedagogy respectively game design instead of putting on new spectacles and consider
DGBL for what it is rather than something traditionally framed.

We found that our workshop design encouraged a discussion and insight into games
and their learning potential among the participating teachers- which it looked like they
did not initially have - and we argue that our workshop design actually facilitates the
use of DGBL as well as reduces the gap between games and pedagogy. Furthermore,
the game apps used in our workshop design were chosen on the basis of what types
of games people usually use [14] which we wanted the teachers to choose from, based
on their own interest. This was related to the idea that they, in the workshop, should
design a teaching activity which included the chosen game app and which they were
going to carry out in their respective classroom. The next step to further this research
is to perform follow up-interviews with the participating teachers in order to investigate
how their teaching activities actually unfolded in the classroom.
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Abstract. Interactive story apps are becoming popular, especially among chil-
dren. Due to its multimodality, interactive story apps offer a good opportunity to
promote the development of cognitive and language skills. Here, we present the
theoretical framework and the initial design decisions that support the development
of a pedagogical game, which aims at enhancing students’ reading competences
related to multimodal texts. The game complementsMobeybou in Brazil, an inter-
active story application directed to pre and primary school children and a digital
manipulative that aims at promoting young children’s literacy, especially focusing
on the development of language and storytelling competences in the context of
multiculturalism. The development of the game follows a design-based research
methodology and a user-centered approach. The conceptualization and the devel-
opment of the game, as well as of the Mobeybou story app, are informed by
theories of embodiment, socio-constructivist and constructionist theories, as well
as multiliteracies and multimodality theories.

Keywords: Gamification · Interactive story apps ·Multimodality · Children
playful learning

1 Introduction

Mobile devices have infiltrated our daily environment like no other previous technology
before [20]. Their learning and interactive functionalities make them popular among
young children, who often make their first contact with literature and other subjects
through such devices [18]. Although interactive story apps have similarities to printed
picture books, the multimodal nature of both is different: while the use of printed pic-
ture books predominantly implies a combination of the verbal and the visual modes,
story apps usually include auditory, tactile, and performative dimensions [18]. Due to its
multimodality, interactive story apps have the potential to offer a unique reading expe-
rience, stimulating and conveying information through the visual, auditory and sensory
channels [14]. Given that the comprehension of an interactive story app requires specific
reading skills and strategies, it is necessary to develop pedagogical materials and tools
that support the development of student’s reading competences related to multimodal
texts.
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Taking advantage of the opportunities offered by this new kind of text and the neces-
sary skills to read amultimodal text, this study uses gamification concepts, inserted into a
pedagogical game, to scaffold student’s reading competences. The game aims at provid-
ing opportunities to expand and reinforce the knowledge developed during the reading
of the story app in a playful way. In this paper, we present the theoretical framework and
the initial design decisions that support the development of the game.

2 Gamification in Educational Contexts

According to Deterding et al., “Gamification is the use of game design elements in
non-game contexts” [6, p. 2], even though gamification is sometimes misunderstood as
learning through games [2]. At this point, it is important to highlight that this does not
mean that learning through games is not possible. In fact, the notion of ‘serious games’
emphasizes such possibility: “A serious game is a game inwhich education (in its various
forms) is the primary goal, rather than entertainment” [17, p.17]. However, gamification
does not imply exclusively a game environment, since its aim is to encourage the user to
use the gamified system [16], which can be a game, a task, a questionnaire, and so on. In
otherwords, gamification aims to involve andmotivate people through concepts normally
found in games, such as feedback, route, score, and competition [7]. The effectiveness of
gamification depends on the correct use of its concepts, which can involve participants
to an extent that they willingly perform more complex and time-consuming tasks [2, 3].
Furthermore, gamification rather than just the use of game concepts, presupposes the
use of game design [5].

2.1 Gamification Concepts

As referred in the previous section a gamified system is composed of concepts that origi-
nally belong to games [12]. Based on the orientation proposed by [12], below we list and
explain themost frequently used concepts of gamification, that is, points, levels, achieve-
ments, feedback, ranking, missions, integration, engagement loops, customization, rules
and narrative.

– Points: Are used to quantify the user’s actions;
– Levels: Provide the perception of progress in the game;
– Achievements: Are visual representations of the objectives that have been reached;
– Feedback: Is a positive or an indicative reinforcement about the user’s performance;
– Ranking: Is used for comparison between people who are participating in the gamified
activity, often generating a feeling of competition among them;

– Missions: Are used to guide the user within the system and make it more interesting
for her/him;

– Integration: Is the ability of the system to accommodate an inexperienced user or one
who uses the system for the first time;

– Engagement Loops: Are techniques to keep the user motivated and willing to use the
system again;

– Customization: Allows the user to modify specific items within the game environment
according to her/his preferences;
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– Rules: Define how the user should use the system, or which permissions s/he has;
– Narrative: Is used to guide the user and encourage him/her to act as expected.

Considering these concepts and guided by our learning goals, we select the concepts
that best fit the purpose of our game. The selected concepts go beyond points, ranking
and achievements since we use gamification as a learning scaffold and not to promote
competition among the users. Therefore, from the concepts presented we chose seven
to integrate in our game, namely, levels, points, achievements, feedback, customization,
rules and narrative. The way in which these concepts were used will be clarified in
Sect. 4.

3 Contextualization

This paper presents the motivation, design and conceptualization of a pedagogical game
that complements an interactive story application, Mobeybou in Brazil, which is part
of Mobeybou1, a set of digital and tangible pedagogical materials directed to pre and
primary school children [21]. These materials aim at promoting young children’s liter-
acy, especially focusing on the development of language and storytelling competences
in the context of multiculturalism. The development of the materials and the game fol-
lows a design-based research methodology and a user-centered approach [1], involving
the target users during several development phases in a cyclical process of designing,
testing, redesigning and testing again. The conceptualization and the development of
the materials are informed by theories of embodiment [11, 15], socio-constructivist [19]
and constructionist [10] theories, as well as multiliteracies and multimodality [8].

3.1 Mobeybou in Brazil

Mobeybou in Brazil presents a story that narrates Iara and Kauê’s adventures in Brazil.
The application includes a geographicalmap ofBrazil, a 360° environment that replicates
a famous street in Brazil, the Avenida Paulista, a puzzle, a page with augmented reality
and an incorporated glossary that explains keywords from the story. Children can choose
to read the text on their own, listen to the story being read by the default narrator (which
also functions as a model reading) or use the integrated recording function to create,
record and listen to their own (or a family member or friend’s) personalized reading.
The recording function supports several audio files, which are then stored in the app. The
map helps situate the country in the global world map, as well as the five Brazilian socio-
demographic regions. Togetherwith the conveyed knowledge aboutBrazil, e.g., location,
food, traditions, the interactive areas, the 360° environment and theARexperience intend
to promote a high level of body expressions and haptic interactions. Another important
feature is that the meanings in the interactive story app are represented by different
modes (e.g.: texts, images, sounds, animations, possibilities of interaction) having a
complementary relationship and creating several layers of interpretation. It is possible
to assert that this text is a complex semiotic ensemble, in which different semiotic
resources (modes) are combined to create an orchestrated whole [13].

1 http://mobeybou.com/.

http://mobeybou.com/
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Considering multimodality as one of the key meaning-making features in the design
of digital texts [4], we argue that the comprehension of an interactive story app requires
specific reading skills and strategies. In this sense, the pedagogical game presented in
this paper represents one possible answer to this demand.

4 GamAll

4.1 Methodology

As previously referred, this investigation follows a design-based research methodol-
ogy, encouraging collaboration between participants and researchers [1, 22]. Several
methodological procedures are necessary in order to accomplish our main goal, such as:
(i) conducting an extensive bibliographic research; (ii) establishing the learning goals;
(iii) selecting the gamification concepts that are going to compose the pedagogical game;
(iv) detailing how each concept will be explored during the game; (v) conducting the
visual and graphic development; (vi) implementing the game (which presupposes a cycli-
cal development focused on designing-testing-improving the game prototype); and (vii)
validating the game through empirical investigation. The main learning goal is to scaf-
fold students’ reading competences of multimodal texts. Steps (iii) and (iv) are presented
in the next section.

4.2 Description of the Game

The choice of gamification concepts to design the pedagogical game was motivated by
some of the most cited concepts and the ones that have shown better results to engage
and motivate the participants [9], as well as by our learning goals.

Considering the age of the target audience, pre and primary school children, the
chosen concepts are easy to understand and do not encourage competition among users,
but rather collaboration in order to achieve the goal of expanding and strengthening
the knowledge developed through the reading of the story app. The game, still in the
development phase, includes the gamification concepts presented below.

– Levels: The game is divided into five regions, (Fig. 1, left), which correspond to the
socio demographic regions of Brazil. In each one, there are challenges that address
specific characteristics of the region, expanding the information conveyed through the
reading of the story app. It is important to highlight that the information about the
regions is presented in the story through different modes (visual, aural and haptic),
so the game also explores how each mode is understood (or not) by the user. The
existence of levels, as presented in the previous section, brings a sense of continuity
and progression in the game.

The design for the games in each of the five levels reinforces the multimodal app-
roach. Level 1, for instance, prompts the users to identify objects that are presented
mainly through the visual mode in the story (Fig. 2(I)). Level 2 invites the users to
discover story elements that were presented through the interplay of verbal and visual
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modes (Fig. 2(II)); Level 3 challenges the users to pair sound and object, exploring ele-
ments presented through aural mode during the story (Fig. 2(III)). Finally, Level 4 asks
users to match animals and their habitats, addressing the information presented through
the interplay of verbal, visual and aural modes (Fig. 2(IV)). Figure 2 presents the initial
design for some of the game level’s.

Fig. 1. The map with the levels of the game (left), characters’ options (right)

– Customization: The participant will have the opportunity to choose one of two charac-
ters to accompany her/him during the trajectory of the game, (Fig. 2, right). S/he will
also be able to choose the language (Portuguese/English) of the story, and, finally, the
user can decide to listen (or not) to the oral narration. The possibility of customization
is a way to help the user to identify with the game.

– Points: Regarding the points, we choose the star format, because it is simple and
easy to understand, considering the target audience. The score is divided into three
categories:

One star: If the participant does not successfully complete at least 60% of the chal-
lenges in a level, s/he will not be able to move to the next phase. So, s/he gets one star
and is invited to read the pages about that region in the story app. After reading, the user
can try to overcome the challenges again.

Two stars: When the participant gets enough points to advance to the next level, s/he
gets two stars.

Three stars: If the user successfully completes more than 80% of the challenges on
a level, s/he gets three stars. In this case, in addition to advancing to the next level,
s/he receives a reward. The rewards are elements (characters, animals, objects, musical
instruments) that are part of other story apps from the Mobeybou set of pedagogical
materials.

– Achievements: As explained above, at the end of each level completed with three
stars, the user receives a reward. Besides, at the end of the route, if the participant has
three stars in all levels, s/he can access and download a file with augmented reality
figures from another story app that are part of the Mobeybou pedagogical materials.

– Feedback: Along the game play the user will receive instantaneous feedback and, if
necessary, an aid to improve the score, according to the number of stars collected at the
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Fig. 2. Initial designs for the some of the game level’s: (I) identifying objects related to the story
(top-left), (II) discovering the story element (top-right), (III) pairing sound andobject (bottom-left),
and (IV) matching animals and their habitats (bottom-right)

end of each level. Depending on the users’ performance, there will be different kinds
of feedback, such as instructions that highlight the semiotic resources used during the
meaning-making process, as well as hints that emphasize the relations between each
mode, which will be presented during the different challenges in each level. Little tips
of extra knowledge will be offered for the users that solve the game. smartphone

– Rules: The rules of the game are defined by the score the participant obtains at each
stage, a minimum score is required to proceed to the next stage.

– Narrative: The character chosen in the customization will guide the user throughout
the game. Besides, there is a narrative that contextualizes the levels and the challenges
the users need to overcome.

5 Conclusion and Future Work

Technologies like smartphones and tablets are already commonly used in educational
contexts. Besides, themultimodal nature of digital texts is present inmost digital environ-
ments.Meanwhile, gamification has proven to be quite powerful as an assistive technique
for students, when it comes to motivation and engagement.

In this paper we propose a dialogue between digital environments, multimodality
and gamification for the development of a game that aims to reinforce the knowledge
constructed through the interactionwith an interactive story app for children. Futurework
includes: the development of various low-fidelity game prototypes thatwill be testedwith
the target users, aligned to a design-based methodology; the empirical research of the
acceptance of gamification along with multimodality; and, as a final goal, the expansion
of the developed game to a framework to guide the development of educational games
to support multimodal reading skills.
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Abstract. Collaboration is an important skill for children to learn. In
this paper we present a small-scale study exploring how technology can
be used to elicit collaboration between children. We developed a proto-
type of a tablet-based robot (‘surfacebot’) that tried to perform a specific
task, while children acted as tutors by giving feedback on the surface-
bot’s actions. The surfacebot used the feedback to improve its actions by
means of reinforcement learning. A pilot study with an early prototype
showed that children were engaged and provided consistent feedback to
the surfacebot, but showed little collaboration. Instead they made indi-
vidual decisions and took turns in providing feedback. Based on these
observations we made several changes to the prototype that were meant
to stimulate collaboration between the children. In our main study with
the revised prototype, we measured collaboration using an annotation
scheme based on a collaborative problem solving framework. The results
suggest that the revisions of the prototype indeed led to more extensive
collaborative behavior, with 4 of the 9 participating pairs of children
establishing a division of roles that necessitated perspective taking and
mutual exchange of information.

Keywords: Collaboration · Primary school children · Learning robot

1 Introduction

Collaboration, referred to as a 21st century skill [1,5], is an important skill for
children to learn since it relates to critical thinking, meta-cognition and moti-
vation [14]. Improving a skill requires practice, and there might be a long-term
education gain when children discover collaboration for themselves [2]. It has
been shown that beneficial effects regarding learning and development, particu-
larly in the early years or primary education, can occur when children work in
pairs or small groups [25]. Furthermore, self-esteem and attitudes towards others
are mentioned as beneficial outcomes of collaborative learning in the classroom
[4,21]. But collaboration can be challenging for young primary school children,
as children below the age of 7 have not yet developed all of the cognitive skills
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required for effective peer collaboration, such as recursive perspective taking
[26]. Therefore, this study focused on using technology to foster collaboration
between children.

To encourage collaboration between children, we devised an interactive tech-
nology concept with a robot as a teachable agent. Computer agents taught by
children are known as teachable agents [3]. As our teachable agent we used a sur-
facebot, see Fig. 1. Surfacebots were originally developed as affordable, mobile
and flexible robots to be used in collaborative storytelling activities on a non-
digital tabletop [6]. A surfacebot has two parts: a tablet and a base with wheels,
making it capable of movement, sound and visual representations. The tablet
can be used as a character display [24] and as an interactive interface [7].

Fig. 1. The surfacebot as used in our study.

Our objective was to explore how an activity with a surfacebot can be
designed to encourage collaboration between pairs of primary school children. We
expected that primary school children could benefit from settings that encour-
age social interactions and collaboration, in particular children in the age of 5–7,
because their collaboration skills start developing [2]. Our main research question
was: How can the capabilities of the surfacebot be utilized to create an engaging
activity that effectively encourages collaboration between children? In order to
answer this question, we iteratively designed prototypes and tested them with
children. We also developed an annotation scheme based on the framework for
collaborative problem solving skills by Hesse et al. [11] for evaluating the level
of collaboration between children during an activity.

Firstly, in Sect. 2 we describe several applications designed for collabora-
tive activities. Section 3 describes our first concept to stimulate collaboration
between children using the surfacebot. In the pilot study (Sect. 4), the degree
of collaboration between children using this prototype is explored. The findings
from the pilot study lead to a second version of the prototype (Sect. 5). In the
main study (Sect. 6), we analyzed the level of collaboration using this new pro-
totype. We end with a discussion of the results (Sect. 7) and our conclusions and
recommendations (Sect. 8).
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2 Related Work

Much work on collaborative technologies for children has been carried out in
the context of creative applications such as collaborative storytelling for chil-
dren [10]. Early examples are KidPad and the Klump: storytelling technologies
that allowed children to work independently, but encouraged collaboration by
providing added benefits of collaborative actions in terms of efficiency or fun [2].
A more extreme approach to collaboration was taken in the Story Table system,
which forced children to work together by requiring multiple-user touch actions
(performed by children simultaneously) for certain crucial operations [28]. In
a non-storytelling context, Woodward et al. tried to encourage collaboration
through role division in a digital tabletop game for children [27].

Some work has been done on collaborative storytelling for children with
robots moving on a tabletop. An example is RoboTale, of which the main char-
acter is a robot similar to the surfacebot. RoboTale successfully stimulated col-
laboration among small groups of school children in the form of passing tangibles
to each other (prompted by the size of the table and scarcity of resources) and
discussing the plot of the story they created together [15]. Earlier work using
the surfacebot as a teachable agent had it as the main character in a playful
story-based activity, traveling around ‘in France’ (on the tabletop) and being
taught French words by pairs of children [24]. In this activity, collaboration was
enforced through a fixed role division, where one child was teaching the words
to the surfacebot, and the other child was moving the surfacebot.

Other research on robots as teachable agents explored how children perceive
and correct the handwriting of a robot. A study with 24 children (aged 7–8)
acting individually as handwriting tutors of a Nao robot showed that these
children paid attention to the learning of a robot and were capable of providing
corrections using a slider or by demonstration [8]. For a survey of studies with
robots as teachable agents for children, see [13].

A major inspiration for our work was Sophie’s Kitchen [22], an application
featuring a virtual agent (Sophie) that learned from human feedback how to bake
a cake, using a reinforcement learning algorithm called Q-learning. Experiments
were carried out with different versions of Sophie’s Kitchen, to investigate how
adult users wanted to teach the agent. The first experiment allowed users to
provide feedback using a slider. The results showed that being able to guide the
agent’s attention through feedback resulted in a faster learning interaction, com-
pared to only providing feedback after the fact. In another experiment Sophie
used gazing behavior to indicate which action she was about to take (‘trans-
parency behavior’). This led to people providing guidance more often when it
was required and less often when not. Another version of Sophie had so-called
‘undo’ behavior: retracting an action (if possible) after receiving negative feed-
back. This was shown to further improve the learning behavior of the agent.

Our work combines various aspects of these prior works, while also showing
some important differences. Our teachable agent is like Sophie in that it uses
Q-learning to learn from human feedback, but our users are pairs of children
instead of individual adults. Like [8,24] we use a robot as our teachable agent,
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but our primary aim is not learning-by-teaching but stimulating collaboration
between children through the teaching activity. Finally, like [2,15] we try to
nudge children into collaboration through the design of the activity, instead of
forcing it like [28].

3 First Prototype

Collaboration involves a “mutual engagement of participants in a coordinated
effort to solve a problem together” [20, p. 70] and is affected by the structure and
design of a task [14]. We kept this in mind as we developed a first prototype of
a collaborative activity with the surfacebot as a teachable agent. To encourage
children to collaborate while teaching the surfacebot, we created a story that
portrays the surfacebot as a bear called Ted (shown on the surfacebot’s tablet
screen) who wants to get dressed to go outside, but needs the help of the children
to find the right clothes as he does not know which clothes fit the weather.

The clothing items are spread across four locations on the tabletop, each
representing a different room in the bear’s house and showing several associated
items of clothing (printed on cards) associated to that location, see Fig. 2. The
surfacebot moves around these locations and selects clothing items to wear.
Children can provide feedback on the surfacebot’s actions using a slider. The
idea is that the surfacebot learns from the feedback and adjusts its decision
making based on it. At some point, it decides to ‘go outside’ indicating the end
of a round. If the selected clothes do not match the weather, another round
starts. These actions and learning ability of the surfacebot were simulated in the
first prototype.

Collaboration is characterized by a symmetrical structure: a symmetry of
goals, actions, knowledge and status [9]. Therefore the activity was designed
to have a symmetrical structure to encourage collaboration. This was done by
giving children a shared goal of assisting the surfacebot in completing its task,
as well as equal knowledge and opportunities to interact with the surfacebot.

The prototype consisted of three parts, see Fig. 3. The first part is an appli-
cation for the surfacebot’s tablet, further referred to as the ‘character display’. It
displays a bear, the clothes it is wearing and the thoughts it has; see Figs. 2 and 3
(middle). Preceding an action, the bear would think about a piece of clothing,
shown in a thought cloud, see Fig. 4(a). After 3 s, the thought disappeared and
the bear could be seen wearing the item, see Fig. 4(b). The thought cloud was
included as a ‘transparency behavior’ [22] of the surfacebot about its upcoming
actions (clothes choices). It was used to give children the time to act and to pave
the way for eventually implementing a form of undo behavior, which could lead
to faster learning of the surfacebot [22].

The second part of the prototype was the ‘reward interface’, through which
children could communicate feedback to the surfacebot; see Fig. 3 (left). It
included two interactive elements: a slider and a ‘send’ button (see Fig. 6(a)
for a more close-up view). The slider enabled children to communicate a degree
of right or wrong. The idea was that the slider could stimulate negotiation, and
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Fig. 2. Impression of the first prototype. The surfacebot with the character display is
positioned next to one of the four locations with its associated clothes cards.

Fig. 3. The three main components of the prototype. The character display is the
server, and communicates with the clients: the reward (left) and tele-operator (right)
interfaces. The communication involves (1) status of the activity, (2) value and timing
of feedback, (3) the name of next action according to the script and (4) controlling the
activity (e.g. starting the next action) and controlling the surfacebot’s movement.

Fig. 4. Character display showing (a) what clothing item the bear is thinking of, (b)
the bear wearing the item, and (c) a feedback notification (thumbs up or down).
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could be used to reach a consensus when opinions differed, for example by going
for an intermediate value. The send button was used to confirm the feedback.
When children communicated feedback, a notification appeared on the character
display, see Fig. 4(c).

The third part is the tele-operator interface; see Fig. 3 (right). In the first
prototype, the surfacebot had no learning ability yet and could not move
autonomously. In our tests with this prototype, a Wizard-of-Oz approach was
used to make it seem like the robot acted and moved autonomously and that their
feedback had an effect on the robot’s choices. The tele-operator interface was
used to control the activity and fake the autonomous behavior of the surfacebot,
following a script with sequences of actions to simulate learning. Over the course
of three rounds, the surfacebot’s actions became increasingly more accurate and
ultimately led to a set of clothes appropriate to the weather scenario.

4 Pilot Study

The first prototype was tested in a pilot study with 12 children at a local daycare
facility. The study was approved by the Ethical Committee of our faculty and
the parents of the children had given consent for their participation. The age
of the children varied between 4 and 8 years old, with an average age of 5.75
years. With the study, we aimed to validate the concept and identify areas of
improvement by getting a first impression of how children engaged, collaborated
and provided feedback in the designed activity.

4.1 Method

In the pilot study, 6 pairs of children participated in sessions of ±10 min. The
tests were conducted in a separate room at the daycare facility. Figure 5 gives a
top view impression of the setup. The procedure was as follows. First, the chil-
dren received a short introduction in which the setup, the task and how the tablet
worked was explained and demonstrated. Then they began their first round, giv-
ing feedback to the surfacebot as it was putting on clothes, until the surfacebot
decided to ‘go outside’. During the activity, the facilitator was always present to
answer the children’s questions. The children were not guided or motivated by
the facilitator to provide feedback and could stop the activity at any time they
liked. After three rounds, the children were thanked for their participation and
helpfulness. They were made aware of the Wizard-of-Oz method (the facilitator
controlling the surfacebot) used during the activity.

How the pairs of children acted and collaborated in the activity was observed
during the test, and notes were taken afterwards. The sessions were recorded
if consent for this was given by children’s guardians. Tablet interactions were
logged on the tablet to get an insight into the frequency and values of the
children’s feedback.
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Fig. 5. Impression of the setup of the pilot study. The participants started the activity
near the reward interface. The surfacebot moved between the locations at the corners
of the table. The camera, on a tripod, was located on a table next to the activity. The
facilitator also remained nearby for controlling the surfacebot.

4.2 Results

Limited collaboration between children was observed. Collaboration mostly took
the form of providing feedback to the robot in turns. There was little conflict or
negotiation about the task, but rather about who operated the tablet. Most chil-
dren decided to walk around with the tablet, which created a situation where the
activity was easily doable for one child. It allowed one child to track the robot’s
actions and communicate feedback at the same time. This may have provided
little incentive for collaboration. This is confirmed by one pair of children who
were observed to divide roles. During their session, the tablet remained on the
table. It resulted in a situation where the children relied on each other to share
information and opinions about the robot’s actions. One followed and observed
the robot while the other stayed close to the tablet and communicated feedback.

Children were observed to be motivated and enthusiastic during the activ-
ity. The logged data showed that the majority of the children continued to be
engaged by consistently providing feedback, except for one pair who were both
very young and shy (age 4 and 5). They had little communication and did not
make use of the tablet. The logged data also showed that children used the
reward interface in a binary way, with mainly extreme feedback values being
communicated to the robot. It might be due to a certain unanimity that chil-
dren had about which actions of the surfacebot were right and wrong. This made
the slider somewhat superfluous.

The results correspond to the characteristics of the developmental stage of
children aged 3 to 7 years, who are self-centered and prefer parallel play [16].
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The majority of the children were engaged in the activity and provided feedback
throughout the activity. This suggests that children could handle their role as
tutor, and remained motivated during the activity. We concluded that ensuring
a symmetrical structure [9] allows collaboration, but is not enough to elicit it.

5 Second Prototype

We modified the first prototype based on the insights obtained from the pilot in
order to encourage collaboration more effectively.

Fixed Tablet. Firstly, an important change to the setup was made by fixing the
tablet to the table. This would make observing the robot and giving feedback at
the same time more difficult, so we expected this to stimulate collaboration in
the form of a role division [27].

Improved Reward Interface. A new reward interface was created, see
Fig. 6(b). The green-red gradient represents the transition from completely right
to completely wrong. The aim was to clarify the use of the slider to encourage
more diverse feedback.

Ambiguity. Ambiguous tasks tend to foster collaboration, as disagreements
and misunderstandings can cause communication in the form of explanations
and reasons [9]. Therefore, more ambiguity was added to the activity by pro-
viding more choices between similar items of clothing. Also, the names of the
items shown on the cards were made more general to ensure they did not hint
to a certain outfit or type of weather. For example, one item used in the first
prototype had the description: “winter shoes”. This was changed to: “shoes”. It
was expected that the less specific names could lead to more discussion among
the children about the objects, which would require collaboration to provide
unanimous feedback.

Reinforcement Learning. The prototype was extended with actual
autonomous behavior of the robot, making the robot capable of choosing its
own actions. The role of the tele-operator was limited to navigating the sur-
facebot to its next location (picked by the surfacebot). The script used for the
robot’s actions was replaced by a Q-learning framework, inspired by the work
of [22]. It enabled the surfacebot to take actions and to learn from feedback. Q-
learning is a form of reinforcement learning where an agent derives the optimal
policy on how to act in the current state of its environment, given a transition
model that describes the state transitions –the state resulting from an action in a
given state– and a reward function which contains the reward received based on a
state transition. In our prototype the surfacebot’s state was based on the clothes
it was wearing. The children’s feedback determined the rewards on the robot’s
actions to maximize the cumulative reward, meaning: which clothes lead to most
positive feedback. The surfacebot decided to either explore new states or exploit
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known states. Exploration means taking random actions in order to get informa-
tion about the reward of being in a certain state. Exploitation means going for
the action with the highest reward. As action selection strategy, the surfacebot
used the epsilon-greedy [23] approach. This strategy enabled an increasing focus
on exploiting what was learned, which led to the surfacebot picking the right
clothes faster in the later rounds of the activity given that children provided
feedback regularly. In other words: at first the robot would try on clothes at
random, collecting feedback on its choices, and gradually it would focus more
on picking clothes for which it had received positive feedback earlier.

Fig. 6. The reward interface used in the first prototype (a), and the improved interface
(b) used in the second prototype. The slider can be used to determine the feedback
value. The send button below the slider sends the feedback to the surfacebot.

Undo Behavior. Also inspired by [22], an action cancelling behavior was imple-
mented to provide an immediate response by the surfacebot. If negative feed-
back was received while the surfacebot was ‘thinking’ about a certain action, the
action would be cancelled and the thought cloud would show a different action.

6 Main Study

In the pilot children were engaged and provided frequent feedback, but showed
limited collaboration in the activity with the first prototype. In the main study,
we explored to which extent the improvements made to the prototype encouraged
collaboration. To analyse the collaborative behavior, an annotation scheme was
developed for assessing the level of collaboration between children.
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6.1 Participants

The study was conducted with 9 pairs of children at a primary school. The
age of the children was between 6 and 10 years (mean = 8.00). Two different
classes were involved, but it was ensured that the pairs consisted of children
from the same class. The parents or guardians of the participating children
received a brochure informing them of the nature of the study and the data
being collected, and gave consent for their child’s participation and for video
recording the sessions.

6.2 Setup

The tests were conducted on two different days. The first day, pairs 1–6 partici-
pated in the study. One week later, pairs 7–9 participated. The tests were held
in two different classrooms, but both rooms were considered to be a familiar
setting to the children. The setup was the same as that of the pilot study.

6.3 Procedure

The procedure used in this study was largely similar to the pilot study. The main
difference was that before the start of the activity, we tried to get insight into
the level of agreement in the preferences of the children regarding the clothing
items. The facilitator told the story introducing the surfacebot, and explained
the setup and activity. Then the children were shown a list of all clothing items
and had to indicate individually which of the items they preferred. At this point,
they had not had the opportunity yet to share or discuss their preferences. We
expected that if the children’s preferences differed, they would need to negotiate
to provide consistent feedback to the robot, therefore displaying a higher degree
of collaboration. If children were completely in agreement on the items of clothing
the robot should get, the task would become unambiguous and there would be
little need for negotiation.

6.4 Annotation Scheme for Assessing Collaboration

We developed an annotation scheme to assess the level of collaboration between
children during the activity with the surfacebot. The scheme was based on the
collaborative problem solving framework of Hesse et al. [11]. Their framework
consists of indicators of social skills that form the ‘collaborative’ part and indi-
cators of cognitive skills that constitute the ‘problem solving’ part. Our focus
was on evaluating the level of collaboration between children, not their skill in
solving the task, therefore we used only the indicators of the collaborative part.

Hesse et al. distinguish three classes of indicators that subsume the social
skills: participation, perspective taking and social regulation [11]. We took their
definitions of the indicators as a starting point and adapted them to assess the
level of collaboration between two children in the context of our task, see Table 1.
Below we explain how we used the indicators, supported by invented dialogue
examples inspired by the observed behaviour of pairs in the pilot study.
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Table 1. The annotation scheme used in the main study. Each indicator is listed
followed by the definition of Hesse et al. [11], and our interpretation of it in this study.

Indicator Definition Description

Participation

Action Acts within environment A child operates the tablet e.g.,

sends a reward

Interaction Interacts with, prompts and

responds to the contribution of

others

A child interacts with the other

child

Perspective taking

Adaptive

responsiveness

Ignores, accepts or adapts

contributions of others

A child responds to the

contribution of another child e.g.,

disagreeing with a reward sent

Audience

awareness

Awareness of how to adapt

behaviour to increase suitability

for others

A child shares information that is

not available to the other e.g.,

what action the robot thinks of

Social regulation

Negotiation Achieves a resolution or reaches

compromise

A child attempts to reach an

understanding with the other

child e.g., about the value of the

reward

Self evaluation Recognises own strengths and

weaknesses

A child vocally reflects on an

(inter) action regarding the

activity

Trans-active

memory

Recognises strengths and

weaknesses of others

A child vocally reflects on an

(inter) action of the other child

Responsibility

initiative

Assumes responsibility for

ensuring parts of task are

completed by the group

A child makes an effort to involve

the other child in the activity

Participation. This class consists of the indicators action and interaction.
Action was described as “participation of an individual, irrespective of whether
this action is in any way coordinated with the efforts of other group members”
[11, p.42]. In the context of our activity, we defined actions as the possible inter-
actions with the robot, i.e. operating the reward interface. Interaction takes
place when children respond to a contribution of another child, i.e. a comment,
question or action. The action and interaction indicators served to provide us
with an estimation of the level of the children’s engagement with the activity
and with each other during the experiment. A third indicator for participation in
the framework is task completion [11]. This indicator was not applicable in our
case, since children were only tasked to provide feedback and the robot decided
when the task was completed.

Perspective Taking. The indicators of this class are adaptive responsiveness
and audience awareness. It is considered adaptive responsiveness when a child



Designing a Learning Robot to Encourage Collaboration Between Children 159

accepts or adapts another child’s point of view. We defined audience awareness
as a child sharing information that was not available to the other child. For
example, if one child is the only one able to see the surfacebot’s screen, and tells
the other child what action the bear wants to take, this shows that the child is
aware of the other’s perspective, and shares the information accordingly.

Social Regulation. This class has as its indicators negotiation, self-evaluation,
trans-active memory and responsibility initiative. We defined negotiation as an
attempt by the children to reach a common understanding, achieve a solution,
or reach a compromise. An example of how children could negotiate using the
prototype:

Child A: “Item x is super wrong”, and sets slider to absolute negative.

Child B: “No, it is a bit wrong, but not super wrong.”

Child A: Adjusts the feedback slider in accordance to feedback of Child B.

Self-evaluation concerns any comments of a child on their own performance
in terms of appropriateness or adequacy in context of (inter)actions during the
activity. It indicates a child’s recognition of their own strengths and weaknesses.
To illustrate, a child could say: “I was too late, now the robot wears the wrong
jacket.” Conversely, trans-active memory is when one of the children comments
on the performance of the other in terms of appropriateness or adequacy. For
example: “Let me operate the tablet, you were not fast enough!” Lastly, respon-
sibility initiative is about involving others in the task of learning the robot. An
indication is the use of first-person plural in communication regarding the activ-
ity, for example: “We should let the bear know that it is the wrong item!” In this
study, taking responsibility was also annotated when one child encouraged the
other to take action or share information. An example of responsibility initiative:

Child A: “Item x is OK, right?”

Child B: “Yes, send the feedback!”

6.5 Identifying Collaborative Behaviour

The annotation scheme described above mostly focuses on the analysis of chil-
dren’s individual utterances. However, we felt that collaboration can also take
the form of certain types of more overarching joint behaviour between children.

First of all, we considered a division of roles to be a form of collaboration.
It happens when children divide responsibilities and a form of interdependence
arises in order to successfully complete the task. An example of a division of
roles we observed in the pilot study is that one child operated the tablet while
the other child tracked the robot and provided updates on the robot’s actions.
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Another form of collaboration is shared planning. A shared planning is estab-
lished when the problem at hand is analyzed and a mutual agreement is reached
on how to approach it. A case of shared planning in the context of the activity
would be: an agreement between children about how an action of the surfacebot
should be judged, as in the following example:

Child A: “The bear should get this jacket... and then go to the hallway.”

Child B: “No, it should get the sweater first then go to the hallway.”

Child A: “OK, jacket, sweater and then it should get these shoes in the

hallway.”

Besides a shared planning, children can also build shared knowledge by get-
ting an understanding of another child’s opinion or preferences, or establishing
a shared understanding of (an element in) the activity. It applies when a child
provides information or shares an opinion, in response to a question or statement
of the other child. An example of shared knowledge is:

Child A: “What items do you think the bear should get?”

Child B: “The jacket and the blue jeans!”

Or when roles have been divided:

Child A: “What is the item that the robot displays?”

Child B: “It is the red jacket.”

Lastly, we considered whether there was any turn taking between the children.
The pilot study showed that children occasionally took turns in operating the
tablet, or even played the game individually. Taking turns can only occur after
establishing an agreement and can therefore be seen as a result of collaboration.
However, it is not necessarily a wanted outcome. In the pilot study, turn taking
led to situations where one child temporarily did not actively participate in
the activity while the other did everything. It means they did not discover the
benefit of collaboration, but made a kind of compromise to each be in full control
of the activity for a while. On the other hand, taking turns could also occur
while maintaining a division of roles. For example, one operates the tablet, while
the other follows the surfacebot from location to location. After a while, they
might decide to switch roles. This would be a coordinated effort that maintains
the situation where children depend on each other while they both actively
participate.
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6.6 Measurements

Results were obtained via (1) observations of the video recordings, annotated
using the annotation scheme, (2) logged data from interactions with the reward
interface, and (3) the clothing preferences that were filled in individually by each
participant before the start of the activity.

The video recordings were used for assessing the level of collaboration using
the annotation scheme. They were annotated from the point the robot started
taking action until the last iteration, where the robot went ‘outside’. Our anno-
tation method was inspired by the work of Huskens et al. [12], who evaluated
children’s collaborative play by reviewing 10 s fragments of videotaped play ses-
sions for a fixed set of behaviors. A behavior that was present in the fragment
was recorded as a plus. A behavior that was absent was recorded as a minus.

We adopted a similar approach by reviewing 30 s intervals of the recorded
sessions using the annotation scheme. Since we wanted to observe the collabo-
ration between children, we opted for a broader interval than 10 s. Each interval
was annotated for the presence of any of the collaboration indicators described
above. When an indicator was observed, it was marked as positive (+), otherwise
as negative (−).

Subsequently, we determined per session a score by summing the positive
annotations of the intervals for each category of the annotation scheme. This
resulted in 8 indicator scores of which we took the average as an overall collab-
oration score. Since the sessions differed in number of annotated intervals, we
computed both the indicator score (Eq. 1) and the collaboration score (Eq. 2)
proportionally to the total number of intervals.

indicator score =
∑

annotatedpositive
nintervals

(1)

collaboration score =
∑

indicator score

nindicator scores
(2)

In the same way, we calculated class (e.g. perspective taking) scores by aver-
aging over the scores of the associated indicators. We then used these scores to
compare the level of collaboration between pairs of children.

To check the reliability of the annotation scheme, one recording was anno-
tated by two of the authors. The annotations of both authors were almost the
same, except for a few minor differences due to differing interpretations of some
indicators. Based on this, the definitions of each indicator were refined and exam-
ple dialogues were added. This resulted in the indicators described in the previous
section. Which general forms of collaborative behaviour (e.g., turn taking) took
place was determined per recording, instead of per interval.

6.7 Results

The annotations of the video recordings showed that four pairs of children estab-
lished a role division, where one operated the tablet and the other tracked the
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surfacebot. In this respect, the second prototype encouraged collaboration more
effectively, compared to the single observation of a role division during the pilot.
The biggest trigger of a division of roles was the fixed tablet, which made fol-
lowing the surfacebot and giving feedback at the same time difficult for one
individual, providing an incentive to divide roles. Figure 7 gives an impression
of the children’s positioning at the start of the activity and when roles were
divided. One child communicates feedback to the surfacebot based on the input
of the child that follows the surfacebot, who either shares information about the
actions of the robot or shares his/her opinion about the action of the robot. A
shared planning was observed for five pairs. Building shared knowledge occurred
for three pairs. Children taking turns happened for six of the nine pairs. Each
pair that established a role division also took turns. The role of operating the
tablet seemed favorable to the children, so they switched roles occasionally.

Fig. 7. The image on the left shows an impression of children at the start of the activity.
The image on the right shows that they have established a division of roles.

We annotated the recordings of the 9 sessions using the scheme described
in Sect. 6.4, with an average of 17.78 ± 3.55 intervals of 30 s per session. For
each pair of children, we calculated the average score for each indicator, as well
as average scores for the three classes of indicators: participation, perspective
taking and social regulation. We also calculated an overall collaboration score
based on the average indicator scores.

Because we suspected that the presence or absence of a role division might
have an effect on other collaboration aspects, we compared indicator and class
scores of pairs based on whether the children had established a role division
or not, see Fig. 8. Across the indicators, the pairs that had a division of roles
scored higher on other aspects of collaboration as well. This is reflected in the
average scores of the three classes and the overall collaboration score, see Fig. 9.
Most notably, the four pairs with an observed role division had a considerably
larger score for audience awareness compared to the five pairs that did not.
The way audience awareness was annotated was to a large extent aligned with
how children divided roles. Each role division resulted in one child describing
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the surfacebot’s action in situations when the other could not see the character
display, which was annotated as a form of audience awareness.

Fig. 8. The average collaboration indicator scores for pairs that established a role
division (yes, n = 4) compared to the pairs that did not (no, n = 5).

Two pairs had a very low total collaboration score, 0.14 and 0.25, compared
to scores between .38 and .54 for the other pairs. These two pairs communicated
less regarding the surfacebot’s actions in comparison to the other groups, and did
not establish a division of roles. Remarkable is that all four children in these two
pairs were 9 years old, and the oldest among the participating children. Perhaps
they found the activity too simple or childish, which resulted in less commitment
and engagement compared to the younger children. It could indicate that the
current prototype is indeed most suitable for children aged 5 to 7 years.

The use of the slider remained unchanged compared to the pilot study, in
spite of the ambiguity introduced in the task and the redesign of the slider.
Given the value range of 0 to 1 for the feedback, 78.7% of the communicated
feedback was an extreme value, either between 0 and 0.1 (37.7%) or between 0.9
and 1.0 (41%). Therefore, providing an incentive to negotiate by leaving room
for disagreement did not lead to a more sophisticated use of the slider. However,
forms of negotiation were observed where children tried to determine the slider
value together. In that sense, the slider still had added value.

We examined to which extent the children’s initial clothing preferences over-
lapped. None of the pairs had exactly the same preferences, which suggests there
was room for discussion and negotiation. However, we found no indication that
children who had little agreement beforehand showed more collaboration, neither
in the overall collaboration score, nor in the ‘negotiation’ indicator.
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Fig. 9. The average scores of each class for the pairs that established a role division
(yes, n = 4) compared to the pairs that did not (no, n = 5).

7 Discussion

Judging from the results of the main study, the second prototype seemed to
encourage collaboration more effectively compared to the first prototype. Anal-
ysis of the recordings showed a higher average collaboration score for the pairs
of children who established a role division, compared to the average score of the
couples who did not. This difference is mainly due to higher scores for the ‘audi-
ence awareness’ and ‘responsibility initiative’ indicators. These indicators relate
to sharing new information and encouraging others to take an action, which
manifested itself when children divided roles.

The collaboration scores of the pairs of children appear to be mostly influ-
enced by the presence of a role division, characterised by interdependence and
communication between children. Interdependence is an influencing factor of
collaboration [14]. Communication is described as an integral element of col-
laboration [11] and an interpersonal skill that will develop when children are
provided with the opportunities for social interaction [6]. Rather than explicitly
assigning roles to the children as in [27], we left it up to the children whether
they established a role division or not, and in what way, thus allowing them to
adopt their own collaboration style. Supporting diversity in group dynamics has
been argued to be beneficial to collaborative learning [17].

However, there are other factors that may have played a role. The children
were in a phase where social skills develop, and age may have influenced the level
of collaboration. Another factor that we did not take into account was the level
of closeness between the pairs of children, who might have been friends or just
classmates. It is therefore difficult to attribute any differences in collaboration
purely to changes made to the prototype or to an established division of roles.

Unlike earlier studies of collaboration between children [19,27], which were
purely qualitative in nature, we attempted to carry out a quantitative analysis
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based on observations. The validity of the scoring system we used still requires
further investigation. An overall score for collaboration was calculated by weight-
ing each indicator equally. However, it can be argued that some indicators are
more indicative or more important for measuring collaboration than others. For
example, ‘action’ only says something about the participation of children while
‘negotiation’ is a profound expression of collaboration that requires communica-
tion and a certain willingness of both children to listen to each other. In future
research, a method could be developed to achieve a more sophisticated collabo-
ration score. The indicators could, for example, be weighted according to their
importance or contribution to measuring collaboration.

Children aged 3 to 7 are in a developmental phase where they enjoy fantasy
[16], so an activity with a robotic character and a story can be appealing to
them. However, the second prototype seems to be mainly suited for children in
the age 5–7, since in the pilot study children younger than 5 showed limited
understanding of the activity, while in the main study children aged 9 had much
lower collaboration scores and seemed less engaged in the activity. In order to
reliably compare new versions of the prototype regarding the level of collabora-
tion displayed by children, it would be better to keep the age difference between
the (pairs of) children as small as possible.

Finally, due to the small numbers of participants we cannot draw any strong
conclusions at this stage; studies with more pairs of children are needed to con-
firm our preliminary conclusions.

8 Conclusion and Future Work

We iteratively developed a prototype of the surfacebot as a teachable robot
designed to encourage collaboration. A pilot study showed that our first proto-
type only brought about a limited form of collaboration, as most children took
turns with only one child actively teaching the robot. In the main study with a
revised prototype, multiple pairs of children established collaboration through
a spontaneous division of roles, with one of them operating the tablet and the
other providing information about the robot’s actions or sharing opinions about
them.

Although children showed enthusiasm and established collaboration while
interacting with the prototype, it was outside the scope of this research to deter-
mine if children learned or developed their collaboration skills from participating
in the activity. A recommendation for further research is to conduct a study into
the long term effect of participating in activities with the surfacebot (that are
aimed to encourage collaboration) on the collaborative skills of primary school
children. Do children who regularly participate in such an activity with the
surfacebot show improved collaboration compared to children who did not use
the surfacebot? And if children improve their collaborative skills through the
activities with the surfacebot, are the knowledge and skills transferred to other
collaborative activities without the surfacebot? Longitudinal studies could reveal
the educative contribution of activities with the surfacebot when introduced in
the classroom.
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Secondly, we recommend to redesign the activity towards a more ambiguous
and complex task that invites using the slider more and gives rise to more discus-
sion. In the current activity, children showed an understanding of the interface
and the slider’s purpose and effect. However, they mainly provided unilateral
feedback with only completely negative or completely positive values. There
was low uncertainty or disagreement about the correctness of the surfacebot’s
actions, limiting the need for negotiation.

Finally, we recommend exploring how learning material from children’s reg-
ular school subjects can be incorporated into the concept in order to optimally
exploit the learning-by-teaching paradigm, while maintaining an activity design
that encourages collaboration. Curriculum-focused design techniques could be
used to determine which educational topics and activities could benefit from our
technology [18].
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‘When everything is virtual, I feel I am
weightless in the universe, just like an astronaut,
connected to a space station, that floats round
the Earth without any grounding.’ [28]

Abstract. Increasing use of digital tools in university teaching has drawn schol-
arly attention to the interaction between pedagogical design and digital technolo-
gies. The accelerated transition to online learning following the COVID-19 crisis
has raised several questions regarding the links between technological affordances
and learning strategies, especially with regard to the role of dialogue in learning.
Based on a survey of 51 postgraduate students in a Danish university with Problem
Based Learning as explicit teaching strategy, where collaborative interaction and
dialogue are regarded as integral to learning, this study investigates how students
navigated the altered learning environment. We found that students’ experiences
with online teaching demonstrate reduced affordances for learning. They expe-
rienced decreased co-involvement in decision-making, decreased collaboration
and a changed pedagogical setup that did not support learning through discur-
sive meaning negotiations. Thus, whilst dialogues can be transformed by digital
technology, these changes are not necessarily productive within an environment
which emphasises democratic discourse. Arguably, the digital transformation will
continue to evolve and influence the quality of university teaching. Our paper
concludes by discussing the potential of democratic dialogic teaching to stimulate
learning ecologies in online and hybrid learning environments.

Keywords: Online learning · Dialogic pedagogy · Hybrid learning · Learning
ecology · Collaboration · Problem-based learning

1 Introduction and Theoretical Underpinnings

In contemporary educational thought, collaborative learning as a means to ensure col-
lective and individual intellectual gain continues to be considered beneficial, although it
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may not always lead to the intended outcomes [1, 2]. Collaborative learning is defined as
two or more students working together towards a shared learning goal [1, p. 247]. This is
distinct from cooperation in which students work separately with portions of the task that
are later fused into a comprehensive product [3]. Common to collective and collaborative
learning activities is that participants are assigned a problem and asked to work together
to achieve a solution [1, p. 248]. Problem-based learning (PBL) is a pedagogical design
in which students in groups engage actively in problem-solving and thereby extend their
knowledge and co-create a solution to the given problem. In this collaborative activity,
inquiry entails the critical analysis and synthesis of new information gained when con-
fronting opposing discourses. This meta-reflection as a collaborative practice in which
students develop dialogic argumentative thinking and writing competences reflects the
core of dialogic pedagogy [4, 5], which values the heterogeneity of knowledge, of lan-
guage and of reasoning [6]. An epistemological definition of dialogue is that it offers a
theory of meaning. It implies that education should be designed to engage students in an
ongoing process of shared inquiry that takes the form of a dialogue [7]. An ontological
definition of dialogue is concerned with the very nature of our existence. Dialogue is
not only a means to construct knowledge between selves, rather, selves and reality are
part of the dialogue. These two different understandings of dialogic education focus on
transforming the self, reality or social reality [8].

Dialogic pedagogy has primarily been described in relation to school contexts and
with a focus on classroom teaching. Here, it is deemed as a participatory imperative
[9, p. 1998] as it aims to develop and legitimise participation from all parties in class-
room interactions [10]. Only a few studies have described dialogic pedagogy in online
contexts. One of these is Simpson [11, p. 136], who argues that when social networks
are added to the learning context, then it is the teacher’s responsibility, ‘through the
explicit and focused use of critical reflective dialogic practices’ in activities aligned
with required outcomes, to provoke students to value the role of dialogue in their own
learning. Thus, the teacher is active and responsible for enhancing learning. However,
democratic pedagogical purposes can be challenging. Aiming to foster each student’s
agency and participation in the construction of shared classroom understandings means
that all students should be positioned as capable collaborators. The idea that humans
through education develop their capabilities of agentic and autonomous action and that
education is key to empowerment and emancipation has been central since the Enlighten-
ment [12, 13]. Whereas agency in past decades has been theorised rather one-sidedly in
the structure-agency debate, as have the factors that promote or hinder agency [14–16],
in this paper we focus on the ecological conditions which impact the achievement of
agency. This action—theory approach is based on Dewey’s so-called transactional con-
structivism [17, 18] meaning that the transaction between organism and environment can
be read as an account of the construction processes that lie beneath all human activity.
Within this understanding, agency is seen as the way in which actors ‘critically shape
their responses to problematic situations’ [12, p. 11]. Thus, rather than understanding
agency as something that resides in the individual, in this paper we see agency as some-
thing emerging from the interaction between humans (here students and teachers) and
situations (here the educational context).
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Biesta [19] focuses on what might be involved in education in a world of human
difference. He argues that ‘good’ education requires answering the question of purpose
which, according to him, relates to the three domains of qualification, socialization and
subjectification. Qualification consists of knowledge, skills and dispositions. Socialisa-
tion is about the formal and informal ways in which we, through education, become
part of certain social, cultural and political orders. In his description of the concept
of subjectification, Biesta takes as his point of departure Kant’s concept of formation,
i.e. the way in which through upbringing and teaching the individual can become able
to make use of their mind without the guidance of another and thus step out of their
self-inflicted immaturity. It requires teachers to maintain a sense of their students as
unique individuals in the process of developing their individual voices and relation-
ships with the world. However, while research in classroom dialogue is well established
[9, p. 1996], recent technological advances have led to a scholarly interest in the medi-
ating role of digital technologies in enabling collective knowledge building in education
[34]. Ordinary conceptions of dialogue can be extended to include digital technologies
in a dialogic-interactive manner [20]. In the age of the Internet, the variety of learn-
ing trajectories has increased significantly, spanning physical and virtual domains and
involving an increasingly personalised use of digital technologies.

An interesting concept in this connection is that of learning ecologies [21–23]. Learn-
ing ecologies are instances of eco-social systems that follow a developmental trajectory,
i.e. they involve relational and interactional processes in the construction, sharing, and
reconstruction of meaning. Seen from a learning ecology perspective, the Internet and
digital technologies have altered our environment and hence the way we learn. Related
to this is the concept of hybrid learning, which involves dialogue across a variety of
learning and practice settings through different types of physical and digital networks
and various technologies. Hybrid learning supports ‘fluid forms of becoming and being
in, with and for the world’ [24, p. 78]. Digital technologies play a crucial role in connect-
ing and mediating learning expeditions in hybrid environments as they afford various
ways of engaging with technology, which serve individual as well as joint objectives, i.e.
interaction with digitised content, problem-solving, dialogue and relationship building
and discursive practices involving various forms of dialogue [25, 26].

Like any ecological system, a learning ecology can function in a balanced and sus-
tainable way, but it can also destabilise due to uninformed action or disruptive events.
The forced transition to online teaching due to the COVID-19 lockdown has caused
such a disturbance. The sudden transition to online teaching has forced educators and
students to skip the expected gradual transformation towards increased digitisation in
university teaching, making all teaching activities 100% online overnight. In this paper,
we are interested in how this transition has affected the dialogic element in teaching and
learning, and what the role of dialogue would be in recovering the ecological learning
balance in an online and possibly hybrid learning environment. We focus on students’
experiences in order to get a sense of the individual and collective discourses that inform
students’ perceptions and judgements on what motivates and drives their action during
the unexpected digital transition due to the COVID-19 crisis, particularly regarding the
role of technology in supporting or inhibiting discursive spaces through dialogue. We
find this context very fruitful for considering the agentic dimension of students’ actions
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as their responses reflect changing orientations due to new structural environments of
action due to the COVID-19 pandemic.

In order to gain insight into the critical aspects, challenges and potentials of collab-
orative learning and dialogic pedagogy with the rapid transition to digital teaching, we
ask:

How is the accelerated digital reorganisation of teaching experienced by a group
of students in a PBL university in terms of collaboration, dialogue, and experi-
enced learning?What educational potential can be found in digital learning ecolo-
gies for enhancing the three domains of the purpose of education (qualification,
socialisation and subjectification)?

2 Methods

The present study is based on data from a master’s degree programme in the field of
humanities in a PBL university during the first threemonths of the COVID-19 lockdown.
It aims to map students’ learning experiences during the digital turnover. The digitised
experience covered online course teaching such as synchronous and asynchronous lec-
tures. Teachers were free to choose from among the platforms that the university had
cleared under the General Data Protection Regulation (GDPR), which included Zoom,
Teams and Skype for Business. Some teachers also chose to communicate only viaMoo-
dle, the Content Management System used by the university, where they uploaded Pow-
erPoint presentations with voiceovers. The online supervision of student PBL projects
was conducted in one of the aforementioned GDPR-compliant platforms, i.e. Zoom,
Teams, or Skype for Business. Most students did collaborative group work, although
some chose to work on their own. Teachers were free to design their teaching in any
way they preferred, so the students were exposed to different forms of online teaching.
This master’s degree programme enrols students from diverse backgrounds. Some have
academic bachelor’s degrees in humanities or social sciences fields and are relatively
well-versed in working and writing academically. Others have professional bachelor’s
degrees, which often focus more on training for a particular profession and its related
methodologies. A postgraduate degree is a challenging experience for many students,
especially during the main PBL project each semester, in which they have to collabo-
rate across various academic traditions. A survey was developed by the authors which
addressed a variety of digitised course teaching activities that the students were exposed
to during the lockdown, combined with prior experiences from the time of their bache-
lor’s studies; the survey also related to the project work with regard to online supervision
and online group collaboration.We hypothesise that students’ perceptions of these issues
reflect their level of agency as a configuration of influences from the past (experiences
with teaching from before the lockdown), orientations towards the future (what enables
learning), and their engagement in the present [3]. The online survey was answered by
51 out of 136 active students (i.e. 37.1%); responses represented the university’s two
campuses relatively equally.

We supplement the survey results with two student testimonies retrieved from
student-conducted projects that also focused on the sudden exposure to online teaching
[27, 28]. Both student projects were based on a combination of surveys and qualitative
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interviews. One study was based on the same master’s degree programme as the present
study [27], but only at one campus. The other was aimed at the broader student body
at the PBL university [28]. In addition, we draw on a written student reflection during
the lockdown, submitted to one of the researchers, who was assigned as the student’s
learning supervisor [29].

The data has been analysed drawing on Biesta’s three separate educational dimen-
sions ofqualification, socialisation, and subjectification. The questions in the quantitative
part of the survey (see Tables 1 and 2) provide data that reflect the concept of qualifica-
tion, addressing if and how online education provided students with subject knowledge
(i.e., ultimately helped them become critical thinkers and thus qualified their participa-
tion in societal affairs). The qualitative part gathered students’ open-ended responses to
what supported learning, whereby socialisation – which is typically formulated in the
overall curriculum – is reflected in students’ responses to the values and behaviours that
the university, according to them, is meant to foster. Finally, subjectification is inves-
tigated by focusing on statements that reflect the teachers’ ability to sustain a sense of
the students as unique individuals by helping them to develop their individual voices
and relationships with the world. We are particularly interested in the possibilities for
synergy between the three domains, but also where they are in conflict. This, we argue,
will enable us to deal with ‘trade-offs’ between the three domains [14, p. 79].

3 Results

The quantitative part of the survey included questions regarding the degree of ease
in transitioning to an online teaching environment as well as online PBL supervision,
primarily relating to the domain of qualification (the ability to acquire new knowledge
and skills in the new online learning environment). Responses were expressed on a
Likert scale with five possible degrees, where (1) is ‘Totally disagree’ and (5) is ‘Totally
agree’. Table 1 presents a summary of the questions and the distribution of the answers
within three categories, where (1) and (2) combine into ‘Mostly disagree’; and (4) and
(5) comprise ‘Mostly agree’.

Table 1. Questions related to the digitised teaching and online PBL supervision

Question Mostly disagree Neutral Mostly agree

It was easy for me to get used to the online teaching 33% 25% 42%

It was easy for me to keep up with the communication
about the organisation of teaching, including
presentation of content, tasks and activities, etc

40% 36% 24%

It was easy for me to get acquainted with the various
digital formats and software used to conduct
teaching online

31% 36% 33%

It was easy for me to adapt the provision of online
teaching to my own learning preferences

42% 29% 29%

(continued)
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Table 1. (continued)

Question Mostly disagree Neutral Mostly agree

I received help and answers to my inquiries from the
teachers regarding the online teaching

7% 29% 64%

It was easy for me to get used to supervision going
on online

11% 4% 85%

It was easy for me to select suitable technologies for
online supervision

7% 15% 78%

There is a relatively wide distribution of perceived degree of ease regarding various
aspects of the online teaching. Elements relating to communication about the logistics
of online teaching as well as to the ease of adapting digitised teaching options to indi-
vidual learning preferences seem critical to many of the students, possibly reflecting
uneven opportunities for learning. This group of students are accustomed to classroom
teaching and it may be confusing to find one’s place in a multimodal environment with
different affordances for learning. Their responses reflect difficulties in navigating this
environment and the need for teacher control. Notably, teachers are appreciated for
offering clarification in response to students’ uncertainties, which indicates that from
the students’ perspective, teachers play a strong role in guiding students to become part
of this new social order. This might indicate that during the lockdown, most students
expressed agency in asking their teachers for help. Remarkably, students seemed to
adapt easily to an online PBL supervision environment and were able to select suitable
technologies. This could partly reflect a prior socialisation to the more autonomous
nature of PBL project work, and partly the more manageable coordination task regard-
ing online interaction around a known subject, i.e. students’ projects, with only one
teacher/supervisor.However, in terms of collaboration,we see that students prefer getting
feedback from the teacher rather than peers.

In the survey, we also asked students about which ways of digitising teaching they
considered important to their learning. In responding to this question, they had the option
to select from several pre-formulated options as well as add their own statements. The
responses are summarised in Table 2, which lists the distribution of responses starting
with the issue deemed most important. Overall, we see that students ask for explicit cri-
teria for their work during online teaching, addressing the dimension of education that
focuses on qualification. Here, we see that students deem it very important to get explicit
norms from teachers as to what is considered the ‘right’ student behaviour. This raises
the question of whether presenting students with predefined standards for the ‘right’
knowledge (cf. the qualification domain) and the ‘right’ behaviour (cf. the socialisa-
tion domain), followed up by narrowly structured and objective-oriented education, is
conducive to learning. Alternatively, exposing students to less-structured contexts for
knowledge creation, which allow a more fluid process of knowing similar to moral or
political education, could elicit the students’ active engagement and sense of learning
as agentic action (cf. the subjectification domain). Qualifying students with planned
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knowledge represents but a limited educational aim. From this perspective, it is alarm-
ing that only 24% of students expected to be part of decision-making processes, whereas
42% preferred real-time activities during the online teaching which requires standard
sequences of activities unless the teacher is able to improvise in response to each class’
unique flow (for further discussion on the artful balance of structure and improvisation,
see Sawyer (30)).

Table 2. Overviewof students’ answers on the approaches to digitising teaching that are important
to their learning

Following ways of digitising teaching are important to my learning

The expectations of students in online teaching are clearly communicated 76%

Adding audio to a PowerPoint presentation to display as needed 64%

I receive online feedback from the teacher on my assignments 60%

The online teaching is organised so that I develop my critical, analytical, creative or
practical sense of working with the material

53%

I can structure my time as a student in an online teaching environment 51%

The teacher makes a plan for online teaching, which helps me structure my time 47%

Online teaching is organised so that I experience increased self-insight and can reflect
on and assess my own experiences and knowledge

44%

I get activated to participate individually in real-time teaching 44%

I get activated to work in groups in real-time online teaching 42%

There is a uniform way of organising online teaching across the various modules 42%

The lectures are synchronous, using online meetings with direct presentation 35%

I participate in group assignments to solve in a set group before or after teaching 31%

I experience being seen and recognised in an online teaching environment 29%

The online teaching supports that we know & contribute to each other’s learning 24%

The online teaching is organised so that I feel part of the decision-making processes 24%

I receive online feedback from my fellow students 22%

In the qualitative part of the questionnaire, we see a more mixed picture. Here,
despite the new structural circumstances, in terms of the domain of socialisation, students
express their expectations that teaching be based on principles of a high degree of student
involvement. This is exemplified by the following statement made in response to being
asked about what enhances learning:

‘That we as students are involved as much as possible, despite the online format.
For example, by organising and facilitating parts of the teaching itself so that you get
co-responsibility, feel ownership and commitment in the digital space, where you can
otherwise easily become invisible’.

This student is constructing a distinction between analogue and digital teaching
and arguing that, in the case of the latter, when aiming for the achievement of digital
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qualifications, there is a risk of a negative impact on the domain of subjectification. There
is a perceived risk of becoming invisible as students – not only to the teacher/supervisor,
but also to other students, and to themselves [33]. In digital teaching, teachers often ask
students to joinmeetingswithout video and audio enabled unless asked to say something.
Thus students can maintain a visible digital presence through their logged-in status but
are physically and mentally non-present. Student involvement depends even more on the
teacher to be aware and to let the students engage actively with the learning situation.
The analogue learning environment is endowed with knownmodalities to escape feeling
invisible –students can choose to involve themselves and teachers and the other students
can enable and elicit involvement. The students mention how they used to learn from
listening to other students’ discussions, and by asking questions. This is made more
difficult in the digital learning environment.

Another student emphasises how group work related to teaching sessions is con-
sidered of worth for his/her learning: ‘It helps me to be part of a group, I have greatly
benefited from my project group’. To this student, there seems to be synergy in the
domain of qualification and socialisation when working in groups as not only qualifi-
cation and academic achievements count for her. This is also a goal in the pedagogical
design of PBL, and although group work was made digital too, belonging to a group as
a place for qualification, socialisation and subjectification may still be important.

A qualitative investigation conducted by some of the participating students [27]
demonstrated other viewpoints. Here, some students explained how they chose to
work with peers and groups other than the groups generated by the teacher. They
chose fellow students who they knew, who were visible, and who were considered
as being more actively engaged in the teaching sessions and showed agency in learning.
They also emphasised the importance of the teacher/supervisor’s participation in online
discussions.

However, according to many of the students, group work ought to be orchestrated in
a certain way to be considered successful. This student explained how she expected the
teacher to take the role of facilitator during their group work:

‘It helped if you met in small groups, that is, if the groups were formed by the
teacher. In those cases, it was instructive that the teacher went in and out of the small
digital forums and participated in discussions’.

According to Biesta, teacher judgment is essential to education. With the teacher as
a facilitator, key educational questions of content, purpose and relationships might be
forgotten. Thus, to Biesta the language of learning is insufficient for expressing what
education is about because it does not answer the questions of learning ‘of what’ and
‘for what’ [14, p. 76]. However, we do not know from the student’s quote the way in
which the particular teacher participated in the discussions. It might be that they actually
acted in a way which promoted agency for both the teacher and the students.

Students’ responses also describe experiences with using diverse platforms for group
work and dialogues, reflecting how students use dialogue to scaffold their learning and
the importance of the ability of the digital tools to create a shared dialogic space. This is
reflected in the following quote, in which a student explains what increases her learning:
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‘That it is possible to do reflection tasks and other tasks with fellow students, so
that the material is processed in different ways than reading on your own and attending
lectures. The timeframe in which the work is to take place should be fixed’.

Students appeared to struggle to maintain a stable identity when the only contact
with peers was through digital technologies. Thus, they seemed to orient themselves
toward a change to the existing order so that different ways of being became possible.
An example of this attempt to be a subject of action is reflected in the following quote,
where a student explains what is key to online teaching:

‘The most important thing is the contact with other people. So, there must be good
opportunities to discuss and talk to one another; both teachers and fellow students, so
that one does not sit alone with one’s thoughts’.

There are inescapable differences between the opportunities in a more conventional
classroom and those online. It seems more difficult to reach a level of depth of reflection
and critical thinking during online teaching. The statement below represents dominant
issues in students’ perceptions of missing components of the experience, the lack of
which inhibits their learning:

‘I have experienced missing the dialogues that typically occur in the classroom –
between teacher and student – which to me greatly help to comprehend the material that
is read in advance and which is elaborated during lectures by the teacher. It is as if a
“layer” is missing – which we have not been able to access during this period’.

What we see here is an example of a missed opportunity to interact with more
knowledgeable others as compared to the previous social order, i.e. live lectures. On the
other hand, merely transposing familiar structures to a digital format is not an option as
it inhibits the construction of meaning through direct dialogue. Rather, new and explicit
active learning strategies are required in order to foster learning, which is explained by
a student as follows:

‘The online format makes it necessary to create even more variety. Although tradi-
tional lecturing for a long period is also tiring in real-time teaching, it is even more tiring
in virtual spaces. Therefore, the passive listening in front of the screen really impedesmy
learning. Things need to be staged and exercises implemented to a much higher degree
when it is virtual’.

Several quotes reflect the student demand for more variety in order for digitised
teaching to becomemore engaging.Although this aspect is considered central in ordinary
class teaching, in online teaching it becomes even more crucial. The data, however,
underscores that technological variation in itself does not ensure the quality of learning if
the students have the feeling of being left to themselves, as the title of an abovementioned
study puts it: Am I alone here – or are there others with me?’ [27]. More specifically,
students ask for dialogue practices that are designed to spur curiosity in learning and
promote critical reflective thinking.

In our survey, we also asked students about what enables and impedes learning when
working together online in project groups. Generally, the students deplore the lack of
face-to-face contact in project groups, which severs the exercise of individual agency
due to difficulties of mutual relating. As one student explains:

‘The physical isolation. It is difficult to work in project groups without face-to-face
contact. It’s not the same. Physical presence cannot be replaced by digital collaboration’.
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Another student emphasises how true dialogue is missing during online interaction:
‘Wemissed the dialogue. It’s just not the same talking over an onlinemedia compared

to talking face to face’.
In the pedagogical design of PBL, dialogue is a central component of collaborative

learning, enabling the students to engage in common problem-solving. They challenge,
provoke and argue as a means of knowledge negotiation in order to find new ways of
understanding, which integrate their different academic and practical experiences. These
types of dialogue are difficult for students to maintain online, especially when they do
not know each other beforehand.

The statements below represent key issues ofwhat enables learning, and interestingly,
students relate to both domains of qualification and socialisation in their responses:

‘Virtual meetings with the opportunity to see other group members and supervisors
are central’. Moreover, ‘strict appointments, committed group members, more frequent
supervision enable learning’. Another student stated: ‘Written feedback prior to the
online meeting. Well-prepared supervision’.

However, there are many factors related to the online digital environment which are
experienced as restricting or challenging learning in project groups as students’ ability
to interact is challenged:

‘I think it hampers my learning in the project that we are not sitting together. For me,
it is especially about not sitting in the same room and having the interaction you would
if sitting together physically’.

Students also face new technical challenges which arise as a result of digital learning.
These relate to their having to sit in front of a screen for many hours, that the internet
connection might fail, and, maybe the most important, that they have difficulties reading
each other’s body language. Therefore, it became easy to misunderstand signals:

‘Technical challenges may occur, and meetings are less dynamic because it is more
difficult to read each other’s cues and signals. More specifically, lack of body language.
It is weird and not always optimal to sit and communicate on Skype’.

‘It may be harder to facilitate good discussions/workshops around topics – it is also
harder to sit in front of a screen instead of meeting physically. It is harder to create
relationships in a group when you only meet digitally’.

On the other hand, students seem to be able to see beyond the limiting factors of
technology and refer to how online teaching and project work can improve their respect
for each other and be more effective. Virtual collaboration related to project work seems
to increase the necessity of better planning as well as mutual alignment of expectations
and a certain discipline in presenting arguments and sticking to the point, especially as
body language is no longer a possible way to argue:

‘It creates some flexibility, but it requires the group to understand that this is how
we work. In our group, we established the expectation that we work when it fits in each
other’s calendar’.

‘We are more efficient, and aware of respecting each other’s time. We have also
become very good at handing out tasks, and then continually use the [online] platform to
discuss things briefly. You are also forced to become clearer in how to articulate because
you do not have gesticulation, a whiteboard or other artifacts to use in your explanation
and communication with fellow students’.
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However, many obstacles turn up within group work due to the total transition to
online communication. As the group of students is very diverse, not all have strong
competences in argumentation as an acquired skill helping them to move from pure
disagreement to evidentiary discussion. As Alexander [31] argues, it is hardly surprising
that some students view argument as conflict, and this becomes an even more sensitive
problem to tackle in an online format. Students seem to employ evasive strategies to
avoid professional disagreements that might escalate to personal conflicts, as the virtual
environment is perceived to pose obvious limitations to conflict resolution. The challenge
to reaching intellectually stimulating relationships in the virtual space was described in
various ways:

‘That not everyone contributes equally, which creates an overload for oneself and
means that one does not have anyone to discuss with anyway in the meetings. Therefore,
you lose the sense of how much people read and prepare at home. In tactical terms, I
also bend off if something could develop to a small conflict or discussion that would
otherwise be exciting and instructive to unfold at physical meetings. Nevertheless, I
have chosen this strategy to stick to what is possible when communicating through the
computer, and to avoid misunderstandings. This is also about the lack of body language
to help navigate, despite the camera’.

‘That you do not know your group members beforehand and cannot build relation-
ships in the same way as if you could physically “hang out”. It is, therefore, ‘difficult to
create relationships’.

‘It can be difficult to communicate over an online platform when you don’t know
each other. Because you do not have the same group dynamics as when you sit together
physically – you do not really get to know each other, and misunderstandings can easily
arise.’

According to Biesta, teacher involvement and judgment are essential to education.
We see in our survey that students are very explicit about what they find important to
their learning regarding teachers/supervisors. They want clear information about the
expectations of students and the responsibility for organising teaching so that they can
develop a critical, analytical, creative or practical sense of working with their tasks. In
addition, they ask for plans that help them structure their time, to be engaged fully in
the learning process, and that their supervisor plays the role of facilitator during group
work and gives well-prepared written feedback prior to the online meetings.

During the COVID-19 lockdown, many teachers spent much more time than usual
on teaching and supervision in order to compensate for the loss of physical meetings
and because they had to change their normal classes to an online format overnight.
Transitioning to online teaching opens up important discussions concerning the position
of the teacher/supervisor and the time spent on readjusting the learning design when
traversing the analogue and online teaching spaces. Rather than covering both modes of
teaching, teacher judgement might well be applied to combining the two modes into a
hybrid learning space wherein they become gradually more integrated.

Biesta, building on theworkofDewey, states that processes of subjectification require
that the teacher aims to support all students to become intellectually independent and
responsible ‘subjects of action’ [32, p. 64]. The above testimonies may be interpreted
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as troubling episodes with misunderstandings that can be transformed into learning
opportunities for all.

4 Discussion

In their review of the factors that influence learning outcomes, student satisfaction and
collaborative engagement in e-learning and blended learning, Nortvig et al. [33] found
that themost prominent influenceswere the teacher’s presence in online settings; interac-
tions between students, teachers and content; and designed connections between online
and offline activities as well as between campus-related and practice-related activities.
In this paper, we found that students expressed a desire to be exposed to education that
was safe and predictable. This is not surprising, taking into consideration the context of
the educational changes. Regarding the potential for collaborative activities, dialogic
exchanges and discursive meaning creation, the students experienced severe limita-
tions in the online context as compared to the previous socio-pedagogic framework.
They deplored the lack of face-to-face interaction, yet did not seem to exert their agen-
tic capacity for co-constructing meaning in an online environment, presumably due to
experiencing increased complexity. However, this leaves us with the question of how to
plan digitally supported online teaching while at the same time maintain an orientation
towards the independent thought and autonomy of the ones being educated. According to
Biesta, teachers should also enact agency, that is, the freedom to act independently of the
determining constraints of social structure [14]. If we accept the premise that education
always impacts on the three domains of qualification, socialisation and subjectification,
then, following Biesta [19, p. 77], ‘as educators we must take responsibility for what it is
we seek to achieve in each of these domains’. During the COVID-19 crisis, teachers were
not able to fully exercise their judgment about the appropriateness of how they teach
and organise their educational efforts. Rather, this was dictated by the government.

What, then, are the implications for students’ agency? Biesta asks ‘Is it indeed a
good idea to treat students as customers and give them what they want? Does this give
them a much needed ‘voice’ in the educational process and does it therefore enhance the
overall quality of the educational endeavour?’ [14 p. 82]. It is crucial to understand that
students and teachers have very different voices because of their different responsibilities
and expectations. So, how do we construct a dialogical pedagogy in a way that includes
different voices?

Regarding the application of ecological learning principles in higher education,
Richardson [23] has pointed at three main priorities. First, an ecology of learning should
offer rich possibilities to locate and access learning items that students can organise and
interact with to satisfy learning needs. Second, a learning ecology must support social
learning through collaborative learning activities, wherein students engage in group
discussions to explore content and ‘discuss and share insights within their specialised
communities of practice’ [23, p. 48]. Third, a learning ecology requires an intentional
design to create ‘a learning system that adapts to varying student needs’ [23, p. 48]. The
perspective of learning ecologies suggests the need to offer rich and diverse possibilities
for students to access learning in accordance with their needs and preferences in order
to attain qualification. Equally important is socialisation, for which collaboration and
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discursive meaning creation through dialogue are paramount. Finally, learning ecologies
require intentional designs for learning that take advantage of the richmedia ecology and
the hybridity of learning spaces to inform student action and promote mutual engage-
ment. A learning ecology can thus accommodate the subjectification function, spurring
students towards the autonomy of thought and action. The dialogic element seems to be
crucial in order to facilitate interaction and successful communication as well as invite
students to value a diversity of perspectives and various ways of knowing. A learn-
ing ecology design should include explicit opportunities to engage in critical reflective
dialogic practices in alignment with the learning aims.

In a PBL environment, dialogic practices can take on a variety of forms, depending
on the learning activity, whether related to teaching, and thus to declarative and proce-
dural knowledge, or to independent project work, which capitalises on the construction
of conditional and functional knowledge. Similarly, dialogic activities ought to circulate
reflective and meaning-creation processes across various learning environments.

Such activities could involve students or groups of students and the teacher/project
supervisor, but also draw on input from external collaborators from the various organisa-
tional contexts where student projects are hosted as well as relevant formal and informal
student and teacher networks. A digitally enhanced media ecology accommodates mul-
timodal practices and thus rich possibilities to frame knowledge exchanges, e.g. writ-
ten, pictorial, audio and video-based. More significantly, it also expands and enhances
new discursive practices in hybrid, cross-learning and action spaces, connecting people
and meaning in various situations, both synchronously and asynchronously. Dialogue
needs to be specifically framed to suit such an expanded hybrid learning environment,
which transcends familiar classroom practices. This can be a challenge not only for
students, which explains the restrictive use of online engagement, but also for teachers,
who need to redirect their pedagogic thinking from content-centric to a dialogical and
discursive orientation of knowledge and practice.

Whether experienceswith the sudden transition to online teaching due to theCOVID-
19 crisis can provide a reliable point of departure for designing for learning in a hybrid
learning environment is a point for further discussion. In fact, as argued elsewhere [16],
in this paper we, too, have found that students’ responses reflect the temporariness of
contexts of action and thus that their agentic orientations are subject to substantial varia-
tion. Their responses, therefore, display how they move between different and unfolding
contexts that make them orient or ‘recompose’ the situation in various ways. The new
emerging online learning environment is sustained by, and at the same time potentially
altered through, students’ agency as a response to teaching strategies. Similarly, teachers’
actions are subject to students’ learning affordances in the new environment. Dialogue
and eliciting student co-involvement at a meta level, regarding the potentiality of dig-
itally extended learning ecologies, may prove central to designing for learning in new
hybrid spaces.

This study is exemplary, since many other higher education institutions may have
had similar experiences with transitioning to online teaching during the COVID-19 lock-
down. Therefore, we believe that knowledge generated through this study regarding the
role of dialogic practices – not only to enhance learning and promote critical reflective
thinking but also in co-designing learning in online hybrid spaces – can inform others
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in the field. We may not base our future strategies for digitisation in higher education
on the experiences from this sudden online transition, but we may use these experiences
to initiate an exploration of dialogic practices to design for digitally enhanced learning
ecologies. It would be of great interest to compare our results with those seen at other
higher education institutions. However, at the time of writing, the basis for such a com-
parison does not yet exist as many of the studies from the period of the lockdown are
not yet available.

5 Conclusion

In this paper, we focused on how a group of students at a PBL university have navigated
the altered learning environment during the COVID-19 pandemic in terms of collab-
oration, dialogue, and experienced learning. We drew on an ecological conception of
agency-as-achievement. We found that students’ agency is achieved when they are able
to ask for help from their teachers. In terms of collaboration, we also saw that students
prefer getting feedback from teachers rather than peers. Students ask for explicit crite-
ria for their work during online teaching, emphasising the dimension of education that
focuses on qualification. Here, we see that students deem it very important to get explicit
norms from the teachers as to what is considered the ‘right’ student behaviour.

Furthermore, we investigated what educational potential can be found regarding the
three domains of the purpose of education identified by Biesta (qualification, socialisa-
tion and subjectification) in digitally enhanced learning ecologies. While students prefer
teacher control in terms of predefined ‘right’ knowledge and social behaviour, informed
judgement might encourage teachers to expose students to more open forms of know-
ing, and thus the challenge of withholding uncertainty. Students’ qualitative responses
cover a more mixed picture: Despite the new structural circumstances, in terms of the
domain of socialisation, students expressed their expectation that the teaching is based
on principles of a high degree of student involvement. When aiming for the achievement
of qualification in a digitised online environment, there is a risk of a negative impact on
the domain of subjectification as the students might become invisible. To some students,
there seems to be synergy in the domain of qualification and socialisationwhen working
in project groups, where not only qualification and academic achievements count.

Students’ agency is hindered in a setting where their only contact with peers is
through digital technology. In and through the particular ecological condition and cir-
cumstance of complete digitisation, it seems more difficult to reach deep reflections and
critical thinking. Students’ agency is also hindered if levels of variation in the digitised
teaching, involving and activating are low. During online project work, the students miss
face-to-face contact, which severs the exercise of individual agency in collaborative
processes due to difficulties of mutual relating. The students mentioned physical isola-
tion, loss of dialogue, loss of interaction and employing strategies to avoid professional
disagreement because it can be difficult to separate these from personal conflict.

The ideal of PBL and group work is that students should be challenged to wrestle
meaningfully with uncertainties that bear conflicting perspectives. Although democratic
habits of mind might be achieved in practices where students learn to recognise and
respect opposing arguments and differences of perspectives as a path to argumentative
competence, in a COVID-19 crisis, this may be a learning goal too high to aim for.
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It is important to take into account that the results obtained are shaped both by
the feelings generated by the forced transition to the teaching modality and by the
inexperience of teachers and students in developing activities in online contexts. This
inexperience will also have certainly influenced the students’ perceptions and even their
performance in learning activities. The conclusions of this study must, therefore, be
weighed according to the circumstances.
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Abstract. This study outlines how a serious game was implemented using trans-
media storytelling to engage students in a Danish gymnasium when reading the
mandatory novella The Hosier and His Daughter, written by the Danish author
St. St. Blicher in 1829. The study is based on 52 students from two gymnasium
Danish classes. The study’s novelty and importance lie in its focus on using a par-
ticipatory design approach to involve the teachers as co-designers at a very early
stage. The transmedia setup was based on the following procedure: read seven
pages of the story in the textbook, play seven pages as a game that includes read-
ing and voice-overs and then read the rest of the story in the textbook. A formative
evaluation was administered using a questionnaire after the first reading and after
the gameplay. Furthermore, there were in-depth interviews with both teachers and
students. The findings indicate that the serious game improved reading engage-
ment, leading to much higher immersion levels, ease of reading and enjoyment of
reading the story. The story in the game was well told, and the learning outcome
was achieved through increased engagement.

Keywords: Reading engagement · Serious game · Transmedia storytelling ·
Co-designers

1 Introduction

This study was aimed at using serious gaming as an approach to engaging students
enrolled at Ørestad Gymnasium (Copenhagen) in reading Steen Steensen Blicher’s 1829
novella The Hosier and His Daughter (Hosekræmmeren) [1]. The story resembles that
of Romeo and Juliet in that it involves young star-crossed lovers who cannot be together
and ends in tragedy. The story employs poetic realism, but it is not easy to read. This is
partially due its early-nineteenth-century wording and writing style, but its complexity
mainly arises from the story’s narration, which presents potential barriers to reading
engagement. A traveler who has no connection with the characters in the novella narrates
the story. This disconnect between narrator and story can make it difficult for the reader
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to engage with the story. The novella has therefore become notorious as one of the most
boring and tedious texts in the mandatory Danish gymnasium curriculum.

This study’s research question was as follows: Can a serious game be designed to
increase reading engagement in St. St. Blicher’s novella The Hosier and His Daughter
as part of the mandatory reading in Danish literature classes at Ørestad Gymnasium?

Reading fiction is positively associated with higher performance on reading assess-
ments [7]. However, in recent decades, students have changed their habits; they now
read less fiction and spend more time reading online than before [2–4]. In Denmark,
20% of young adults do not read fiction [6], which is in line with other international
reports [4, 7]. On average, across OECD countries, 37% of students report that they do
not read for enjoyment at all [7]. Reading has always been encouraged through com-
plex and diverse practices. However, there is considerable concern that young adults do
not read well enough to cope with the increasing literacy demands of an information
society [3–5]. Reading is a skill with many graduations of proficiency, and reading a
rather complex novella from 1829 requires a different level of reading ability than, for
example, reading a newspaper or subtitles on Netflix, making the former task challeng-
ing for many students [3–5]. If students read less fiction, they could lack familiarity
with national literature of historical importance. In Danish gymnasiums, male students
struggle more with reading engagement compared to female students [10]. This lack
of reading engagement may partly explain why male students in particular lag behind
compared female students in Danish gymnasiums, a fact that poses challenges for male
students in terms of later educational opportunities and access to the labor market [8, 9].
In Danish gymnasiums, the average grade difference is 0.5 points (based on 7-point grad-
ing scale) in favor of female students [9]. However, in Danish literature, which includes
a great deal of mandatory reading, female students’ grades are 1.4 points higher on aver-
age [9]. Other countries are reporting similar phenomena such as higher dropout rates
and lower average grades among male students [10]. Various sources have explained
this in terms of genetic differences, different gender based learning identities, societal
expectations and the feminization of the education sector [10]. A number of initiatives
exist to increase reading engagement and decrease the gender gap in education, such as
multiple initiatives related to serious games.

2 Previous Work and Theoretical Foundation

Scholars have described multiple principles for designing serious games for educational
purposes [11–17, 26, 34], including a focus on reading engagement [10, 12, 13]. Impor-
tant aspects of serious game design for learning and reading engagement include realism,
feedback, discovery, repetition, guidance, flow, digital storytelling and debriefing [11–
17]. Furthermore, motivation is important. Reading engagement, both in serious games
and in other media, including analog media, requires the reader to be motivated [13,
16]. This involves aspects such as important elements within the text’s content, text
comprehension, knowledge acquisition and social interactions that employ knowledge
and lessons learned from the text [13, 16]. Scholars have also emphasized the specific
aspects of intrinsic motivation as important when designing serious games for read-
ing engagement [16, 17]. These can include elements such as curiosity, a desire for a
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challenge, flow, involvement and narrative engagement [16–18]. In particular, narrative
engagement [18] seems important within a serious game focused on reading engage-
ment because of its relation to the story experienced while playing the game. Thus, it
may result in imaginative immersion, narrative involvement or narrative immersion. The
desire to know how the story of The Hosier and His Daughter unfolds evokes curiosity,
suspense and narrative engagement, making the players want to continue playing [18].

Studies have also included transmedia storytelling as a gateway to reading engage-
ment or educational purposes by combining analog reading with parts of the story
included within a serious game [10, 19, 29–31]. The term transmedia storytelling is
defined and used differently across disciplines. However, there is common agreement
that it is a method or technique for telling a story across media platforms that often
includes digital technologies such as serious gaming. Ryan, among others, stated that
a successful digital transmedia storytelling requires a process of active collaboration in
the co-creation of meaning [20].

3 Methods

3.1 Participants and Ethical Issues

This study in transmedia storytelling included 52 students from two Danish classes (M
and S). Both classes were from Ørestad Gymnasium, which is located in Copenhagen,
Denmark, and has a special profile focusing on media, communications and culture.
Class M had a media studies profile and consisted of 27 students (14 male, 13 female).
Class S had a social science profile and 25 students (12male, 13 female). All participants
gave informed consent and were informed that they could withdraw from the study at
any time and their participation did not influence their grade. In addition, all participants
were provided with anonymized ID numbers, and all data were labeled with these IDs.
We applied special considerationswhen recruiting teenagers (ages 17–19), in accordance
with Danish data law, the international code of conduct [23] and ethical approval from
the gymnasium.

3.2 Procedure and Analysis

This study was conducted during the COVID-19 pandemic, so most of the study was
conducted online. All teaching at Ørestad Gymnasium also took place online. The eight-
step procedure used in this study is illustrated in Fig. 1. The procedure was divided into
two major approaches. The pre-engagement and feedback stages (stages 1 and 8, and
the hotline) focused mainly on the design and implementation elements. The reading
and evaluation stages focused mainly on the evaluation elements.

Step 1: An important focus of this study was to involve the Ørestad Gymnasium
teachers who taught the students about The Hosier and His Daughter. This was done
by following a participatory design approach [22] in which the end-users included both
teachers and students. The teachers served as gatekeepers who facilitated and controlled
the reading process in areas such as the curriculum’s aims, focus, knowledge, skills and
analysis. Therefore, the teachers were involved as co-designers very early in the process.
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Fig. 1. An eight-step procedure used in this study.

They were asked for input and feedback, but they also worked as partners in the design
process regarding changes to aspects of the game’s development. Prior to the co-design
efforts with the teachers, class observations and short interviews with students were
conducted. Furthermore, the gymnasium’s headmaster was interviewed during Step 1
andprovided acceptance and engagement related to this study.Nine students fromoutside
Classes M and S took part in pilot testing within an iterative process.

Step 2: Participants read the first seven pages of the novella The Hosier and His
Daughter [1]. The novella was included in a textbook with other novellas and short
stories. Prior to the reading, the teachers provided some minor instructions.

Step 3: The participants answered the first evaluation questionnaire after reading the
novella’s first seven pages. The questionnaire consisted of general questions related to
the story and reading engagement at this stage. In total, 50 students completed Evaluation
1 (96% response rate).

Steps 4 and 5: The participants installed and played the game from a Google Drive
folder. There were clear instructions for how to download the game. The game covered
the part of The Hosier and His Daughter on pages 95–102 [1]. These specific pages were
covered in the game due to an interesting time jump to five years later in the original
story. This time jump in the narrative can challenge reader engagement, as the story at
this point could be interpreted as having a natural end without any cliffhangers for a
continuous read.

For Steps 4 and 5, a hotlinewas established so the students could contact the designers
if they struggled with downloading the game, unforeseen bugs or other difficulties with
the game. The hotline was used four times, and showed the importance to ensure that
the students played the game and were not disengaged due to technical problems.

Step 6: The students answered the second evaluation questionnaire, which contained
questions about their engagement after having played the game. The questionnaire had
the following themes: learning, engagement and the game aspects; it was inspired by
the User Engagement Scale [24]. For Evaluation 2, 20 participants from Class M (75%
response rate), and 18 students from Class S participated (72% response rate). In total,
38 students from the two classes (16 males, 22 females), provided data for Evaluation 2.

Step 7: The students read the remaining pages of The Hosier and His Daughter
(book).
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Step 8: Interviewswere conductedwith two teachers and four students (three students
from the M class, and one student from the S class). The semi-structured interviews
had the following themes: esthetic appeal, endurability, involvement, focused attention,
novelty and usability.

Researchers analyzed the questionnaires (Evaluations 1 and 2) using cumulative
frequency (i.e., the total number of answers to specific questions). They analyzed the
interviews using traditional coding [25] in four steps: organizing, recognizing, coding,
and interpretation. They transcribed the interviews verbatim to be organized and prepared
for data analysis. The researchers read the transcripts several times to recognize the
concepts, which also included a general sense of the information and an opportunity to
reflect on its overall meaning. Two researchers coded the interviews independently and
then afterwards matched the themes derived, following the procedures to ensure inter-
analysis reliability [32, 33]. The themes derived included engagement, learning, and
game design. Researchers then categorized and interpreted each interview statement by
following an interpretation of positive and negative statements within each of the three
themes.

4 Design and Implementation

4.1 A Subsection Sample

The serious game was designed in Unity using C# for Windows, Mac and Linux. The
game genre used within this study was an adventure puzzle solving game. To design the
game, we followed eight flow principles described by Sweestser andWyeth [21] tomain-
tain the reading engagement. The eight elements of flow are as follows: concentration,
challenge, skills, control, clear goals, feedback, immersion and social participation [21].
The students were able to start playing the game without reading a manual and learned
the game controls in an introductory tutorial [21]. At the very start of the game, instruc-
tions appeared showing the keys to use for in-game navigation (Fig. 2, right). As the
players discovered interactive objects, hints were shown, including which buttons to use
for interaction. To promote concentration, this game implemented visual- and auditory
stimuli using interactive objects that rewarded the player with a voice-over and written
story text. The tasks (objects) needed to be completed in a specific order to ensure that
the students read the story in order and followed the plot and original story. To highlight
the reading objects, a particle system (Fig. 2, left) was implemented above the objects.
The particles made it easier for the players to identify the objects needed to progress in
the story. To avoid confusing players, the particles disappeared once activated. To evoke
further engagement, sound effects were added when picking up clues or keys. This was
done as players interacted with the clue to provide immediate feedback (Fig. 2, left).
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Fig. 2. Instructions for navigation (right). Particle effects highlighting a reading object (left).

The students were expected to become less aware of their surroundings and more
spatially immersed [17, 18, 21, 26] in the story, thereby improving their reading engage-
ment for this difficult text. The immersive elements were implemented using visual
in-game representations and settings that included assets appropriate for a house during
the nineteenth century. In addition, the notes and letters the players had to find resembled
old paper with text in a nineteenth-century-looking font. (Fig. 3, left). To further enhance
the players’ immersion, various ways of representing the text were implemented, though
it appeared most often as text in an old book (Fig. 3, right).

Fig. 3. The notes and letters the players had to find, which resembled old paper (left). Reading
text presented in an old book format (right).

5 Findings

5.1 Reading Engagement and Learning

The findings from Evaluation 1 (after the analog seven-page reading) and from Evalua-
tion 2 (after the reading within the serious game) revealed clear improvements in reading



The Hosier and His Daughter as a Serious Game 193

engagement within and after the gameplay compared to reading from the book (Table 1).
Overall, 85% of the students found the in-game text easy or very easy to read compared
to the book text, which only 16% considered easy to read (Table 1). In addition, 76% of
the students enjoyed reading the story in the game to a large or very large extent, com-
pared to 24% for the book. After playing the game, 55% of the students indicated that
they would like to continue reading the story to a large or very large extent, compared
to 36% after reading the book. Moreover, after playing the game, 56% of the students
were immersed in the story to a large or very large extent, compared to only 14% after
reading the book (Table 1).

Table 1. Results evaluation 1 (E1, after book read) and evaluation 2 (E2, after game play).

Results from Evaluation 1 (after book
read, n = 50) and Evaluation 2 (after
game play, n = 38). Numbers are in
percentage

To a very
small
extent %

To a
small
extent %

To some
extent %

To a
large
extent %

To a very
large
extent %

E1: I found the text in the novella easy
to read

2 30 52 16 0

E2: I found the text in the game easy to
read

0 5 10 27 58

E1: I enjoyed reading the story 8 32 36 24 0

E2: I enjoyed reading the story in the
game

0 3 21 55 21

E1: I want to continue reading the story 8 28 28 32 4

E2: I want to continue reading the story 3 3 39 37 18

E1: I was immersed in the story 24 30 32 14 0

E2: I was immersed in the story 3 7 34 34 22

E2: The story affected me emotionally 22 24 36 10 8

E2: It was more enjoyable to read the
story in the game than the book

3 5 8 34 50

E2: I wanted to know what happens to
the characters in the game

0 3 18 55 24

The immersion question was phrased differently for Evaluations 1 and 2 to provide
proper Danish language in its context. The immersion question addressed narrative
immersion, so the same tendencies and validation of the students’ immersion were
revealed due their desire to know how the story would unfold. Overall, 79% of the
students indicated that they wanted to know, to large or very large extent, what happens
to the characters after playing the game. Narrative immersion may create curiosity,
suspense and excitement, making the player want to continue reading [18]. Overall,
84% of the students perceived, to a large or very large extent that, that reading the story
was more enjoyable in the game than in the book. This last question was not a direct
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indicator of reading engagement and involved potential bias (e.g., user, context and
technology novelty effects). Nevertheless, it provided perceptions of enjoyment [21].

The game’s ability to improve reading engagement and convey specific details
surrounding the story’s narrative was also a main focus of the teachers’ feedback.

The potential with this serious game is there, along with the ability to motivate
certain students to read longer texts that would otherwise be too difficult for
them…a game can also go deep into the details in very specific parts of the text.
(Teacher 1).

The game can make the students remember more from the story…and when you
experience the story through a game, where you [the authors of this study] made the
graphics, it controls how the students perceive the environment and the characters,
just like when you watch a movie. When you don’t have visual aids, you rely on
your imagination, and you imagine the characters and the environment, so in one
way or the other, you could say that it is a minor disadvantage (Teacher 2).

The quote from Teacher 2 emphasized the importance of being professional and provid-
ing the game environment with considerations, as it controls the perceptions. This is a
well-known point from previous discussions of book-to-film adaptations. However, it is
important to remember that serious games also work with messages and provide specific
perceptions and interpretations based on their design and textual messages.

5.2 The Game Mechanics

The evaluations and interviews revealed that the students enjoyed the game. In addition,
the game mechanics were effectively designed. Overall, 82% of the students always
knew what to do in the game to a large or very large extent, and 79% found it easy to
control the character to large or very large extent (Table 2). Furthermore, 78% of the
students found it easy to follow the story. However, the interviews also revealed minor
suggestions for improvements. In spite of the pilot testing and iterative adjustments to
the game and tutorial, some students seemed to struggle with the controls and needed
some time to get used to them.

Table 2. Results evaluation 2, game mechanics

Results from Evaluation 2 (after game
play, n = 38). Numbers are in
percentage

To a very
small
extent %

To a
small
extent %

To some
extent %

To a
large
extent %

To a very
large
extent %

I always knew what to do in the game 0 0 18 42 40

I found it easy to control the character 3 0 18 37 42

I found it easy to follow the story 0 5 17 39 39

I found the game too easy 0 16 37 23 24

I was easily distracted while playing 16 47 26 8 3
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As many other scholars have realized when designing serious games, it is especially
challenging to find the right balance between skills and challenges, to keep the players
in the flow state [28]. Some participants in this study would have liked the game to be a
bit more challenging (Table 2), be less monotonous or tedious and feature better links,
clues or semiotics to story-specific elements, as well as a customizable reading speed to
provide dynamic difficulty adjustment.

6 Conclusion

To design a successful serious game for educational purposes, it is crucial to involve
teachers in the design process. A serious game has the potential to bring a new level
of understanding and visualization to a given story in the classroom. However, when
focusing on literature (e.g., novels, novellas, poetry), books and games must supplement
each other through the inherent advantages of their media formats. This is also empha-
sized in the literature [27], so it is beneficial to explore further possibilities related to
transmedia storytelling. By switching between the text and the game, the students in
this study experienced improved reading engagement, as well as a deeper understanding
of the story’s environments and characters. However, a game cannot provide insight
into deeper subjects in the text or the vocabulary that the author uses, which are also
significant aspects of the learning outcomes expected in Danish literature classes. In con-
clusion, this serious game, designed specifically to teach The Hosier and His Daughter,
improved students’ reading engagement, leading to much higher immersion and ease
and enjoyment of reading. The story was well told in the game, and the learning outcome
was achieved through increased engagement. However, future work is needed to create
significant evidence and insights regarding students’ reading engagement via transme-
dia storytelling. First, researchers need to include a much higher number of students
from classes across different gymnasiums within the data collection. Second, they need
further details on the identification of readers, including their confidence in reading. It
is important to emphasize that there is no agreed taxonomy for reading engagement,
and the inclusion of serious games is still diverse in its outcomes, and certainly under-
studied as a transmedia subject for inclusion in the Danish gymnasium. It would also be
interesting to create different options in the game design to accommodate a diversity of
students and reader types.
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Abstract. A well-reputed course prepared according to sound instructional
design principles and successfully deliveredmultiple times in a traditional face-to-
face classroom mode failed to stimulate students’ motivation to learn in an online
delivery mode amidst the COVID-19 outbreak. Therefore, a motivational frame-
work developed according to the processes outlined in the ARCS model, imple-
mented, and tested using a single-case study. A cohort of seventy-five undergrad-
uate students aged between 24 to 29 years from different programmajors enrolled
in a six-week mandatory IT in Business course participated in this research. A
blend of a traditional flipped classroom and gamified teachingmethodologieswere
applied in alignment with the ARCS model’s four motivational factors: attention,
relevance, confidence, and satisfaction, associated process, and strategies. Before,
during, and after treatment surveys based on the original Instructional Material
Motivation Survey (IMMS) with 36 questions were conducted to determine the
effectiveness of blended teaching methodologies on students’ motivation. As a
result, the teaching resources of the selected course were systematically aligned
as required.We found that the blended teachingmethodologies based on theARCS
model, process, and strategies have enhanced and/or sustained students’ motiva-
tion and kept the subject interesting in an online environment, and ultimately
improved their learning.

Keywords: Gamification · Flipped classroom · Blended learning · ARCS
model · COVID-19 · Online education · Digital education · Higher education

1 Introduction

We know the year 2020 for its disastrous COVID-19 outbreak and its global impact on
every aspect of human life. In education, it has created significant challenges for the
global education community. It is a test of organisational agility [21], where institutes
initially focused on shifting their program delivery to online environments, not necessar-
ily on online pedagogy [5]. Researchers have conducted studies to analyse the responses
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taken by different education providers globally, with solutions varying from no response
through to an online offering [5, 17].

In the mid of March 2020, we had to suspend our regular face-to-face classes under
the emergency policy by the UAE government. In these unfamiliar circumstances, there
was uncertainty and disparity between what to teach, how to teach, where to teach,
how to assess and grade, the workload of lecturers and students, the teaching envi-
ronment, and the implications for education equity [22]. The University faced several
challenges under the newly introduced online policies included: the weakness of the
e-learning infrastructure, the lack of lecturers’ experiences in conducting online classes,
the complex environment at lecturers’ and students’ homes, and so forth.

Out of these challenges, one of the key academic challenges, ourwell-reputed courses
prepared according to sound instructional design principles and successfully delivered
multiple times in a traditional face-to-face classroomenvironment, failed to stimulate stu-
dents’ motivation to learn in an online delivery mode. A fundamental question, “How to
motivate students in an online environment?” and “How to have a sustainable motivation
throughout our courses?”

Exploration of such questions leads to considering holistic models such as the time-
continuum model [20], and Keller’s ARCS model [10]. For this study, we followed
the approach of the latter. The ARCS model represents four categories of motivational
factors; attention, relevance, confidence, and satisfaction. The model includes sets of
motivational enhancement strategies and a motivational design process with application
to any instructional design models [10]. The ARCS model with its basis in the macro-
theory of motivation and performance [8, 9] and grounded from the expectancy-value
theory [16] has been validated from various aspects in many studies [12, 19].

Past studies have applied theARCSmodel in instructional designmodels by combin-
ing it with a flipped-classroom approach [1] to determine the effect on the achievements,
motivation, and self-sufficiency of the students [4]. These studies have found a flipped
classroomas a positive contributor towards enhancing themotivation and self-sufficiency
of the students. In a flipped-classroom instructional design model, the lecturer provides
resources to the students for reading before class and then uses class time to engage
students in various learning activities such as discussions on lecture specific topics, and
collaboration tasks among peers [3].

Moreover, Toussaint and Brown [18] in their study have shown how to increase stu-
dents’ motivation in their course by applying the ARCSmodel and concepts of gamifica-
tion [14] to develop Serious Games for mathematics learning. Another study identified
the lack of the use of innovative teaching materials such as building simulation perfor-
mance tools as key reasons for students’ demotivation as they felt they could not able
to compete with other professionals [6]. In line with the latter, Burke [2] highlighted on
using game mechanics and experience design to digitally engage and motivate people
to achieve their goals.

For this study, we have used the ARCS model, process, and strategies, blending it
with traditional, flipped classroom and gamified teachingmethodologies (from here now
referred to as blended teaching methods - BTM) to deliver an online course. This paper
aims to present amethod to enhance and/or sustain students’motivationby systematically
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aligning the teaching resources of a selected course based on the three-staged students’
feedback analysis (before-course, during-course, and after-course).

The hypothesis for this study is:

H1:ARCSmodel and strategies positively affect an online course delivery throughBTM
to enhance and/or sustain students’ motivation.

– H1a:ARCSmodel and strategies positively affect an online course delivery through
traditional teaching method with a difference in the students’ motivation

– H1b:ARCSmodel and strategies positively affect an online course delivery through
gamified flipped classroom teaching method with a difference in the students’
motivation

– H1c:ARCSmodel and strategies positively affect an online course delivery through
BTM with a difference in the students’ motivation

This paper begins with an overview of the method that formed the basis of this study
in Sect. 2. Section 3 then describes the research findings and discussion. Finally, we
provide the conclusion, examine the study’s ramifications, and explores potential areas
for future research in Sect. 4.

2 Methodology

The participants for this study were 75 undergraduate students aged between 24 and
29 from different educational programs. We divided these participants into two classes
taught by the same IT lecturer. Out of these, 35 were female and 40 were male students.
The 26 participants were from Accounting and Finance programs, 17 from IT/IS pro-
grams, 28 from management programs, and four from the marketing programs. These
participants represented the overall diversity in the university, except that there were no
participants from groups with special needs.

We chose a mandatory IT in Business course to cover participants from a broad
range of educational programs. This was the convenience sampling with the intention
for it to be representative. Like [7], the sample selected with a concern to uncover a
range of students in various programs experience unconventional learning approaches.
The course represented three credit hours with four two-hour lectures per week for
six weeks. We divided the delivery of the course into two phases. In Phase 1 (first three
weeks), we delivered two lectures eachweek through a traditional teachingmethod using
the Blackboard Collaborate and Moodle. At the end of each of the lectures, dedicated
questions and answers time was provided to the students. In Phase 2 (last three weeks),
we used a gamified flipped classroom teaching method for the same participants using
the same tools above, followed by in-classroom tasks and activities. Figure 1 presents a
BTM along with the assessments.

https://doi.org/10.1007/978-3-030-78448-5_1
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Fig. 1. Blended teaching methodologies (BTM)

The seven assessments performed along with their weightage during the BTM
included: (1) one online formal midterm exam via the Moodle and the Respondus lock-
down browser and monitoring tool – 20%, (2) one online formal quiz via the Moodle
and the Blackboard Collaborate (Phase 1) – 10%, and (3) a team project and online
presentation via the Moodle and the Blackboard Collaborate – 30%, (4) one gamified
online quiz via the Kahoot or the Socrative and the Blackboard Collaborate (Phase 2)
– 10%, (5) out-of-the-class activities per lecture (Phase 1), (6) in-class activities per
lecture (Phase 2), and (7) one online formal final exam via the Moodle, the Respondus
lockdown browser and monitoring tool – 30%.

A customised version of the Instructional Material Motivational Survey – IMMS
(Table 1) measured students’ motivation [9, 10], specifically learners’ reactions to the
motivational features of instructional material in terms of attention, relevance, confi-
dence, satisfaction, and overall motivation. These questions were aligned with tools and
techniques of flipped classroom and gamified teaching methodologies applied for this
study. Internal consistency estimates for the IMMS total score and subscales are between
0.81 to 0.96 [15]. The IMMS used all 36 items from Keller’s original 36 items, with
twelve items for attention, nine for confidence, nine for relevance, and six for satisfac-
tion. A five-point Likert-scale was used with a response choice of 1 (not true), 2 (slightly
true), 3 (moderately true), 4 (mostly true), and 5 (very true). The responses were col-
lected from the students at three stages of delivery: before-course, during-course, and
after-course.
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Table 1. IMMS survey 36 questions on ARCS motivational factors

Variable Questions

ATTEN1 There was something interesting at the beginning of this course that got my
attention

ATTEN2 Course delivery mode - is eye-catching

ATTEN3 The quality of the resources helped to hold my attention

ATTEN4 This course was so abstract that it was hard to keep my attention on it

ATTEN5 The design of formal and gamified assessments looks dry and unappealing

ATTEN6 The way the information is arranged in this course helped keep my attention

ATTEN7 This course has things that stimulated my curiosity

ATTEN8 The amount of repetition in this course caused me to get bored sometimes

ATTEN9 I learned some things that were surprising or unexpected

ATTEN10 The variety of classroom activities helped keep my attention

ATTEN11 The style of delivering lectures and conducting the assessments is boring

ATTEN12 There are so many words on each lecture slide that it is irritating

RELE1 It is clear to me how the content of this course is related to things I already know

RELE2 There were examples that showed me how this course could be important to people

RELE3 Completing flipped classroom activities during the sessions were important to me

RELE4 The content of this course is relevant to my interests

RELE5 There are explanations or examples of how people use the knowledge in this
course

RELE6 The content and style of assessments used in this course convey the impression
that its content is worth knowing

RELE7 This course was not relevant to my needs because I already knew most of it

RELE8 I could relate the content of this course to things I have seen, done or thought
about in my own life

RELE9 The content of this course will be useful to me

CONF1 When I first looked at course, I had the impression that it would be easy for me

CONF2 The course was more difficult to understand than I would like for it to be

CONF3 After reading the introductory information, I felt confident that I knew what I was
supposed to learn from this course

CONF4 Many of the slides had so much information that it was hard to pick out and
remember the important points

CONF5 As I worked on this course, I was confident that I could learn the content

CONF6 The activities and assessments in this course were too difficult

(continued)
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Table 1. (continued)

Variable Questions

CONF7 After working on this course for a while, I was confident that I would be able to
pass all course related assessments

CONF8 I could not really understand quite a bit of the material in this course

CONF9 The good organisation of the content helped me be confident that I would learn
this material

SAT1 Completing the activities in this course gave me a satisfying feeling of
accomplishment

SAT2 I enjoyed this course so much that I would like to know more about this topic

SAT3 I really enjoyed studying this course

SAT4 The feedback after the assessments, or of other comments in this course, helped
me feel rewarded for my effort

SAT5 If felt good to successfully complete this course

SAT6 It was a pleasure to work on such a well-designed course

3 Findings and Discussion

For this study, we received 125 online survey responses from 75 students before-course,
during-course, and after-course delivery. To decrease the chance of missing data, the
Moodle learning management systemwas used to collect data from the enrolled students
using aweb-based questionnaire and set the required option for all the 36 questions (Table
1). The before-course responses were 35 out of 75 (total population), with a response
rate of 47%. The during-course responses were 46 out of 75, with a response rate of
61%. For the after-course, 44 students responded with a response rate of 59%. The sum
of average scores against each of the variables was then calculated and used to perform
a test of normality and a paired t-test to their compared means.

To test the hypothesis that the results of before-course (M = 2.57, SD = 1.232),
during-course (M= 3.07, SD= 0.364), and after-course (M= 3.07, SD= 0.289) were
equal, we performed a paired t-test. Before conducting further analysis, we examined the
assumption of normality distributed among different scores. The assumptions considered
satisfied, as the skew and kurtosis level are estimated at−0.221 and−0.793, respectively,
which is less than the maximum allowable values for a t-test (with skew < |2.0| and
kurtosis < |9.0|) [13]. For H1a, the null hypothesis of equal means between before-
course and during-course rejected, t(35) = −2.314, p < 0.05. Conversely, for H1b,
the null hypothesis of equal means between during-course and after-course accepted,
t(35) = −0.154, p > 0.05. The null hypothesis for H1c, with the equal means between
before-course and after-course, was rejected, t(35)=−2.381, P< 0.05. Table 2 presents
the adjusted 95% confidence intervals of the three pairs along with mean and standard
deviations.
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Table 2. Descriptive statistics of the three pairs in the study

95% Confidence
interval of the
difference

Mean Std.
deviation

Lower Upper

Pair 1 −0.942 −0.062 Before-course 2.57 1.232

During-course 3.07 0.364

Pair 2 −0.062 0.053 During-course 3.07 0.364

After-course 3.07 0.289

Pair 3 −0.937 −0.074 Before-course 2.57 1.232

After-course 3.07 0.289

Before the course delivery, the students were very concerned and demotivated about
the online mode of delivery and assessments. This was because of unfamiliarity with the
e-learning education paradigm, weakness of the e-learning infrastructure, the complex
environment at lecturers’ and students’ homes. Based on the before-course students’
evaluation, in Phase 1, the lecturer selected customised strategies aligned with the ARCS
model such as Blackboard Collaborate polling for student attention, taking examples
from students’ areas during lecture delivery to promote relevance, clearly identifying the
rubrics for online assessment and publishing it onMoodle to boost students’ confidence,
and real-time projects based on students’ choices with guidelines for the satisfaction.
Because of these strategies, students’ motivation shown visible improvement in terms
of motivation (pair 1).

At the end of Phase 1, the same students went through during-course evaluation
to assess students’ motivation. There was a significant improvement in the students’
motivation in terms of attention, relevance, confidence, and satisfaction. As a result, in
Phase 2, the lecturer has used a distinct set of customised strategies aligned with the
ARCS model to sustain students’ motivation. This included using gamification tools for
in-class MCQ assessments using the Kahoot and/or the Socrative tools for attention,
scenario-based tasks during flipped classroom group breakout sessions to encourage
relevance, multiple gamified assessments, and the selection of the best attempts towards
final grading to boost confidence, and immediate feedback during the flipped classroom
session for formal assessments. This sustained students’ motivation is clear from pair 2
in Table 2.

At the end of the course delivery, the lecturer evaluated the students one last time to
assess if the blended delivery (Phase 1 + Phase 2) of the course has positively affected
the overall students’ motivation. The overall effect of BTMwas positive on the students’
motivation (pair 3). Figure 2 illustrates the four categories of ARCSmotivational factors
and systematic alignment based on the analysis of the students’motivation before-course,
during-course, and after course delivery.
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Fig. 2. Measurement of ARCS motivational factors - before, during and after the study

4 Conclusion, Limitations and Future Work

As a lecturer or designer, if motivational challenges or deficiencies arise, as it did in
our study because of the COVID-19 outbreak, then it is necessary to first plan a motiva-
tional approach that will overcome these problems [11]. Students’ motivation requires
enhancement only when they are de-motivated [15]. However, if students’ overall moti-
vation is already high, then the lecturer or designer only requires sustaining students’
motivation by using variety in teaching approaches [11] rather than exposing them to
any unnecessary enhancement motivational tactics [9, 10]. In this study, we have shown
the blended use of traditional, flipped classroom and gamified teaching methodologies
in alignment with the ARCS model, process, and strategies with an adaptive imple-
mentation based on students’ feedback before-course, during-course, and after-course
delivery.

Based on the analysis of 125 responses collected from 75 students during three stages
of the course delivery (before-course, during-course, and after-course), we conclude that
an adaptive implementation of BTMalignedwithARCSmodels, process, and associated
strategies can enable the enhancement and/or sustainability of students’ motivation. The
lecturers or designer should identify the right combination of BTMand activities through
iterative motivational feedback of the students during course delivery.

The limitationof this paper is its convenient sampling through enrolled undergraduate
students of the Business in IT course. It does not consider different courses, programs,
colleges, institutes, and educational levels. As a result, the authors cannot generalise the
findings of this paper to other research contexts.
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Future work will focus on applying the recommendations presented in this paper to
enhance courses in different programs in other colleges and educational levels. Besides,
we are also planning to apply virtual reality technology in a project management course
by applying the same BTM as followed in this paper. This will further support inves-
tigating the effects of BTM on the motivation of students to developing their skills in
areas other than IT in Business.
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