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Abstract

The integration of mobile and game-based technologies in teaching practices is challenging for teachers,
as they have both pedagogical and technological issues to tackle and, frequently, do not have or have
insufficient training in this specific area. The analysis of the literature in this field is relevant for sustaining
decisions regarding both pre-service and in-service teacher training in mobile and game-based learning,
and to suggest future lines of research. The objective of this contribution is to provide an overview of
the approaches and type of resources considered suited for teacher training, as well as the empirical
results obtained in those training initiatives. For that, a literature review was conducted following the
2020 research procedure of the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses”
(PRISMA). It involved searching and screening peer reviewed publications indexed in ERIC until 2022.
The articles reviewed were related to teacher training focusing mobile learning or game-based learning,
directed at primary and/or secondary teachers. The results revealed that teacher training approaches
include the: 1) familiarization with digital tools that can be mobilized in teaching practices; 2)
development of mobile and/or game-based learning resources; and 3) testing those resources with
students. The digital tools explored in training were either previously existing software (e.g., Excel, Hot
Potatoes, or Kahoot) or web-based tools developed specifically to support these innovative approaches.
Overall, the training results obtained in the included studies were: 1) Trainees’ positive perceptions
towards the integration of mobile/game-based learning in their (future) teaching practice; 2) Trainees’
acknowledgement of both advantages and constraints regarding these approaches; 3) Exploring mobile
and/or game-based learning is a challenging task for (future) teachers; and 4) Teacher training is needed
since pre-service courses, to support both pedagogical and technological issues regarding mobile and
game-based learning. Considering the lack of research in the area of teacher training on mobile and
game-based learning and the authors’ previous experience in this area, an accredited in-service teacher
training is proposed. The training is directed at teachers from different subject areas, to support the
development of cross-subjects work and it includes: 1) An initial contextualization on mobile and game-
based learning, 2) A mobile gaming experience as if teachers were students, 3) Hands-on project of
mobile game creation, including the development of educative multimedia resources; 4) Game testing
with the trainees’ students; and 5) Game results’ analysis and reflection. Finally, the game produced
during the training is made openly available to be useful to other teachers and students. This study is a
first step to provide a state-of-the-art regarding teacher training on mobile and game-based learning. It
reveals the lack of empirical studies reporting research on training approaches for primary and
secondary teachers, particularly the training approaches, tools and results obtained. The main limitation
of this study is the low number of studies that met the inclusion criteria, so future work must include
other sources of scientific publication registers.

Keywords: In-service teacher training, pre-service teacher training, mobile learning, game-based
learning, primary education, secondary education, literature review.

1 INTRODUCTION

Digital learning environments have been gaining attention during the last few years, revealing a new
paradigm where learners take control of their own learning. Mobile learning creates a venue to promote
a culture of participation where learners and leaders can both engage in combined efforts with
multiplicative outcomes of greater success [1]. The rising usage of mobile devices, including
smartphones and tablets, has encouraged researchers to design and develop learning applications and
games for such platforms [2]. In fact, when an educational game is made accessible via mobile devices,
it opens up possibilities to promote individualized, anytime, and anywhere learning [1].

Mobile game-based learning has been applied in multiple areas and it is considered to be potentially
effective in improving learning [3]. For educational purposes, the literature has been revealed the increased
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engagement and motivation for learning [4]-[6], as well as students’ enhanced understanding of scientific
models and of complex concepts that are difficult to understand with traditional textbooks [7].

Also, teachers can take advantage of the pervasiveness of technological devices to innovate their
educational practices and, therefore, to promote authentic learning, in formal, informal and non-formal
settings [8]. When combined with emerging technologies, such as Augmented Reality (AR), mobile
devices are claimed to also create conditions to promote students' engagement with learning in pre-
service classroom teachers experiences with AR [9]. The recent proliferation of mobile devices and
applications (app) makes AR technology accessible to support learning anytime and anywhere.

The integration of mobile and game-based technologies in teaching practices is challenging for teachers,
as they have both pedagogical and technological issues to tackle and, frequently, do not have or have
insufficient training in this specific area. The analysis of the literature in this field is relevant for sustaining
decisions regarding both pre-service and in-service teacher training in mobile and game-based learning
and to suggest future lines of research. For example, Montrieux and colleagues [10] stress that deeper
changes to teaching and learning require schools to offer continuous training on teaching methodologies
that allow teachers to make the most of mobile technology. In the same line, Ally, Grimus & Ebner [11]
describe some projects around the world that are helping to prepare teachers for the mobile era, and
some pilot projects using the technology. As mobile technologies emerge, teachers must keep up with
the changes, so they must be trained in using mobile technology to teach, and students must be
motivated to use it to learn. Therefore, both teacher training and professional development programs
must be re-designed to train teachers to use emerging technologies, as teachers will become facilitators
of learning and need training in this new role. The same authors stated that as the mobile technologies
become more powerful and user-friendly, teachers must find creative ways to design learning materials
for delivery on mobile devices, in appropriate ways to the subjects they teach.

Other authors [12] point out that implementing effective mobile learning programs requires adequate
preparation of the teachers, through professional development and highlight that teachers should be
encouraged to customize existing research-based mobile learning programs, minimizing the workload
and time needed to innovate their practices. Anyway, it seems consensual that it is crucial to develop
innovations around mobile learning pedagogies, considering that the fast development of mobile
learning technology might have an impact on the ways that education is delivered, and teachers need
to be aware of the potential of these emerging technologies.

More recently, in a study that involved 410 primary school teachers, Kamisli [13] found that teachers
would like to use game-based learning approaches in their teaching practices, but they stated they felt
incompetent and that they need training in the peculiarities of game-based learning approaches,
application examples, course planning, course implementation, and evaluation processes. Thus, it is of
key importance to identify teachers’ skills and possible training needs in relation to game-based learning
and to develop and implement teacher training programs, in order to spread the use of game-based
learning approaches, as its proliferation depends on the extent to which teachers embrace them.

Being aware of these teacher training needs, stated in the literature, this contribution aims to provide an
overview of the approaches and type of resources considered suited for teacher training, in the contexts
of primary and/or secondary education, as well as the empirical results obtained in those training initiatives.
For that, a literature review was conducted following the 2020 research procedure of the “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA) [14]. It involved searching and
screening publications indexed in ERIC until 2022 (included). The reviewed articles were related to teacher
training focusing mobile or game-based learning, directed at primary and/or secondary teachers.

Besides this aim, the paper also includes an example of an accredited in-service teacher training
program proposal, as an innovative training opportunity that revolves around mobile game-based
learning with AR that was promoted under the scope of the EduCITY project. The EduCITY,
https://educity.web.ua.pt/, is a project funded by the Foundation for Science and Technology (FCT),
which intends to use outdoor learning strategies, by means of an interactive mobile AR app that supports
outdoor activities in formal, non-formal and informal contexts, in the city. It previews the implementation
of a set of teacher training courses and workshops to co-create games and other educational resources
to be integrated in the app. The created games will be explored by teachers’ classes and will be open
access, so they could be useful to other teachers in terms of using them or be inspired though them to
enhance their teaching practices.

Next sections include the method for the literature review, the results integrating the literature outputs
and the teacher training program proposal, and finally some conclusions are put forward, considering
that this is a work in progress paper.
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2 METHOD

This literature review aims to provide an overview on teacher training about mobile and game-based
learning for primary and secondary teachers. The 2020 PRISMA guidelines [14] were followed to ensure
a rigorous evaluation of the existing literature, and to identify areas for future work.

The search strategy involved a search on the ERIC database, which is devoted to educational
resources, including academic publications. The search was restricted to peer review works and the
following search strings were used:

abstract:(("Teacher training") AND ("Mobile learning" OR "Game based learning") OR
title:(("Teacher training") AND ("Mobile learning” OR "Game based learning") OR
descriptor:(("Teacher training") AND ("Mobile learning” OR "Game based learning"))

No temporal limitations were imposed. The database returned 27 registers of peer reviewed
publications. After screening the compliance with the inclusion and exclusion criteria, presented in Table
1, only three publications were included in this study analysis corpus.

Table 1. Inclusion and exclusion criteria for registers retrieved with the search in ERIC.

Number | Criteria Inclusion Exclusion Reasoning
1 Focus of Description/analysis of a | Other focuses, such as To exclusively include
the study preservice or in-service surveys to identify publications that contribute
teacher training (even teacher training needs | to answer this literature
informal training) regarding review research question

the integration of mobile
and/or game-based learning
in teacher practice

2 Study's Pre-service or in-service |Early childhood educators, To exclusively include
participants teachers from primary higher education publications that contribute
and/or secondary education professors, adult to answer this literature

education teachers, etc. | review research question

3 Language English Other languages To exclusively include and
analyse literature that is
relevant for an
international audience

4 Type of Empirical study Literature review, To exclusively include and
study proceedings, ... analyse primary sources of
information
5 Peer review Work submitted to peer Work not submitted to | To exclusively include and
review. peer review. analyse quality research

The data extracted from each study included the authors, year of publication, country, teacher trainees’
level and subject, number of teacher trainees, training approaches, type of digital tools used in training,
and training results. The data were organized and synthesized into a narrative summary and a
comparative table, the Table 2, presented in the next section.

3 RESULTS

This section is organized in two sections: the first includes the literature review results and the second
integrates the teacher training program proposal, as a way to provide an overview of the approaches
and type of resources considered suitable for teacher training, in the contexts of primary and/or
secondary education, as well as a specific proposal, as an example that can inspire teachers in their
practices innovation.

3.1 Literature review results

Only three studies met the inclusion criteria: [15], [16], and [17].
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Charlier and Fraine [15] conducted a study on game-based learning in teacher education. The study
investigated the design, implementation and evaluation of two courses on digital game-based learning
developed for the pre-service teacher training programme in health education in Flanders: one was
developed as a workshop (implemented in two editions) and the other as a curricular unit in a master’'s
course. The study highlights the importance of incorporating game-based learning in teacher education
to support the integration of technology into the classroom.

Kilickaya [16] conducted a study on digital materials design in computer-assisted language learning.
The study focused on two Turkish teachers of English as they created digital materials for their language
classes. The study found that the teachers used a variety of multimedia resources, including images,
audio, and video, to design their materials. The study highlights the importance of considering the design
of digital materials in computer-assisted language learning, as well as the role of teachers in the role of
creators of these materials.

Mettis and Valjataga [17] conducted a study on designing hybrid learning experiences for outdoor hybrid
learning spaces. The study used a participatory design approach, involving teachers, students, and
educational experts in the design process. The study highlights the importance of designing learning

experiences that are situated in the real world and supported by technology.

Table 2 presents a synthesis of the studies participants, training approaches, tools and results.

Table 2. Synthesis of the included studies.

Research Trainees'’ Number of Training . . Training main
. . Digital tools
paper profile trainees approaches results
Charlier & | Future 58 in two Workshops: Previous - Trainees felt
Fraine teachers with | workshop - two seminars with existing free encouraged to use
(2012) [15] | (bio)medical, |editions practical & theoretical software for game-based
sports and +14ina background on game- | 9ame learning in their
science master based learning development: future teaching,
background course Excel, Hot particularly for
- manual on how to use Potatoes, learning evaluation
software to make a Jolick
game GaméMaker - acknowledgment of

- group design and test of
a learning game

- presentation and
discussion;

One-semester course:

- theoretical background
on game-based learning

manual on how to use
software to make a
game

advantages (e.g.,
games offer a
secure and
contextual
environment) and of
disadvantages (e.g.,
effects on learners’
health)

the training
supported the
development of
problem-solving

- group research on abilities and
game-based learning in independent
secondary school: learning
= literature study - the course trainees
= formulation of engaged their

research questions supervising

= game development
and investigation,
including test with a
class of students

* paper

= presentation to peers
and instructors

teachers into using
games in their
classrooms during
their research
project
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Research Trainees'’ Number of Training . . Training main
. . Digital tools
paper profile trainees approaches results
Kilickaya English 2 - Seminar on benefits of | Previous - Positive attitudes
(2019) [16] |teachers, 8" using technology in the | existing free towards technology
grade classroom software: integration in
- 15h of workshops (in Edmodo, ESL teaching practices
five weeks) of hands-on | Video, Cartoon | _ yijiness to create
experiences and Story, Make and use digital
tutorials on creating Ee::efstCTor:nlx, materials
digital materials and ; a (r’]o " et - acknowledgment of
using them with Sacner s el the relevance of
students Reading making the digital
worksheet materi%ls inte?esting
t
generator and efficient
- acknowledgement
of constraints (e.g.,
time of preparation)
Mettis & K-12 teachers |Not clear - Meeting to provide Tool developed |- Teachers asked for
Valjataga |from different |(group of 2-3 | context and by the authors: | technological
(2021) [17] | subjects; teachers technological know-how | Avastusrada, a | support (not
motivated; from - test by teachers of a web-based tool | instructional or
experienced participating mini learning scenario for creating and | content related)
(worked more | schools) provided by experts playing - Mobile learning

than 5 years);

group development of a

location-based

designis a

familiar with ) learning tracks ;
the hybrid learning scenario: g challenging task for
; framed in curriculum, teachers
technological . AR o
tools; held interdisciplinary, aiming - Teachers revealed
positive competences' difficulty in:
attitudes development = the creation of
toward - meeting to analyze learning
integrating problems and scenarios for
technology into challenges higher levels of
learning - test with students from cognitive
scenarios processes

1st to 9th grade

= making use of
the power of
authentic
learning contexts

= providing
interdisciplinary
learning
experiences

- Mobile learning
design in outdoor
settings seems
easier in science
subjects

In sum, the analysis of the studies revealed that the three training approaches included: 1) familiarization
with digital tools that can be mobilized in teaching practices, which can be made through seminars or even
through making manuals and tutorials available to (future) teachers; 2) the development of mobile and/or
game-based learning projects, such as e, e.g., educational games; and 3) testing the educational
resources developed with students. In two studies the digital tools explored in training were previously
existing software, and in the other case it was explored a web-based tool developed specifically to support
mobile learning. Overall, the training results obtained in these studies were: 1) Trainees’ positive
perceptions towards the integration of mobile and/or game-based learning in their (future) teaching
practice; 2) Trainees’ acknowledgement of both advantages and constraints regarding these approaches;
3) Exploring mobile and/or game-based learning is a challenging task for (future) teachers, particularly
when it comes to design meaningful learning experiences; and 4) Teacher training is needed since pre-
service courses, to support teachers in designing and using innovative approaches in their classrooms,
considering both pedagogical and technological issues regarding mobile and game-based learning.
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3.2 Teacher traning proposal

The scarcity of teacher training on mobile game-based learning with AR makes it relevant to propose
and disseminate an example of a teacher training proposal. In this case, the teacher training program
was designed under the scope of a funded project, the EAuCITY, whose goal is to enhance sustainable
cities through the creation of a disruptive smart learning environment, sustained by a mobile app with
active location games based on challenges, with AR educational multimedia resources. These games
are co-created by the school, academic and wider community, and comprise enjoyable and
interdisciplinary challenges to be explored by any citizen while touring the city to promote education for
sustainability in real contexts. Similar projects, as EQUPARK, have shown high usability and educational
value of this type of approaches [18], particularly when teachers tried to create questions that promote
thinking at a high cognitive level [19].

Aiming to improve the quality of teaching, through the integration of mobile and game-based learning,
this teacher training proposes the design and development of a game, and other interdisciplinary digital
educational resources, on education for sustainability. Those resources can be integrated into apps,
such as the EJuCITY app. The quality and relevance of those produced resources is supported by their
articulation with the National Curriculum; and their implementation and evaluation in educational
contexts of trainee teachers.

The main purpose of this teacher training proposal is to motivate trainee teachers to make effective
changes in their educational practices, with a view to improve student learning. To do so, the aims are
to: i) Create a training environment that promotes innovation in teaching practices, through the effective
use of strategies involving mobile devices, games and educational resources, in promoting learning in
education for sustainability; ii) Work on curricular themes in which students often have learning
difficulties, according to the perception of trainee teachers, which can be successfully addressed through
mobile game-based learning; iii) Design and develop educational multimedia resources about education
for sustainability, contextualized in real educational contexts, in order to be integrated into apps, such
as the EduCITY app; iv) Evaluate and refine the developed resources; and v) Make the developed
resources available to the community, openly and free of charge.

The teacher training proposal includes the discussion of the educational potential of mobile game-based
learning and digital educational resources, aimed at education for sustainability. It is developed under
the EduCITY project, as an example of innovation in educational practices at the level of mobile game-
based learning, in an interdisciplinary way. The exploration of the game approach is made through
contextualized questions that promote thinking at different cognitive levels and, finally, it uses a
purposely developed web platform for creating and sharing games and their digital educational
resources.

This program is planned to be developed under a socio-constructivist paradigm, where the trainee
teachers assume an active role in their professional development and the trainers adopt a role of
facilitators of teachers’ professional development processes.

The training is directed at teachers from different subject areas, such as physical, chemical and natural
sciences, geography, and history, to support the development of cross-subjects work, and it includes: i)
An initial contextualization on mobile and game-based learning, ii) A mobile gaming experience, as if
teachers were students, iii) Hands-on project of mobile game creation, including the development of
educative multimedia resources; iv) Game testing with the trainees’ students; and v) Game results’
analysis and reflection. Finally, the game produced during the training is made openly available to be
useful to other teachers and students, and hence, inspire others to adopt these innovative approaches.

The work methodologies of face-to-face sessions include several different activities, such as: i) Debate
and systematization of the trainees' perspective; ii) Field trip to explore a game of the EAuCITY app; iii)
Guidance on how to use the EAuCITY web platform to create a game, to give technological support; iv)
Collaborative work, in small groups, for the design and development of interdisciplinary digital educational
resources on sustainability education, to be integrated into apps, such as the EduCITY app; v)
Presentation and discussion of group work, as well as of the results obtained with the implementation in
teacher trainees’ classes; vi) Exploration of platforms to openly share digital educational resources; and
vii) Completion of individual questionnaires to gather teachers’ perceptions about the training program.

The work methodologies of the teachers’ autonomous work include several activities, such as: i)
Document analysis; ii) Written group reflection, based on a guide; iii) Collaborative work in small groups;
iv) Implementation and evaluation of the developed game and its digital educational resources; and v)
Written individual reflection on the training experience within this training program, based on a guide.
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The assessment of trainees is based on the assumptions on a mandatory attendance of an accredited
face-to-face teacher training. The evaluation criteria are in accordance with the guidelines of the training
entity, based on the following items: i) Commitment and participation in face-to-face sessions (20%);
and ii) E-portfolio development (80%), which includes the group reflections; the game and other digital
educational resources developed, the analysis of the results of the implementation with students, and
individual reflection on the training experience. The classification is grounded on a scale of 1 to 10.

The authors expect to implement this teacher training program, contributing to train teachers in using
mobile technology and game-based approaches in their practices, promoting teachers’ professional
development, in line with Ally and colleagues’ (2014) recommendation.

4 CONCLUSIONS

This study is a first step to provide a state-of-the-art regarding teacher training on mobile and game-
based learning to propose a teacher training program capable of promoting practices transformation.

In a first stage, a literature review following the PRISMA guidelines was conducted. The search for
literature was made in ERIC, a repository of education resources, and only three peer reviewed
publications met the inclusion criteria. The results reveal a lack of empirical studies reporting research
on training approaches for primary and secondary teachers, particularly the training approaches, tools
and obtained results. The main limitation of this study is the low number of studies that met the inclusion
criteria, so future work must consider include other sources of scientific publication registers.

The literature review supported the proposal of a teacher training program in this area. To make this
proposal, the authors resorted to the results of this work, as well as their previous experience in similar
contexts [20]-[22]. The relevance of this teacher training proposal relies on: i) the need of teacher
training on mobile and game-based learning regarding the peculiarities of these approaches in
articulation with their practices, as identified in the literature [10]-{13]; ii) the need of supporting teachers
in the technological aspects of these approaches, as pointed by Kiligkaya [16] and Mettis and Valjataga
[17]; and iii) the relevance of providing teacher with practical examples of mobile and game-based
approaches, as a model for the aimed innovative practices, in line with Mettis and Valjataga [17].

Future work involves the study of the implementation of this teacher training program to collect and
analyze the results that can be obtained with this proposal in what concerns the educational resources
produced, the teachers’ perspectives on its impact on their professional development, and the training
contribution for the innovation of teachers’ practices. Future lines of research should include the efficacy
of different teaching approaches in teacher training, teachers’ adoption of mobile and game-based
approaches after training in these topics, and the quality of mobile and game-based learning approaches
developed by teachers with different training experiences on these topics.
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