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Abstract

Augmented Reality Game-Based Learning (ARGBL) is becoming increasingly relevant in
Technology-Enhanced Learning. Games with AR characteristics, or even AR applications
structured with rules and game elements, are proving to be effective and successful learn-
ing experiences. There is a need to include teachers in the design process. In this paper, two
case studies are shown in order to validate a methodological approach for the co-design of
ARGBL, in which 6 teachers participated. This is a co-design method that proposes a thor-
ough, iterative process guided by design principles and mediated by dialogue among the
stakeholders. Here, the process of co-design with teachers is analyzed and assessed using
mixed-methods observations on the use of the produced ARGBL games with students on
naturalistic environments. The validation process links the usefulness of the ensuing prod-
ucts with the use of the method and shows the benefits of using co-design methods to cre-
ate ARGBL experiences.

Keywords Co-design - Teachers - Augmented reality - Game-based learning

1 Introduction

Augmented Reality (AR) and Game-Based Learning (GBL) are two approaches that have
been used by researchers and developers in recent years to provide enhanced learning expe-
riences (Fotaris et al., 2017; Pellas et al., 2019). On the one hand, AR is the superimposing
of a virtual layer of information over the real world. Given the characteristics of AR tech-
nology, when it is integrated into the learning process it boosts the learning experience by
creating many different learning benefits and opportunities (Bacca et al., 2014; Diegmann
et al., 2015).

On the other hand, we consider GBL as the use of games with learning aims, consider-
ing a game for learning as defined by Steinkuehler and Squire (2014, p. 11), who based
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their definition on Thai et al (2009) as “...a voluntary activity structured by rules, with
a defined outcome and feedback (e.g., points) that facilitates reliable comparisons of in-
player performances...[that] target the acquisition of knowledge as its own end...”. GBL
is based on the fact that games have certain characteristics that allow for “playful learning”
(Klopfer et al., 2009) which in turn offers benefits such as improving motivation, encourag-
ing learning from failure, supporting problem-solving among others (Gee, 2008; Klopfer
et al., 2009).

In this study we consider that the next innovative step in the use of these technologies
has come through the amalgamation of both approaches. This union, which will be referred
to simply as Augmented Reality Game-Based Learning (ARGBL) (Fotaris et al., 2017; Pel-
las et al., 2019; Tobar-Mufioz et al., 2015, 2017), is defined as using games for learning by
applying AR technologies. ARGBL seems to be a natural development because AR learn-
ing experiences may benefit from the more interactive and problem-based approach that
games for learning have, and games for learning may benefit from the augmented experi-
ences that enhance the real world. In the same way, GBL proposes that students benefit
from many properties such as the emotional and motivational aspects of achieving in-game
goals, the rewarding sense, the structuring of the activity via rules that can be used by stu-
dents in order to learn and perform, among other advantages such as those listed by Gee
in his work (Gee, 2005). On the other hand, AR is an immersive technology that allows
students to experience by first hand visual aspects of learning objects and experiment with
them in their own context using 3D and multimedia capabilities of mobile and desktop
devices (Diegmann et al., 2015). For instance, an ARGBL in a biology class could be a 3D
game with the AR visualization of an animal cell with the goal of feeding it and making it
move by using the cell’s organelles functions in a videogame fashion.

In order to bring these experiences to the classroom, more and more, they have to be
created and implemented. However, currently there is a gap between the developers, who
would like to bring these experiences to the classroom, the teachers, who are not aware of
the characteristics of such experiences, and the students, who would be the final users. This
gap has to be closed to successfully bring educational innovations, such as ARGBL games,
to the classroom. This gap enacted the following research question which is addressed in
this paper:

RQ What guidelines should Teachers and Designers follow in order to create a motivating
and pedagogically effective ARGBL experience?

In this paper, a method for the Co-Design of ARGBL experiences is described, applied,
and validated. In the section “background”, we outline the background of studies, para-
digms and other frameworks which were considered before we proposed our method. Next,
the method we developed is briefly described, followed by the two case studies where the
method was applied are described. Then, the validation of the method is shown and, finally,
we show the discussion, conclusions, and future work of this study.

2 Background

Interest in the field has been growing even to the extent that many systematic reviews
have been conducted exploring the use of ARGBL. The study conducted by Weerasin-
ghe et al (2019) studied how 30 ARGBL games were used in studies from 2006 to 2017

@ Springer



Co-Design of Augmented Reality Games for Learning with Teachers:... 903

linking their properties to learning theories such as constructivism and humanism with
positives outcomes. Furthermore, Tobar-Muifioz et al (2017) conducted a review ana-
lyzing 27 instances of ARGBL in many disciplines (mainly on Science learning) and
mostly going from elementary education to early upper education. It is also the case
for Yu et al (2022) who analyzed 46 studies using ARGBL games for STEM educa-
tion. And finally, Alper et al (2021) analyzed 53 scientific studies involving the use of
ARGBL experiences, also mostly on STEM areas but also for subjects such as History
and Native Languages.

Recently, several studies have reported ARGBL experiences with many types of AR
and games (Catal et al., 2020; Fotaris et al., 2017; Koutromanos et al., 2015; Laine, 2018;
Laine et al., 2016; Lépez-Faican & Jaen, 2020; Nuifiez et al., 2008; Ortiz et al., 2018;
Tobar-Mufioz et al., 2017) which in many cases show benefits such as improved collabora-
tion and learning retention.

Some studies have reported ARGBL experiences with many types of AR and games
(Tobar-Muiioz et al., 2017). For example, ARGBL has been demonstrated through Geo-
Located AR (Dunleavy et al., 2008; Klopfer & Sheldon, 2010; Klopfer & Squire, 2008;
Rosenbaum et al., 2007; Squire, 2010; Squire & Jan, 2007), Marker-Based Augmented
Reality (C.-H. Chen et al., 2015; Gomes et al., 2014; Guenaga et al., 2014; Lin et al., 2011;
Marco et al., 2009; Tobar-Muiloz et al., 2014) Image-based (Chen & Chan, 2019), and QR-
Code-based AR (Bressler & Bodzin, 2013). Also, ARGBL is an opportunity to propose
learning activities using board games such as the one proposed by Lin and Hou (2022) and
the one by Li et al (2018), demonstrating how such games improve learning and perfor-
mance while lowering learning anxiety.

ARGBL has gained attention from the scientific community and most studies suggest
that design guidelines should be followed in order to achieve learning and a good imple-
mentation in the learning processes. For example, Weerasinghe et al. (2019) proposed four
design guidelines that advise designers on aspects such as feedback, collaboration, ele-
ments for the real world and modelling the real phenomena. Also, Li et al (2022) proposed
eight design guidelines as well, increasing the need for designers to consider them while
working on their ARGBL games. These design guidelines suggest that designers must be
concerned on the particularities of ARGBL games to propose compelling, playful, and
educational ARGBL games, while teachers are the ones capable of understanding the con-
cepts and the subject matter to be taught. Thus, a co-creation method is timely to fill the
open issue of relating teachers and professional ARGBL designers.

In this paper, an ARGBL co-creation method is proposed and validated; this method is
called Co-CreARGBL. Co-CreARGBL is based on the paradigm of Co-Design for Learn-
ing, which is mainly interested in designing new artifacts, in particular, technologies for
learning. This paradigm of design is especially interested in involving users, not only those
who “lead” or are “creative”, but anyone who is inspired and passionate about participa-
tory design techniques. Consequently, Co-Design for Learning is used to create educational
artifacts and innovations. As defined by Penuel et al., (2007, p. 53), Co-Design for Learn-
ing is a: “highly-facilitated, team-based process in which teachers, researchers, and devel-
opers work together in defined roles to design an educational innovation, realize the design
in one or more prototypes, and evaluate each prototype’s significance for addressing a
concrete educational need”.

While teachers have already been employing Co-Design when creating learning
games, their experiences to date refer to collaborating with their peers and using an
authoring tool but not actually working with professional designers (Frossard, 2013).
The method proposed here emphasizes the need to include both teachers and designers
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in the design process. Teachers contribute with their knowledge of their educational
environment and designers and developers build the actual artifact.

This study argues for the inclusion of teachers in the process of design as a num-
ber of researchers in AR for learning consider that creating AR experiences greatly
benefits from collaboration between designers and teachers (Cuendet et al., 2013; San-
tos et al., 2014). Some new experiences have entered the Co-creation and Augmented
Reality for Learning arena such as the work of Bacca et al. () who describes an appli-
cation, which incorporated inclusive features to support learning in Vocational Educa-
tion and Training (VET) processes.

As it can be seen, ARGBL experiences have shown to be useful for several learning
processes, thus an approach for creating this kind of experiences is of importance.

3 Co-CreARGBL Method

Co-CreARGBL is a co-design method intended to create ARGBL experiences includ-
ing the expertise of both, teachers, and designers. Co-CreARGBL has some general
characteristics which help to picture what the domain of application of the method
is and what its approach is. Co-CreARGBL is a method to guide creative design pro-
cesses of craftsmanship aimed to create learning artifacts. It is also applied to long
processes of design, mediated by dialogue among stakeholders, and guided by design
principles.

Co-CreARGBL proposes the use of a set of roles, which have been defined using the
high-level approach proposed by the Six-Facets model (Marne et al., 2012). The roles
are:

The Leader: who leads and coordinate.

The Designers: who design the game and “scaffold” teacher’s ideas.

The Developers: who construct the game software and assets.

The Researchers: who are involved in the analysis of the game and its use.

The Teachers: who know about the content and the educational context.

The Students: who play. It is desirable for students to participate in the design pro-
cess.

Co-CreARGBL is a three-stage process: training, iterative design, and classroom
evaluation. Each stage has a set of suggested activities to be included in the process.
Each activity has a set of considerations to be taken while conducting the process.

Training: During this stage, teachers get familiarized with the potential of ARGBL.
Iterative Design: Here, the team participates by ideating, designing, and develop-
ing the ARGBL game. The participants work on a series of activities and tasks
under the structure of the first part of the SADDIE process: Specification, Analysis,
Design and Development (Rugelj, 2015; ZapuSek & Rugelj, 2014) including the
relevant activities for AR (augmented elements) and GBL (rules, goals, scenarios).

e Evaluation: Here, the team tests the behavior of the product in a learning environ-
ment and involves deploying the product and observations on the development of
the learning and playing activity as discussed by Carvalho et al (2015).
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4 Applying the Method—Two Case Studies

In order to validate the method, two case studies were conducted. The paradigm applied
to the validation process was Design-Based Research (DBR). DBR is “...a series of
approaches, with the intent of producing new theories, artifacts, and practices that account
for and potentially impact learning and teaching in naturalistic settings.” (Barab & Squire,
2004). With this in mind, a series of interviews were carried out with AR and GBL pro-
fessional designers and teachers to audit important educational aspects and how ARGBL
could impact teaching scenarios. This led to the idea of constructing a method to help them
develop ARGBL experiences collaboratively. In the light of this, a conjecture map —a way
to describe how the researchers believe a practice can help the educational setting— was
proposed (Sandoval, 2014). Table 1 summarizes the conjecture map.

The conjecture map was used to describe the aims of the design experiment. Design
iterations helped to refine the method with input from participating Teachers, Researchers
and Designers.

The two case studies comprised two teams of teachers working along AR and GBL
designers. Bellow, a summary of the participants and their roles in the Co-CreARGBL pro-
cess is shown.

e Team A: 4 Teachers, 2 Leaders, 1 Designer, 1 Researcher, 2 Developers. Worked on an
ARGBL game on the subjects of Geography and Social Sciences

e Team B: 2 Teachers, 2 Leaders, 1 Designer, 4 Developers. Worked on an ARGBL game
about Mother Tongue and Cultural Philosophy.

Each team shows the subject chosen by the Teachers. Teachers were aged varying from
32 to 45 years old. All of them were public-school teachers. None of the teachers had expe-
rience with AR and/or GBL.

In the training sessions, the Teachers experimented with AR authoring tools and AR
applications from the Google Play Store, as well as a variety of games for learning. Teach-
ers were also introduced to the ATMSG model by Carvalho et al. (2015) and the library it
proposes. This model is proposed as guide to follow when creating Serious Games, so it
was used as a basis to propose game mechanics during the iterative design stage.

Teachers in Team B work for a school belonging to the Nasa indigenous community in
the south-west of Colombia. Teachers agreed to work on a learning objective that could be
applied to the subjects belonging to the indigenous culture. Thus, they decided to work on
Mother Tongue which refers to the learning of the Nasa Yuwe (the indigenous culture lan-
guage) and the learning of their traditions.

During the Design Activity, weekly design meetings focused on designing specific parts
of the games. Here, Teachers and Designers listed the main augmentable elements that
could be found in a classroom, from among which they selected the maps of the Cauca
Department for team A and traditional symbols and calendar for Team B. Other augmenta-
ble elements included a set of markers for interaction and information retrieval concern-
ing the game elements using relevant imagery chosen by the Teachers. The Teachers and
Designers built a small set of paper prototypes (Fullerton, 2008) which consisted mainly
on printing the markers-to-be images and specifying some rule testing for the team. When
a prototype idea was accepted by the team, its details were then included in a set of design
documents. Both teams devised a sub-system in the game allowing the students to retrieve
information about the educational content.
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Table 1 Conjecture map developed for the research

Conjecture Embodiment Mediating Pro- Outcomes

(Research general cesses

idea)

A collaborative The Co- The resulting Complex and Educational ARGBL experi-
method helps CreARGBL ARGBL experi- ences
Teachers and Method ences Fostering of Teachers desire to Innovate

Design Profes-
sionals to create
more complex

Two teams work-
ing collabora-
tively applying

Evaluation of stu-
dents after using
the resulting

Students’ Motivation
Students’ Learning Improvement
Students’ Engagement

and educational the method ARGBL experi-
ARGBL experi-  Resulting ARGBL ences
ences experiences in Evaluation of stu-

the classroom dents’ motivation
with students in a Interviews with
natural environ- participating
ment Teachers

4.1 Team A’s Resulting ARGBL Game

This game was an educational Videogame with AR whose Learning Objective was “fo
identify the diversity and richness, (geographical, ecological, and historical) for locals
and tourists alike of the Cauca Department”. This game, called “Una Aventura por
el Cauca” (“An Adventure around Cauca”), is displayed on a mobile device pointing
towards a marker-referenced map (Fig. 1a). The game’s main means of interaction is
via a set of AR markers printed with icons depicting their intended use (Fig. 1b). In the
game, the Students must act as tourist guides whose mission is to lead the “invisible”
visitors (who become visible through the mobile device) to their desired destinations
according to their requirements (Fig. 1c). To this end, Students familiarized themselves
with the characteristics of each municipality through an information system designed to
give facts about the specific municipality (the learning content) and other game-related
information (Fig. 1d).

During the Implementation Activity of the Classroom Evaluation stage, the Lead-
ers and Teachers found a group of schools where they could test the game. The Teach-
ers designed an instructional activity for the classes, which included the game and a
script in keeping with the ATMSG model, Carvalho et al. (2015). During the Evalua-
tion Activity stage, the game was tested in two scenarios. These scenarios were natural
because they comprised a set of 15 and 30 students who interacted with their teachers
and their regular companions in their natural classroom setting as opposed to a labora-
tory setting. These settings are shown in Fig. 2.

4.2 Team B’ Resulting ARGBL Game

Team B’s is a board game with AR (Fig. 3a). It is a Mobile Video-Displayed Marker-
Based AR game to be used with an Android tablet or smartphone. The game works by
pointing the camera at a game board with a set of marker pieces, each of them represent
the elements of the game. The AR system implemented within the software application
allows the game to work as an information source which also incorporates the educa-
tional content.
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The game was called “Cuetaya: Land of Colors” and its goal is to marry the two char-
acters: Sek (Sun) and Cxayu’Ce (Happiness) (Fig. 3b) under the traditional values of the
Nasa culture. The game can also be used to learn about the Nasa calendar known as A’te
Dxi’J (the path of the moon). The calendar is not only printed on the game board, but is
also an interactive augmented calendar visible through the AR device, providing relevant
information (Fig. 3c¢). The game has a marketplace where items can be exchanged for corn
and other materials such as wool, wood and other construction elements (Fig. 3d).

The Evaluation Activity was carried out and evaluated in the indigenous school where
the Teachers participated in the project worked. The evaluation activity was conducted
with 13 Students aged between 8 and 10 years old.

Figure 4 shows the naturalistic environment setting where Teachers and Students used
the ARGBL game.

5 Validating the Method Using the Two Case Studies

The Validation Square (VS) framework (Seepersad et al., 2006) was used to validate the
method. The VS framework is used to validate design methods and considers the validation
of a method as the process of “... building confidence in the usefulness [of the method]
with respect to a purpose” (Seepersad et al., 2006). Unlike other traditional validation pro-
cesses, it considers validation in a holistic and semiformal way which, as its main authors
and other adherents consider, is appropriate to validate design methods that involve aspects
difficult to measure and more subjective considerations. Next, a set of Acceptance Condi-
tions (AC), suggested by VS, are shown.

yuforia®

(c) Alien characters (d) Information System

Fig.1 Team A resulting product "An Adventure around Cauca": An ARGBL game created through Co-
CreARGBL
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Fig.2 Teacher and Students using “An adventure around Cauca” in a naturalistic environment
5.1 AC1 Accepting Parent Constructs’ Validity

Construct’s validity refers to the validity of the theories, recommendations, and structures
in which the design method is supported. We argue that Co-CreARGBL uses stages, roles,
activities and recommendations already supported by AR and GBL literature.Table 2
shows the relationship between the constructs of Co-Cre ARGBL, their corresponding par-
ent construct, and how they support the method.

5.2 AC2 Accepting Internal Consistency

Internal Consistency refers to the way the constructs are assembled in the method. Accept-
ing the consistency means accepting that, for each step in the method, there is adequate
input and output (Seepersad et al., 2006). Figure 5 shows the flow diagram depicting the
flow of information as proposed by Co-CreARGBL.

(c) Lunar calendar (d) Barter System

Fig.3 Team B resulting product "Cuetaya: Land of Colors" an ARGBL game created with Co-CreARGBL
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The flow diagram shows how, from the beginning, each step fuels the subsequent steps.
It shows that, initially, there is a set of tasks that must be carried out before selecting the
teachers who participate in the training stage and Leaders contact schools.

Then, by the end of Training stage, Teachers are expected to have been trained in
the Design Models (DM) and the Principles (Ps) to be used during the design. These
principles, as has been noted in the description of the method, guide the process for
creating games and AR applications. When the Iferative Process starts, the Teachers
(Ts) and the Designers (Ds) who will participate in the process are selected. Then,
the SADDIE process begins. The Specification activity should define the Learning
Objectives (LO), the Educational Content (ECo) and (optionally) the Evaluation Cri-
teria (ECr) in a Specification Document (SD). Note how those elements are being used
afterwards in the process. LOs are used during the Design stage to define the Game
Objectives (GO) and these are used to define the Augmentable Objects (AQO) that will
form part of the ARGBL game. The Analysis activity analyses the elements defined
in the SD and creates an ARGBL game idea (perhaps using the framework that Co-
CreARGBL proposes) and produces an Analysis Document (AD). Then, the design
process defines the rules, mechanics and AOs, interactions, and information, based on
an iterative process that, when necessary, returns to the activities in the Specification
and Analysis stage.

The elements defined during the Design activity then fuel the Development activity
which, in turn, produces a prototype to be used during the Classroom Evaluation stage.
However, note that Students are expected to be in touch with the Digital and Paper Pro-
totypes as they help testing the mechanics and giving ideas. The activities in the last
stage utilize the prototype and define a Learning Activity and Materials based on the
ECo and the ARGBL game. During these activities, an optional Evaluation Instrument
can be designed based on the ECr. From there, there can be a reiteration if needed,
looping back to the Iterative Design stage.

5.3 AC3 Accepting the Adequacy of the Example Problems

Table 3 shows the various characteristics for which the method is intended and the
accomplishment by the example problems.

Fig.4 Teacher and Students using “Cuetaya: Land of Colors” in a naturalistic environment
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Tasks Prior to Training Stage \r P ']
Basic Info. T Tetrainedon |7 ) Lo

Ps, DM ECo
and ARGBL AO

Prototype with Ts & Ds Problems with
AR Physical satisfied with GO,LO or

[ Implementation ](—{ Development ]4 yes: P no yes
J N DigitallPaper a /

prototipes v/ MO Design artifacts
with ARGBL
elements.

Learning Activities and
Evaluation Instruments
(using Ecr and Eco)

Satisfied with
ideas?

yes:

Design

Evaluation

AD = Analysis Document ECo = Educational Content | Ps = Principles
Needs Re- results AO = Augmentable Objects ECr = Evaluation Criteria SD = Specification Document
Design? Ds = Designers GO = Game Objectives Ts = Teachers
DM = Design Models LO = Learning Objectives

Fig.5 Diagram of information flow in Co-CreARGBL

5.4 AC4 Accepting the Usefulness of the Method for the Example Problems

Usefulness of the method, for Co-Cre ARGBL, was considered to be the quality of the
products which in turn was assessed as the increase on Motivation and the observed
Learning Gains.

For both teams, Motivation was assessed using the Intrinsic Motivation Inventory
(IMI) (Ryan, 2006) with a Likert scale using smiley faces as suggested by Mellor and
Moore (2014). The sub-scales used in this study were assessed as Likert Scales and they
included Interest/Enjoyment (seven questions), Effort/Importance (five questions), and
Value/Utility (seven questions).

For Team A, the trial took place in a natural classroom environment with 25 students
(77% male and 23% female) aged between 8 and 10 years old (M =9.07, SD=0.75).
Team B’s trial was also conducted in another naturalistic environment with 14 students
(55% male and 45% female) aged between 9 and 11 years old (M = 10.00, SD =0.86).

In both teams Teachers and Researchers were able to perform a comparative study
against some traditional learning material (i.e. an Info Sheet in the form of a website con-
sidering the same educational content as the game) that teachers would use in this class.
Thus, the IMI included, for each question, an answer for the Info Sheet and an answer for
the ARGBL game.

The analysis of motivation report using the IMI then was done by assigning a score to
each of the Likert scale items (1 to 5 points). The scores were averaged for each sub-scale.
A t-Test performed on each pair of assessments resulted in a significant difference, one
which saw the ARGBL game favored over the Info Sheet (p-value < 0.05 for both teams).
The graph Fig. 6 shows the final results. These results suggest that, judging by the students’
self-report, students were more motivated using the game than the Info Sheet. This is natu-
ral, as the game is a novel and fun way of transmitting the same contents included in the
Info Sheet.
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Table 3 Critical characteristics of Co-CreARGBL compared against the characteristics of the example case
studies

Domain of the method Team A Team B

Heterogeneous groups

Teachers v v
Designers v v
Developers v v
Leaders v v
Researchers v v
Students v v
Different Types of Image-Based AR Games

Board game with AR v

Videogame with AR v
Teachers with different experiences of ARGBL
Teachers with experience of AR

Teachers without experience of AR v v
Teachers with experience of Playful Activities v
Teachers without experience of Playful Activities v v
Different Subjects

One Subject v

Multi-subjects v
Characteristic of the Process

Long process v v
Craftsmanship process v v
Dialogue process v v
Types of AR tracking

Image-recognition v

Marker-recognition v v
Marker-less

Simple AR v v
Designing complex games (non “flashcard” games) v v
Testing in natural environments v v

As for Learning Gains in Team A, the Teachers designed an Evaluation Instrument
based on the themes which formed parts of the Learning Objectives and were labeled as:
Tourism, Festivals, Hydrology, Archeology, Economy and General Aspects of the Cauca
Department. The Evaluation Instrument consisted of a set of simple open questions on the
themes. The assessment consisted of asking the Students a set of questions before they
played the game (Diagnostic Evaluation) and then again after the game (Formative Evalua-
tion). In total, 25 students were analyzed.

For each Student, Teachers scored their answers on a scoring sheet, using a rubric
designed together with the Evaluation Instrument. The rubric gave the Students’ answers
a score of 1 to 10. Figure 7 shows the Students’ scores during the diagnostic and formative
evaluation for each of the themes defined in the Evaluation Instrument.

A Wilcoxon matched-pairs signed-ranks test conducted on the data the scores provided,
demonstrated a significant increase in the scores (N=25, T=25, p-value <0.05).
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For Learning Gains in Team B, the Teachers planned a Diagnostic Dialogue to be con-
ducted before the learning activity using the ARGBL game. A diagnostic text for each of
the students was generated based on the documentation (Diagnostic Evaluation) and with
the help of the Teachers, to assess the Students’ previous knowledge of the themes planned
for the learning session. Then, Teachers conducted an evaluation activity consisting of ask-
ing the children to draw picture of what they had learned after playing the ARGBL game.
After the evaluation activity the Teacher wrote an evaluation report (Formative Evaluation)
for each of the Students and a “Final Observations”™ text.

All the evaluation texts (Diagnostic, Formative and Final Observations) were ana-
lyzed by two independent researchers who agreed on a set of labels to be used to code
each of the evaluation texts. Coders agreed to use the coding based on an agreed for-
mula: < Category > : < Specification > : < Theme >. The category part of the code was
used to define the aspect that was being observed in the students’ answers or in the
evaluative texts such as the student’s “Previous Knowledge” or whether a “Difficulty
or Lack” had been identified. The specification part of the code was used to determine
the aspect evaluated such as “Recognition of a Concept” for the Previous Knowledge
category and the Theme was a free word that described what the evaluation was about.

The evaluation was conducted by the coders to try and find the learning gains of the
students according to the judgment of the Teacher. The two researchers who coded the
evaluation text agreed 68.57% of the time. A final coding was agreed through mediation
which sought consensus.

e Diagnostic Evaluation

o Previous Knowledge: Associates: Nature and Family (15), Considers themselves:
Nasa Being (15), Recognizes: Nature items (14), Recognizes: Nasa Yuwe (7), Rec-
ognizes: Nasa Rituals (4), Recognizes: Uma and Tay (3)

o Difficulty/Lack: Does not Recognize: Nasa Calendar (15), Does not Recognize:
Moon Phases (14), Does not Recognize: Nasa Rituals (8)

e Formative Evaluation
o Learning: Gives Importance to: Nature (7), Gives Importance to: Construction of
the House (3), Gives Importance to: Family Values (3)

o Difficulty/Lack: (none)

e Final Observations

35 o 35
v g
30 ) 30
8 Binfosheet 8> Binfosheet
wv 4 wv 4
2,0 COARGBL 2,0
15 Game 15 D ARGBL

Game

Interest/Enjoyment  Effort/Importance  Value/Usefulness Interest/Enjoyment  Effort/Importance  Value/Usefulness

Fig.6 Results from the Motivation assessment of both teams’ games against the Info Sheets using the IMI
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Fig.7 Student scores during Team A’s Classroom Evaluation

o Positive Outcome: Nasa Rituals (7), Nasa Calendar (6), Moon Phases (8), Tradi-
tional symbols (3), Nasa Yuwe (3), Maize Crops (3), Traditional Barter (3)
o Negative Outcome: (none)

As a final conclusion, judging by the coding of the evaluation texts, Students seem to
have acquired basic knowledge on the themes purported by the Teachers. Perhaps, the
use of the ARGBL experience would have resulted in clearer results had the themes been
addressed directly by the teacher and not as part of a broader class. On the bright side,
the activity had a positive impact on the students by helping them to recognize the basic
aspects of the Nasa traditions and family values. On the bright side, the activity had a posi-
tive impact on the students by helping them to recognize the basic aspects of the Nasa tra-
ditions and family values. Future applications of the ARGBL experience and more in-depth
studies are needed to conclude the final impact the game has.

5.5 AC5 Accepting Usefulness is Linked to the Method

A checklist of tasks was prepared and verified according to the activities performed dur-
ing the Co-Design process. This resulted in the number of activities suggested by Co-
CreARGBL that were performed by each team.

A total of 123 tasks were planned, and while some of them were transversal (i.e. to be
applied to most of the activities throughout the process) they were assigned to each activity
where they were relevant. The completion of the tasks resulted in 88% completion by Team
A and 82% by Team B.

Moreover, to gather information on teacher comprehension of the process, a set of three
interviews were conducted with the Teachers who acted as designers. The first interview
was immediately after the start of the process, another followed the Development activity,
and the final one was held once the process had been finalized. A Thematic Analysis was
conducted on the recorded interviews. Next, the most relevant themes regarding Teacher
comprehension are described.
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5.5.1 Comprehension of the Training Stage.

Although Teachers do not use formal terms, their answers show that they understand and
value the importance of the Training stage, which they called “capacitacion” (a process of
ongoing training). The following are excerpts from the interview:

[The training stage] is a strategy that helps... because it is hard to unlearn stuff you
come with...

[The training stage] is important, because it tells them [teachers] what the uses of a
learning game are

Teachers considered that the design is supposed to be guided by a set of principles.
However, Teachers were unable to recite them later; however, in their own words they
mention principles. For example, they mentioned: Understanding, innovation, motivation,
fun, analysis of educational content, avoid behaviorism, usability, didactics, play, stealth
learning, and attractiveness, among others.

5.5.2 Comprehension of the Iterative Design Stage

Teachers’ answers here demonstrate that they have a general understanding of this stage.
They appreciate the process that was being conducted as an iterative process of design.
Teachers value positively the process during their discourse. They thought it was important
that the process was iterative, collaborative, and interdisciplinary.

I think above all there is the design... before moving on to the game... The main
thing is to design what we want to do, specify the learning object and then the game’s
objective, which are quite different

When we proposed the contributions then we saw whether they would work or fail...
If the idea was not pedagogical, or it wasn’t aligned with the learning objectives then
we adjusted it to modify it...

Based on the information that was given (the educational content) they [the design-
ers] created the design... but when we saw flaws or inconsistencies, we improved it.

5.5.3 Comprehension of the Evaluation in Classroom Stage

Teachers were asked to give a brief step-by-step outline of this stage. In their answers, they
also mentioned the tasks involved in classroom evaluation: correct the design, observe the
learning outcomes, implement the game with students in the classroom, observe how stu-
dents receive the game, and evaluate the capacity of the game to reach the learning objec-
tive, among others.

Teachers explained that during this activity the school was supportive and helped by
allowing the Students to be evaluated and the research to be carried out in the school. One
Teacher explains that, “... the school helped us when we explained to them that we were
bringing an Augmented Reality tool and it was innovation for our school...”.

In general, the thematic analysis suggests that Teachers comprehend the method they
were following and its objectives, and they were able to grasp some concepts pertaining to
the Co-Design of ARGBL games and experiences. Nonetheless, while they have a general
understanding, they are not experts in the field, nor are they required to be.
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5.6 AC6 Accepting the Usefulness of the Method Beyond Examples

According to the VS, usefulness beyond the examples is validates through a set of argu-
ments in favor of the use of the method based on previous AC’s (Seepersad et al., 2006).

On one hand, the method is consistent with other methodologies for building Learn-
ing Resources with Games and with Augmented Reality. The method is in many ways a
restructuring of those constructs and it considers many important aspects (such as Aug-
mentable Objects) of designing and developing learning resources using games and Aug-
mented Reality. On the other hand, the method has demonstrated internal consistency by
showing how the different stages and activities complement each other by offering the right
information and requiring the actors in the process to produce information adequate for the
AR game.

Two case studies were used to validate the method in real scenarios. These case stud-
ies have been analyzed and validated from a theoretical and performance point of view.
With the arguments mentioned in the previous sections, the case studies prove adequate
as they classify any problems where the method is to be used as acceptable. The method
was useful for the two cases and its usefulness seems to be linked to applying the method.
Moreover, the teams in the case studies followed the tasks that were planned following Co-
CreARGBL which suggests that the usefulness of the results is linked to the method.

Note that, the case studies in which the method was applied involved teams with little
to no funding at all and Designers and Teachers participated voluntarily. Thus, while the
method is intended to be used with Teachers who do not have access to full funding and
simple AR, better results are to be expected if the process were to be applied to a bigger,
better-funded project.

It is noteworthy that the theoretical performance of the method greatly depends on the
expertise of the Designers, the willingness of the Teachers and the capacity of the Leaders
to conduct the process. Note also, that the method is intended for long-term projects that
span months, not short-term projects and/or simple quiz-like or authored games and this
should be considered.

6 Discussion

We argue that ARGBL experiences for learning harness the potential of analog and digital
gaming offering students with compelling experiences which can be used to both socialize
and learn while motivation students. Also, we show that an effective way to create ARGBL
games and experiences is to follow a method that guides the work of teachers and pro-
fessionals’ game and AR developers through a Co-Design approach. As the experiences
described here show, following this approach is effective as the teams described here were
able to create two ARGBL experiences and take them into the classroom. This was a col-
laborative effort where teachers participated as designers and other professionals were in
charge of a building the ARGBL game; thus, the teachers were not encumbered with the
burden of having to build the ARGBL game.

Furthermore, in the literature review conducted there were some constructs such as
design models, frameworks and recommendations for creating AR applications for learn-
ing. These constructs were considered in the design of the proposed method and include the
uses of AR that Santos et al., (2014) report in their studies, the affordances of Cheng and
Tsai (2012), and the directions of AR in education by Yuen et al. (2011). These constructs
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are very similar to the ones for GBL design i.e. often very high level and deal only with
general aspects of the AR design of applications. Again, the method proposed here is a
consolidation of these constructs to combine AR applications with games and render them
useful for the classroom.

In the past, other approaches have been proposed for creating AR and/or games for
learning, especially authoring tools (Eldokhny & Drwish, 2021; Frossard, 2013; Lim &
Lee, 2013; Lytridis, 2018; Marfisi-Schottman et al., 2010; Mehm et al., 2012; Mellini
et al., 2011; Proactive, 2011). However, authoring tools, by nature, create simpler AR
or GBL experiences, because they are made for non-expert users such as the Teach-
ers. The Co-Design approach of Co-CreARGBL is different in that it advocates many
people from different backgrounds participating in a collaborative effort, which in time
allows for more complex experiences. However, this brings to the fore the issue that,
while authoring tools may be used in days or weeks, a Co-Design process may take
weeks or months, something which may not be desirable for some teachers or institu-
tions. The advantage to Co-Design approaches such as the Co-CreARGBL method is
that the complex experiences created can be utilized in other environments such as other
subject classes, schools or playgrounds, thus fully exploiting the extra time required to
create them. To the extend of our knowledge, no method to relate Teachers and Pro-
fessional Designers has been proposed, explored, and validated as most studies have
focused on creating simple experiences by Teachers. Furthermore, similar methodologi-
cal approaches to create educational resources have been proposed in the past. However,
these approaches are often either too general or do not consider aspects like Co-Design
or the particular considerations of AR and/or GBL. Co-CreARGBL is an approach that
taps into the particular aspects of ARGBL and aims to be a useful repository of ARGBL
principles, properties, and other important considerations in ARGBL design.

The Validation Square (Seepersad et al., 2006) was used as the validation framework
for Co-CreARGBL because of the characteristics of its process. This framework was
chosen because it considers the validation of the method as a process of building confi-
dence on its usefulness, and it understands usefulness as whether the method provides
design solutions correctly and with acceptable operational performances. We argue
that this style of validation is the most adequate for a method such as Co-CreARGBL
because it does not focus on a strict, objective, or mathematical validation, but rather
on a holistic one that considers the validity of the method from several perspectives, all
of which have been presented to build confidence in Co-CreARGBL’s validity. None-
theless, this comes with a drawback because building confidence in the validity of the
method greatly depends on the case examples taken into account and while the exam-
ples given here have proven to be adequate to be used as example problems to vali-
date the method, they were very specific cases, and thus their generalizability is limited.
Moreover, the validation was carried out in naturalistic environments, as opposed to
controlled scenarios in laboratory environments. While this may be seen as a drawback,
we feel that it is in fact an advantage given the suggestions of Design-Based Research
(Barab & Squire, 2004). This approach to research of educational artifacts argues that
educational innovations (such as the ones produced by Co-CreARGBL) should be tested
in a real environment without excluding the context of the educational environment.

It is important to recognize some limitations of this study. On one hand, the method
was built in accordance with the participants, thus, biased answers are expected. Future
works should work along blind Teachers, using the method only to guide them in order
to find out unbiased answers. As acknowledged in the intended uses of the method,
the method proposed is not intended as a one-off rapid method for designing ARGBL
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experiences but to be used in longer processes, which renders it as not useful for teach-
ers just wanting a simple experience for short-term use in a single class. In this sense,
perhaps, an authoring tool is recommended. This feature also places some limitations on
the validation study because as the validation was based on case studies, those studies
needed to span months, thus, the validation case studies were limited to just two (Team
A and B). Results on the studies on motivation and learning gains are also limited, as
the groups of students were scarce, and the usage of the experiences was only one in a
transversal observation. More data is needed to extract generalizable conclusions. Also,
due to limitations of the training program’s funding, the observations in the naturalistic
environments were limited to three with a qualitative study with few students, so more
experiences like these should be enacted to extract further conclusions on the validity of
the method.

7 Conclusions and Future Work

This paper has outlined an approach to the Co-Design of Augmented Reality Games for
Learning named Co-CreARGBL. It also has shown a validation process conducted with
two case studies where teachers and game design and AR professionals built ARGBL
games and experiences that were then tested in real classrooms.

The method was applied into two case studies. These case studies were used as example
problems in a validation process that used the Validation Square as the framework for vali-
dating Co-CreARGBL as a design method.

Arguments have been presented to support the method’s validity. For the validation, a
set of Acceptance Conditions were observed, and for each of them, arguments based on the
data collected from the case studies are outlined. The validation shows how the method is
valid for further experiences and applications.

The results of the validation process suggest that the Co-CreARGBL method is use-
ful in guiding the design, creation, and evaluation of ARGBL artifacts in the classroom.
As it has been shown in this paper, the method is meant to guide Co-Design teams made
up of Teachers and Designers alike, and it is guided by principles related to Game-Based
Learning and Learning with Augmented Reality. With this, it is argued that the original
Research Question “What guidelines should Teachers and Designers follow in order to cre-
ate a motivating and pedagogically effective ARGBL experience?” has been answered as
the method has shown the guidelines and the resulting ARGBL games have shown to be
effective experiences on learning and motivation by engaging students.

Implications for theory, methodology and pedagogical practice.

Building on the previous arguments and the evidence presented, we argue that this
has implications for future research. On one hand, researchers and practitioners are pre-
sented with a validated and effective approach on how to design, produce and introduce
Augmented Reality Experiences with Games and Board games into the classroom. The
complexity of the results is, as the results suggest, explained by the dialogical nature of a
method that involves teachers and designers alike. Also, according to the answers by teach-
ers, such a method allows them (i) to be aware of novel and effective technologies such
as games and AR that can help them tackle challenges in the classroom while allowing
them to innovate (ii) Such a method helps teachers to be more involved on the pedagogi-
cal, didactical, and content-wise elements of the experience rather than on the design and
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development of the actual artifact. (iii) in a similar sense, professional designers while
aware and skilled on the practice of designing and developing are rarely aware of pedagogi-
cal and contextual aspects.

Results on our design experiments following the Design-Based Research, suggest that
this is a useful paradigm when researchers want to explore not only some variables in a
controlled context, but when they want to assure that the natural noise of the classroom is
involved in the use of the learning artifact. According to this, implication on methodolo-
gies for future practitioners include (i) the inclusions of teachers and students early on the
design process does benefit the complexity and educational effectiveness of the learning
artifact (ii) the iterative nature of design and testing helps designers to improve sequential
increments on the artifact being created.

Finally, our results suggest that, as some authors have noted in the past (Hargreaves,
1994; Morales, 2019) educational innovation such as ARGBL should involve impor-
tant actors such as teachers, school and innovations centers which include collaborative
methods to improve the educational practice. The examples presented here and the Co-
CreARGBL method are in support of such methods, that adequately adapted may be used
to co-create other technological and pedagogical innovations apart from AR and GBL.

This said, future work could include using the method with other ARGBL parameters.
For example, other technologies and types of AR and games can be used to discern if there
are any differences with the ones used in the cases presented here. Moreover, since Co-
CreARGBL proposes a set of considerations to be followed when working on its activities,
interesting observations may issue from projects using other considerations, frameworks,
or design tools.

Acknowledgements Many thanks to the teachers, experts and students who participated in the Co-Design
teams in this study. Thanks also to PhD Carolina Gonzalez and the team at the Samsung Smart School in
Popayan Colombia, for helping make this project happen. This work was supported, in part, by the Spanish
Ministerio de Economia, Industria y Competitividad through the Open Co-Creation Project under Grant
TIN2014-53082-R in part, by the Comunicacions i Sistemes Distribuits project 2016-2018 through the Uni-
versity of Girona under Grants MPCUdG2016 and GdRCompetUdG2017/06, and the Catalonian govern-
ment consolidated group 2017-SGR-155

Funding Open Access funding provided thanks to the CRUE-CSIC agreement with Springer Nature. This
work was supported, in part, by the Spanish Ministerio de Economia, Industria y Competitividad through
the Open Co-Creation Project under Grant TIN2014-53082-R in part, by the Comunicacions i Sistemes
Distribuits project 20162018 through the University of Girona under Grants MPCUdG2016 and GdRCom-
petUdG2017/06, and the Catalonian government consolidated group 2017-SGR-155.

Data Availability Data and Materials used in and resulting from this research are available as MS Excel
Spreadsheets and Atlas.TI files at http://bcds.udg.edu/ARGBL.

Code Availability Software resulting from the co-design process used for this research can be found as
installable packages at: http://bcds.udg.edu/ARGBL.

Declarations

Conflict of interest The authors declare that they have no conflict of interest.

Research Involving Human Participants and/or Animals Research was conducted on adult teachers and chil-
dren. The observations were held under the frame of a local ongoing training called “Creative Teachers”. All
procedures performed in this study were following strictly the ethical guidelines of the University of Cauca,
Colombia.

Informed Consent Adult teachers and student’s participation was voluntary and informed consent was

obtained from the teachers and from all the participants’ parents or legal tutors.

@ Springer


http://bcds.udg.edu/ARGBL
http://bcds.udg.edu/ARGBL

920 H.Tobar-Mufioz et al.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alper, A., Sengiin Ozta§, E., Atun, H., Cinar, D., & Moyenga, M. (2021). A Systematic literature review
towards the research of game-based learning with augmented reality. International Journal of Technol-
ogy in Education and Science, 5(2), 224-244. https://doi.org/10.46328/ijtes.176

Bacca, J., Fabregat, R., Baldiris, S., Graf, S., & Kinshuk. (2014). Augmented reality trends in education: A
systematic review of research and applications. Educational Technology & Society, 17(4), 133-149.

Bacca, J., Baldiris, S., Fabregat, R., Kinshuk, & Graf, S. (2015). Mobile augmented reality in vocational
education and training. Procedia Computer Science, 75, 49-58.

Bacca, J., Baldiris, S., & Fabregat, R. (2019). Framework for designing motivational augmented reality
applications in vocational education and training. Australasian Journal of Educational Technology, 3,
3s.

Barab, S., & Squire, K. (2004). Design-based research: Putting a stake in the ground. Journal of the Learn-
ing Sciences, 13(1), 1-14. https://doi.org/10.1207/s15327809j1s1301_1

Branch, R. M. (2010). Instructional design: The ADDIE approach. Berlin: Springer. https://doi.org/10.1007/
978-0-387-09506-6

Bressler, D. M., & Bodzin, A. M. (2013). A mixed methods assessment of students’ flow experiences during
a mobile augmented reality science game. Journal of Computer Assisted Learning, 29(6), 505-517.
https://doi.org/10.1111/jcal.12008

Carvalho, M. B., Bellotti, F., Berta, R., De Gloria, A., Sedano, C. L., Hauge, J. B., Hu, J., & Rauterberg, M.
(2015). An activity theory-based model for serious games analysis and conceptual design. Computers
& Education, 87, 166-181. https://doi.org/10.1016/j.compedu.2015.03.023

Catal, C., Akbulut, A., Tunali, B., Ulug, E., & Ozturk, E. (2020). Evaluation of augmented reality tech-
nology for the design of an evacuation training game. Virtual Reality. https://doi.org/10.1007/
$10055-019-00410-z

Chen, R. W., & Chan, K. K. (2019). Using augmented reality flashcards to learn vocabulary in early child-
hood education. Journal of Educational Computing Research, 57(7), 1812—1831. https://doi.org/10.
1177/0735633119854028

Chen, C.-H., Ho, C.-H., & Lin, J.-B. (2015). The development of an augmented reality game-based learn-
ing environment. Procedia - Social and Behavioral Sciences, 174, 216-220. https://doi.org/10.1016/].
sbspro.2015.01.649

Cheng, K.-H., & Tsai, C.-C. (2012). Affordances of augmented reality in science learning: Suggestions for
future research. Journal of Science Education and Technology, 22(4), 449-462. https://doi.org/10.
1007/s10956-012-9405-9

Cober, R., Tan, E., Slotta, J., So, H., & Konings, K. (2015). Teachers as participatory designers: Two case
studies with technology-enhanced learning environments. Instructional Science, 43(2), 203-228.

Cuendet, S., Bonnard, Q., Do-Lenh, S., & Dillenbourg, P. (2013). Designing augmented reality for the class-
room. Computers and Education, 68, 557-569. https://doi.org/10.1016/j.procs.2015.12.203

Diegmann, P., Schmidt-Kraepelin, M., Van Den Eynden, S., & Basten, D. (2015). Benefits of augmented
reality in educational environments—A systematic literature review. Benefits, 3(6-2015), 1542—1556.

Dunleavy, M., Dede, C., & Mitchell, R. (2008). Affordances and limitations of immersive participatory aug-
mented reality simulations for teaching and learning. Journal of Science Education and Technology,
18(1), 7-22. https://doi.org/10.1007/s10956-008-9119-1

Eldokhny, A. A., & Drwish, A. M. (2021). Effectiveness of augmented reality in online distance learning
at the time of the COVID-19 pandemic. International Journal of Emerging Technologies in Learning,
16(9), 198-218. https://doi.org/10.3991/ijet.v16i09.17895

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.46328/ijtes.176
https://doi.org/10.1207/s15327809jls1301_1
https://doi.org/10.1007/978-0-387-09506-6
https://doi.org/10.1007/978-0-387-09506-6
https://doi.org/10.1111/jcal.12008
https://doi.org/10.1016/j.compedu.2015.03.023
https://doi.org/10.1007/s10055-019-00410-z
https://doi.org/10.1007/s10055-019-00410-z
https://doi.org/10.1177/0735633119854028
https://doi.org/10.1177/0735633119854028
https://doi.org/10.1016/j.sbspro.2015.01.649
https://doi.org/10.1016/j.sbspro.2015.01.649
https://doi.org/10.1007/s10956-012-9405-9
https://doi.org/10.1007/s10956-012-9405-9
https://doi.org/10.1016/j.procs.2015.12.203
https://doi.org/10.1007/s10956-008-9119-1
https://doi.org/10.3991/ijet.v16i09.17895

Co-Design of Augmented Reality Games for Learning with Teachers:... 921

Fotaris, P., Pellas, N., Kazanidis, I., & Smith, P. (2017). A systematic review of Augmented Reality
game-based applications in primary education. In Conference: 11th European conference on games
based learning (ECGBL).

Frossard, F. (2013). Fostering teachers’ creativity through the creation of GBL scenarios. Universitat de
Barcelona. http://www.tdx.cat/handle/10803/130831

Fullerton, T. (2008). Game design workshop: A playcentric approach to creating innovative games. In
Technology.

Gee, J. P. (2005). Good video games and good learning. Phi Kappa Phi Forum, 85(2), 33-37.

Gee, J. P. (2008). Cats and portals: Video games, learning and play. American Journal of Play, 1(2),
233-241.

Gomes, L., Martins, V. F., Dias, D. C., & Guimaraes, M. D. P. (2014). Music-AR: Augmented reality in
teaching the concept of sound loudness to children in pre-school. XVI Symposium on Virtual and Aug-
mented Reality, 2014, 114-117. https://doi.org/10.1109/SVR.2014.14

Guenaga, M., Menchaca, 1., Dziabenko, O., Garcia-zubia, J., & Salazar, M. (2014). Serious games,
remote laboratories and augmented reality to develop and assess programming skills. In S. A. Mei-
jer & R. Smeds (Eds.), Frontiers in gaming simulation (pp. 29-36). Springer. https://doi.org/10.1007/
978-3-319-04954-0_4

Hargreaves, A. (1994). Changing teachers, changing times: teachers’ work and culture in the postmodern
age. In Teacher development.

Hunicke, R., LeBlanc, M., & Zubek, R. (2004). MDA: A Formal Approach to Game Design and Game
Research. In Workshop on challenges in game AI (pp 1-4).

Jarvinen, A. (2008). Games without Frontiers: Theories and methods for game studies and design. In
Game Studies (Vol. 7).

Klopfer, E., & Sheldon, J. (2010). Augmenting your own reality: Student authoring of science-based aug-
mented reality games. New Directions for Youth Development, 2010(128), 85-94. https://doi.org/10.
1002/yd.378

Klopfer, E., & Squire, K. (2008). Environmental detectives—The development of an augmented reality
platform for environmental simulations. Educational Research Technology & Development, 56(2),
203-228.

Klopfer, E., Osterweil, S., & Salen, K. (2009). Moving learning games forward. In Education Arcade.
Education Arcade.

Koutromanos, G., Sofos, A., & Avraamidou, L. (2015). The use of augmented reality games in education:
A review of the literature. Educational Media International, 52(4), 253-271. https://doi.org/10.1080/
09523987.2015.1125988

Laine, T. H. (2018). Mobile educational augmented reality games: A systematic literature review and two
case studies. Computers, 7(1), 19. https://doi.org/10.3390/computers7010019

Laine, T. H., Nygren, E., Dirin, A., & Suk, H. J. (2016). Science Spots AR: A platform for science learning
games with augmented reality. Educational Technology Research and Development, 64(3), 507-531.
https://doi.org/10.1007/s11423-015-9419-0

Li, C.-T., Keng, S.-H., Li, Y.-Y., Fang, Y.-S., & Hou, H.-T. (2018). The development and evaluation of
an educational board game integrated with augmented reality, role-playing, and situated cases for
anti-drug education.

Li, J., van Der Spek, E., Hu, J., & Feijs, L. (2022). Design guidelines for augmented reality serious games
for children. IEEE Access, 10(2021), 66660—-6667 1. https://doi.org/10.1109/ACCESS.2022.3184775

Lim, S., & Lee, J. (2013). An immersive augmented-reality-based e-learning system based on dynamic
threshold marker method. ETRI Jounnal, 35(6), 1048—1057. https://doi.org/10.4218/etrij.13.2013.0081

Lin, Y.-C., & Hou, H.-T. (2022). The evaluation of a scaffolding-based augmented reality educational board
game with competition-oriented and collaboration-oriented mechanisms: Differences analysis of learn-
ing effectiveness, motivation, flow, and anxiety. Interactive Learning Environments. https://doi.org/10.
1080/10494820.2022.2091606

Lin, H. C. K., Hsieh, M. C., Wang, C. H,, Sie, Z. Y., & Chang, S. H. (2011). Establishment and usability
evaluation of an interactive ar learning system on conservation of fish. Turkish Online Journal of Edu-
cational Technology, 10(4), 181-187.

Lépez-Faican, L., & Jaen, J. (2020). EmoFindAR: Evaluation of a mobile multiplayer augmented reality
game for primary school children. Computers and Education. https://doi.org/10.1016/j.compedu.
2020.103814

Lytridis, C. (2018). ARTutor—An augmented reality platform for interactive distance learning. Educa-
tion Sciences, 8(1), 6. https://doi.org/10.3390/educsci8010006

Mellor, D., & Moore, K. A. (2014). The use of likert scales with children. Journal of Pediatric Psychol-
0gy, 39(3), 369-379. https://doi.org/10.1093/jpepsy/jst079

@ Springer


http://www.tdx.cat/handle/10803/130831
https://doi.org/10.1109/SVR.2014.14
https://doi.org/10.1007/978-3-319-04954-0_4
https://doi.org/10.1007/978-3-319-04954-0_4
https://doi.org/10.1002/yd.378
https://doi.org/10.1002/yd.378
https://doi.org/10.1080/09523987.2015.1125988
https://doi.org/10.1080/09523987.2015.1125988
https://doi.org/10.3390/computers7010019
https://doi.org/10.1007/s11423-015-9419-0
https://doi.org/10.1109/ACCESS.2022.3184775
https://doi.org/10.4218/etrij.13.2013.0081
https://doi.org/10.1080/10494820.2022.2091606
https://doi.org/10.1080/10494820.2022.2091606
https://doi.org/10.1016/j.compedu.2020.103814
https://doi.org/10.1016/j.compedu.2020.103814
https://doi.org/10.3390/educsci8010006
https://doi.org/10.1093/jpepsy/jst079

922 H.Tobar-Mufioz et al.

Marco, J., Cerezo, E., & Baldassarri, S. (2009). Evaluating a tangible game video console for kids. In Lec-
ture notes in computer science (including subseries lecture notes in artificial intelligence and lecture
notes in bioinformatics), 5726 LNCS (pp 141-144). https://doi.org/10.1007/978-3-642-03655-2_17

Marfisi-Schottman, 1., George, S., & Tarpin-Bernard, F. (2010). Tools and methods for efficiently designing
serious games. In B. Meyer (Ed.), Proceedings of the 4th European conference on games based learn-
ing (pp. 226-234).

Marne, B., Wisdom, J., Huynh-Kim-Bang, B., & Labat, J.-M. (2012). The six facets of serious game design:
A methodology enhanced by our design pattern library. In Twenty-first century learning for Twenty-
first century skills (Vol. 7563, pp. 208-221). https://doi.org/10.1007/978-3-642-33263-0.

Mehm, F., Konert, J., Gobel, S., & Steinmetz, R. (2012). An authoring tool for adaptive digital educational
games. In Proceedings of the 7th European conference on technology enhanced learning (EC-TEL’12)
(pp 236-249). https://doi.org/10.1007/978-3-642-33263-0.

Mellini, B., Talamo, A., Giorgi, S., Trifonova, A., Frossard, F., & Barajas, M. (2011). Psycho-pedagogical
[framework for fostering creativity.

Morales, F. O. (2019). Los retos de las innovaciones educativas hoy: Los docentes, las escuelas y los centros
de innovacion. Revista Educacion Y Ciudad, 2(39).

Nuiiez, M., Quirds, R., Nuiiez, I., Carda, J. B., & Camabhort, E. (2008). Collaborative augmented reality for
inorganic chemistry education. In Lloret Mauri, J., Zaharim, A., Kolyshkin, A., Hatziprokopiou, M.,
Lazakidou, A., Kalogiannakis, M., Siassiakos, K., & Bardis, N. (Eds.), WSEAS International Con-
ference. Proceedings. mathematics and computers in science and engineering (Vol. 5, pp. 271-277).
WSEAS.

Ortiz, A., Vitery, C., Gonzalez, C., & Tobar-Muiioz, H. (2018). Evaluation of an augmented reality multi-
player learning game. In Lecture notes in computer science (including subseries lecture notes in arti-
ficial intelligence and lecture notes in bioinformatics), 11243 LNCS (pp. 91-100). https://doi.org/10.
1007/978-3-030-02762-9_10

Pellas, N., Fotaris, P., Kazanidis, 1., & Wells, D. (2019). Augmenting the learning experience in primary
and secondary school education: A systematic review of recent trends in augmented reality game-
based learning. Virtual Reality. https://doi.org/10.1007/s10055-018-0347-2

Penuel, W. R., Roschelle, J., & Shechtman, N. (2007). Designing formative assessment software with
teachers: An analysis of the co-design process. Research and Practice in Technology Enhanced
Learning, 02(01), 51-74. https://doi.org/10.1142/S1793206807000300

Proactive. (2011). When teachers become game designers: Guidelines for creative game-based learning
practices. In Work.

Roschelle, J., & Penuel, W. R. (2006). Co-design of innovations with teachers: definition and dynamics. In
Proceedings of the 7th international conference on learning sciences (pp. 606-612).

Rosenbaum, E., Klopfer, E., & Perry, J. (2007). On location learning: Authentic applied science with net-
worked augmented realities. In Journal of science education and technology (Vol. 16, pp. 31-45).
https://doi.org/10.1007/s10956-006-9036-0

Rugelj, J. (2015, October 1). Serious games design as collaborative learning activity in teacher education.
In The 9th European conference on games based learning. https://doi.org/10.13140/RG.2.1.2832.4323

Ryan, R. M. (2006). Intrinsic motivation inventory (IMI). Self-determination theory an approach to human
motivation and personality. http://www.selfdeterminationtheory.org/questionnaires/10-questionnaires/
50

Sandoval, W. (2014). Conjecture mapping: An approach to systematic educational design research. Jour-
nal of the Learning Sciences, 23(August 2014), 18-36. https://doi.org/10.1080/10508406.2013.
778204

Santos, M. E. C., Yamamoto, G., Taketomi, T., Miyazaki, J., & Kato, H. (2013). Authoring augmented real-
ity learning experiences as learning objects. In IEE 13th international conference on advanced learn-
ing technologies (ICALT 2013) (pp 506-507). https://doi.org/10.1109/ICALT.2013.165

Santos, M. E. C., Chen, A., Taketomi, T., Yamamoto, G., Miyazaki, J., & Kato, H. (2014). Augmented
reality learning experiences: survey of prototype design and evaluation. /EEE Transactions on
Learning Technologies, 7(1), 38-56. https://doi.org/10.1109/TLT.2013.37

Schell, J. (2008). Game design mechanics. In The art of game design a book of lenses (pp. 129-168).

Seepersad, C. C., Pedersen, K., Emblemsvag, J., Bailey, R., & Allen, J. K. (2006). The validation square:
How does one verify and validate a design method? Decision Making in Engineering Design.
https://doi.org/10.1115/1.802469.ch25

Squire, K. (2010). From information to experience: Place-based augmented reality games as a model for
learning in a globally networked society. Teachers College Record, 112(10), 2565-2602.

@ Springer


https://doi.org/10.1007/978-3-642-03655-2_17
https://doi.org/10.1007/978-3-642-33263-0
https://doi.org/10.1007/978-3-642-33263-0
https://doi.org/10.1007/978-3-030-02762-9_10
https://doi.org/10.1007/978-3-030-02762-9_10
https://doi.org/10.1007/s10055-018-0347-2
https://doi.org/10.1142/S1793206807000300
https://doi.org/10.1007/s10956-006-9036-0
https://doi.org/10.13140/RG.2.1.2832.4323
http://www.selfdeterminationtheory.org/questionnaires/10-questionnaires/50
http://www.selfdeterminationtheory.org/questionnaires/10-questionnaires/50
https://doi.org/10.1080/10508406.2013.778204
https://doi.org/10.1080/10508406.2013.778204
https://doi.org/10.1109/ICALT.2013.165
https://doi.org/10.1109/TLT.2013.37
https://doi.org/10.1115/1.802469.ch25

Co-Design of Augmented Reality Games for Learning with Teachers:... 923

Squire, K., & Jan, M. (2007). Mad City Mystery: Developing scientific argumentation skills with a
place-based augmented reality game on handheld computers. Journal of Science Education and
Technology, 16(1), 5-29. https://doi.org/10.1007/s10956-006-9037-z

Steinkuehler, C., & Squire, K. (2014). Videogames and Learning. In Sawyer, K. (Ed.), Cambridge hand-
book of the learning sciences (Second).

Thai, A. M., Lowenstein, D., Ching, D., & Rejeski, D. (2009). Game changer: Investing in digital play to
advance children’s learning and health (Vol. 93, No 1, pp. 26-31).

Tobar-Muiloz, H., Baldiris, S., & Fabregat, R. (2014). Gremlings in my mirror: An inclusive AR-enriched
videogame for logical math skills learning. In 2014 IEEE 14th international conference on advanced
learning technologies, (pp. 576-578). https://doi.org/10.1109/ICALT.2014.168

Tobar-Muiioz, H., Fabregat, R., & Baldiris, S. (2015). Augmented reality game-based learning for math-
ematics skills training in inclusive contexts. Revista Iberoamericana De Informdtica Educativa,
2(21), 39-51.

Tobar-Muiloz, H., Fabregat, R., & Baldiris, S. (2017). Augmented reality game-based learning: A review of
applications and design approaches. In Y. Baek (Ed.), Game-based learning: Theory, strategies and
performance outcomes (pp. 45—-66). Nova Publishers. https://doi.org/10.1177/0735633116689789

Weerasinghe, M., Quigley, A., Ducasse, J., Copié Pucihar, K., & Kljun, M. (2019). Educational aug-
mented reality games. In V. Geroimenko (Ed.), Augmented reality games II: The gamification of
education, medicine and art (pp. 3-32). Springer. https://doi.org/10.1007/978-3-030-15620-6_1

Yu, J., Denham, A. R., & Searight, E. (2022). A systematic review of augmented reality game-based
Learning in STEM education. Educational Technology Research and Development. https://doi.org/
10.1007/s11423-022-10122-y

Yuen, S. C., Yaoyuneyong, G., & Johnson, E. (2011). Augmented reality: An overview and five directions
for AR in education. Journal of Educational Technology Development and Exchange, 4, 119-140.

Zapusek, M., & Rugelj, J. (2014). Achieving teachers competencies in the serious game design process. In
Busch, C. (Ed.), Proceedings of 8th European conference on games based learning (pp. 662—-666).
Reading: Academic Conferences and Publishing International Ltd.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1007/s10956-006-9037-z
https://doi.org/10.1109/ICALT.2014.168
https://doi.org/10.1177/0735633116689789
https://doi.org/10.1007/978-3-030-15620-6_1
https://doi.org/10.1007/s11423-022-10122-y
https://doi.org/10.1007/s11423-022-10122-y

	Co-Design of Augmented Reality Games for Learning with Teachers: A Methodological Approach
	Abstract
	1 Introduction
	2 Background
	3 Co-CreARGBL Method
	4 Applying the Method—Two Case Studies
	4.1 Team A’s Resulting ARGBL Game
	4.2 Team B’ Resulting ARGBL Game

	5 Validating the Method Using the Two Case Studies
	5.1 AC1 Accepting Parent Constructs’ Validity
	5.2 AC2 Accepting Internal Consistency
	5.3 AC3 Accepting the Adequacy of the Example Problems
	5.4 AC4 Accepting the Usefulness of the Method for the Example Problems
	5.5 AC5 Accepting Usefulness is Linked to the Method
	5.5.1 Comprehension of the Training Stage.
	5.5.2 Comprehension of the Iterative Design Stage
	5.5.3 Comprehension of the Evaluation in Classroom Stage

	5.6 AC6 Accepting the Usefulness of the Method Beyond Examples

	6 Discussion
	7 Conclusions and Future Work
	Acknowledgements 
	References




