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Abstract: Ongoing technology progress sustains innovative teaching approaches. Mobile devices,
augmented reality (AR), and games are a few of the new resources that teachers have at their
disposal to promote student learning. However, their effective integration into practices requires
training, so there is a need to analyze the impact of training initiatives on teacher professional
development. A case study is being conducted on the development process of mobile AR games
for Science, Technology, Engineering and Mathematics (STEM) learning by 14 Portuguese in-service
teachers in a 50 h workshop. This contribution refers to the analysis of this training’s impact on
teacher professional development through a questionnaire filled in at the beginning and end of
the workshop. This study registered a higher impact on teachers” understanding of AR educative
use, the less-known approach, compared to mobile and game-based learning. Moreover, teachers
became more experienced with these approaches as learners, and reported having explored them
with their students during the workshop period. Teacher ability to identify benefits and barriers in
these approaches increased with the workshop, particularly the learning that could be promoted
with mobile AR games. The presented set of barriers to implementation is relevant to future teacher
professional-development initiatives.

Keywords: continuous teacher training; mobile learning; educative augmented reality; game-based
learning; training impact; teacher professional development

1. Introduction

Mobile technologies” versatility and relatively low cost may be two factors concurring
to their pervasiveness in modern industrialized societies. Hence, the availability of a
resource that allows performing a variety of tasks, namely some related to information
seeking and treatment, makes their integration in teaching and learning practices a logical
step to take, having given rise to the term “mobile learning”.

Mobile learning can be defined in different ways. Perspectives may fall into one of the
following categories: (1) technocentric, referring to learning processes that occur through
the use of handheld technologies, such as mobile phones; (2) mobility of the technology,
highlighting the portability allowed by the small size of the supporting technologies;
(3) relationship to e-learning, with mobile learning being considered an extension of e-
learning; (4) augmenting formal education, as a way of extending face-to-face education;
(5) learner-centered, referring to learning when the learner is not at a fixed location, thus
focusing on the learner’s mobility [1-3]. Despite the perspective adopted, the use of mobile
devices for educational purposes has been a growing field of research with a history of
positive empirical results [4], and their use in game-based learning approaches has also
been documented as effective [5].

Game-based learning usually refers to the use of gameplay with the purpose of
promoting determined learning objectives [6]. With the motivation factor being one of
the most cited arguments in the literature [7-10], other positive results include student
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satisfaction with the learning experience [11], increased student achievement across all
schooling levels [12]; and facilitation of students’ 21st-century skill development [13]. To
achieve these positive results, some caution is required, namely incorporating learning
theories into the game design [13], taking into account learners’ personal factors, such
as learning achievement or learning styles [14], and challenging players in a way that
matches students’ abilities [15]. Additionally, the competition created by games may
increase students” engagement in challenging learning situations and improve their overall
sense of enjoyment. When game-winning conditions require working with other players,
collaborative dynamics can also be promoted [16].

Despite being considered effective learning tools [8], in real formal education sce-
narios, accepting digital games in the classroom is one of the initial barriers to overcome,
which may be related to factors such as the availability (and reliability) of the support-
ing technology, prerequisite knowledge required of the teacher, and even financial and
licensing issues [17]. For example, a study conducted by Russo, Bragg, and Russo [18]
highlighted that although Australian mathematic primary teachers mentioned frequently
using games in their practices, digital games were virtually not among their favorite types
of games, which may be interpreted as a reluctancy to incorporate digital technologies to
support game-based learning.

Future developments in mobile and game-based learning involve evaluating and
analyzing game usage data, providing powerful tools on how to create better learning
experiences, and developing game-based learning, supported by significant data about
users’ perception and their performance while playing [19].

These educational approaches, when combined with emerging augmented reality
(AR) technologies, can enhance learning experiences, as they can enrich and contextu-
alize learning information offered to learners [20]. AR supported by mobile games can
move learning to outdoor settings, fostering authentic learning, and also personal and
collaborative learning with a lifelong learning perspective [21]. Other authors [7,22] stress
the unique affordances of AR, as an “immersive” interface that enables participants to
interact with digital information embedded within the physical environment, supporting
situated learning. Outdoor collaborative learning activities using AR become an approach
scarcely found in the educational context, although with high potential in education [7,22].
Moreover, the incorporation of AR into educational practices for effective learning, instead
of for merely beautiful scenography, requires teacher training in teaching methodologies
with AR technologies [23], as teachers are often reluctant to use or integrate them into their
science curriculum [24,25].

There is a scarcity of educational resources, such as educational mobile games, that
integrate curriculum contents. Considering this scarcity, the EduPARK project: http:
//edupark.web.ua.pt/?lang=en (accessed on 3 August 2021) developed and evaluated
an app [26] that can be used autonomously, and at any time, using the “game” mode
or the "explore freely” mode. It promotes authentic learning so that visitors can enjoy a
healthy walk while learning. The game includes several learning guides for different target
groups: teachers and students from basic to higher education, and also for park visitors
and the public, from a lifelong learning perspective. The tourist guide is also offered in
English. The guides integrate multidisciplinary issues under the Portuguese National
Education Curriculum and propose interdisciplinary questions articulated to educational
challenges along the park using the logic of a treasure hunt. The game enables visitors to
explore and access information about the plant species living in the city park, historical
references, different multimedia contents, and a park map, allowing interaction. The goal is
to accumulate points by answering the questions correctly, visualizing AR marker contents
that help to answer questions, and finding virtual caches/treasures (3D images) [27].

The literature has noted that teachers” adoption of mobile technologies may be in-
fluenced by factors such as their digital literacy, ICT anxiety, teaching self-efficacy, and
perceived ease of use and usefulness [28]. Moreover, teachers need to develop the ability to
implement technology in their practices [28]. Hence, the EduPARK project has organized
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several short-term workshops for teachers so they can feel confident in using them in their
practices, widening the use of mobile and game-based learning. However, the need to
involve teachers in the creation of games and of educational resources to integrate into
games encouraged the authors of this paper to propose, as trainers, a long-term accredited
course with impact on teachers’ career progression. The course was directed at Science,
Technology, Engineering and Mathematics (STEM) teachers, and allowed them time to
explore and experiment with tools for game-based learning, prompting teachers to develop
learning content, as advised by De Freitas [29]. Hence, teachers were not only users, but
also creators of educational games integrating AR contents.

The scarcity of teacher training on mobile game-based learning with AR makes it
relevant to analyze their potential for teachers’ practice changes, starting with the percep-
tions of the involved stakeholders [30]. In this paper, the authors take one step forward
by analyzing not just teachers’ perceptions, but also the impact of this workshop on the
teacher trainees’ professional development with respect to the main concepts/teaching
approaches it addresses: mobile learning, AR use in education, and game-based-learning.
This research comprises training opportunities that revolve around mobile game-based
learning with AR, which are innovative, and therefore it is important to analyze their
potential in teachers’ practice changes.

The next sections briefly present and discuss the adopted materials and methods, and
the results concerning the impact of this workshop on the teacher trainees’ professional
development around the three main concepts of this study: (i) mobile learning, (ii) AR use
in education, and (iii) game-based-learning. Finally, the Conclusions section summarizes
the main findings, some limitations, and lines of future work.

2. Materials and Methods

This research was conducted under a case study [31]. Case studies are acknowledged
in the literature as effective methodologies to investigate and understand complex issues in
real-world settings that do not aim to extrapolate probabilities through statistical general-
ization [31,32]. This research approach is adequate when researchers” want to understand
a real-world case and assume that such an understanding is likely to involve important
contextual conditions’ [31].

The case in this study was the development process of educational resources by
14 in-service teachers during a 50 h workshop (25 h face-to-face and 25 h autonomous
work) developed in the Center Region of Portugal between October 2020 and January
2021. The workshop aimed to promote the collaborative development of open digital
educational resources that foster STEM learning based on a game approach and supported
by mobile devices.

The research question that guided the work reported in this contribution was: What
is the impact of this workshop on the teacher trainees’ professional development with
respect to: (i) mobile learning, (ii) AR use in education, and (iii) game-based-learning, in
what concerns: (a) basic knowledge, (b) teacher experience as a learner, (c) reported use in
teaching practice, and (d) opinions about benefits and barriers?

To answer the research question, an adaptative online questionnaire was applied at
the beginning of the workshop and right after its end, so the results could be compared to
analyze the workshop’s impact on the teacher trainees’ professional development.

The initial questionnaire comprised a sum of closed- and open-ended questions and
was organized into four sections:

1.  Motivations and expectations, with a multiple-choice question on motivations to
attend the workshop and an open-ended question on expectations;

2. Conditions for the use of digital technologies in the teachers” educational context,
with a few closed-ended questions on the types of digital technologies (e.g., desktop
computers, smartphones, internet connection) available for their practice, for students’
learning and school policy on mobile devices use, and also an optional open-ended
question for additional comments on this topic;
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3. Workshop teaching approaches: (i) mobile learning, (ii) AR use in education, and
(iii) game-based-learning; all these topics included a mixture of open- and closed-
ended questions for data collection on teacher-trainees” basic knowledge, previous
experience and frequency of use, perceptions about benefits and barriers, and addi-
tional comments on the topic;

4. Demographic data, such as gender, academic qualifications, years of teaching experi-
ence, subjects, schoolyears that they were teaching, and average number of students
in their classes;

The final questionnaire was quite similar to the initial one, but without the demo-
graphic data section, as the population was already characterized. Hence, it comprised
three sections:

1. Workshop assessment, with a set of multiple-choice questions on aspects such as the
methodology, level of difficulty of the proposed activities, and reported readiness to
explore the teaching approaches, as well as a few optional open-ended questions to
deepen teachers’ perspectives;

2. Differences in the conditions for the use of digital technologies in the teachers” edu-
cational context, with a multiple-choice question, as well as an optional open-ended
question for additional comments;

3. Workshop teaching approaches, similar to the initial questionnaire.

For questionnaire content validity, both versions were analyzed by two educational re-
searchers with different experiences. One was a teacher who was undertaking her doctoral
studies. The other was an experienced researcher and methodology professor at a public
university, with a Ph.D. and postdoctoral training. After introducing changes suggested by
the educational researchers, they considered the questionnaire clear, understandable, and
suitable for the target population.

In the present study, only data regarding the research question was analyzed (Appendix A
presents Section 3 questions of the initial—Table A2—and final questionnaires—Table A2).
The analysis included descriptive statistics for answers to closed-ended questions and
content analysis for answers to open-ended questions. When relevant, initial and final
responses were compared.

For the content analysis related to teachers’ basic knowledge on the considered topics,
each answer was classified as correct, partially correct, or incorrect, in accordance with
the researchers” own perspectives on the topics. These were in line with the workshop
activities, as the researchers were also the teacher trainers.

For the content analysis of the benefits and barriers associated with each teaching
approach, the analysis categories developed in the previous study [30] were revised. For
example, two categories (“It is easy or quick to find information” and “Supports higher
interaction”) were included in a broader category ("Supports better learning”). Moreover,
in each teacher answer, the number of different types of benefits or barriers was identified.

Study Participants

The study participants were characterized according to their: (i) Demographic data;
(if) Motivations and expectations concerning the workshop; and (iii) Conditions for tech-
nology use in schools. These data are available in the previous study of Marques and
Pombo [30]. To comply with the General Data Protection Regulations, the questionnaire
included a closed-ended question respecting for informed consent to participate in this
study. Out of 16 teachers attending the workshop, 14 agreed and signed the informed
consent, so the following data are related only to those 14 teachers.

Concerning demographic data, in terms of gender, 12 were females and 2 were males.
Ten teachers had a high degree, mandatory by Portuguese law, one had a post-graduation
course, and three had a master’s degree. All teachers were experienced: (i) two had 11 to
20 years of experience; (ii) eight had between 21 and 30 years, and (iii) four had more than
31 years of experience.
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Three teachers lectured Mathematics in the 3rd cycle of basic education (CBE, corre-
sponding to school years 7 to 9) or in secondary teaching (ST, years 10 to 12), six teachers
lectured Physics and Chemistry in the 3rd CBE or SE, one teacher lectured Nature Sciences
in the 3rd CBE, and six teachers lectured Mathematics or Nature Sciences in the 2nd CBE
(years 5 and 6). Their classes varied from 16 to 20 students (4 teachers), 21 to 25 students
(4), and 26 to 30 students (4).

With respect to motivations, in the closed-ended question regarding reasons for attend-
ing the workshop, the participant teachers selected: “Updating or acquiring knowledge”
and “Possibility to have access to new resources” with 12 mentions each; and “Combination
of the workshop topics”, “Possibility of changing teaching practice” and “Professional
valorization” with 10 mentions each. Concerning their expectations regarding the work-
shop, teachers mentioned they expected to learn more about the workshop approaches
(9 mentions) to improve their teacher practice (7 mentions) and, consequently, to have
an impact on students’ motivation to learn (6), achievement (3), and behavior (1). Three
teachers also mentioned they were curious about the workshop topics.

Concerning conditions for technology use, results indicated that participating teachers
and their students had conditions from the technological point of view, although students
had lower access to technology than teachers. All teachers reported to have data shown in
the classroom, and seven had an interactive board. Students’ access to these resources was
lower—only two and five, respectively.

All teachers mentioned having computer access for their teaching practices, either
desktop, portable, or tablet, and the same applied to the students of 12 of the 14 respondents.
One teacher, who in a previous question reported tablet and laptop access only for teachers,
highlighted in the open-ended question that it is unreliable technology: “The school has
some laptops and some tablets, not always in the best conditions and some rooms have
a desktop computer. All classrooms have a projector, but teachers need to use their own
laptops.” (Q5).

Twelve teachers reported having either a feature phone (2) or a smartphone (10), and
one stated having both. Schools provided students’ access to mobile phones in only five
cases in this cohort. In addition, 12 teachers mentioned having an email account, whereas
nine respondents revealed their students had access to email accounts.

Although the results revealed that teachers and students mostly had access to tech-
nology to use in the school, 11 classified the technology as reasonable, one as bad and
another as good. It is worth noting that one teacher mentioned their school did not provide
students access to any type of the considered technology, providing only internet access.

All respondents reported internet access for themselves and their students, although
only classifying it as reasonable (13), and feeling some constraints in its use, such as
slowness and insecurity, among others. Only one teacher classified their school internet
connection as good.

As to the school policy on mobile devices use in classrooms, seven teachers mentioned
it was allowed, five said it was forbidden, and two acknowledged not knowing. One step
further, six respondents mentioned that the school provided guidance to students on the
proper use of mobile devices, five reported this did not happen in their school, and three
did not know.

No relevant technology-conditions changes were reported by the teachers at the end
of the workshop.

3. Results and Discussion

This section presents and discusses the results obtained through the initial and final
questionnaires, with the aim of analyzing the impact of the workshop on the teacher
trainees’ professional development. Therefore, it is organized according to the dimensions
of the research question—basic knowledge, teacher experience as a learner, reported use
in teaching practice, and opinions about benefits and barriers—for all the training topics
(mobile learning, AR use in education, and game-based learning).
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3.1. Basic Knowledge
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Figure 1 presents the overall results regarding teachers” answers to the prompt to
explain the concepts of mobile learning, educational use of AR, and game-based learning.
Detailed analysis is presented, with the support of tables dedicated to each key concept.

o
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W Answers incorrect

6

Answers partially correct
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W Answers correct

Figure 1. Frequency of teachers’ types of answers to the questions on basic knowledge about mobile learning, educational

use of AR, and game-based learning.

Table 1 presents the types of answers given by teachers, their frequency, and examples
of citations that illustrate each type of answer given by teachers when asked about the
meaning of mobile learning, at the beginning and end of the workshop. It reveals that the
number of incorrect answers decreased (from 3 to 1), the number of partially correct answers
increased (from 2 to 4), and the correct answers remained the same (8); hence, small positive
differences between the initial and the final phases of the workshop were registered.

Table 1. Comparison of teachers’ answers on their understanding of the mobile-learning concept, at the beginning and end

of the workshop.
At the Beginning At the End
Type of Answer f1 Citation Example f1 Citation Example
Did not know /answer 1 “] have no idea what it is.” Q12 1 Q62
“Mobile devices being used naturally in
Answered incorrect] 3 “Education system using mobile 1 students’ daily lives, can provide valuable
y devices.” Q9 support to students and teachers in the
school context.” Q4
“I understand by mobile learning the use of
mobile devices in learning approaches
outside the classroom, and inside, based on
. “Learning that is supported by games combined with emerging technologies
Answered partially correctly 2 new education technologies.” Q8 4 of Augmented Reality (AR), integrating
principles of Geocaching, and use of app that
can facilitate and improve student-centered
teaching-learning experiences.” Q8
Answered correct, but focused 8 aﬁigﬁ:g E(s)ﬁ;gs Tﬁgﬁsd:t?)cis 8 “Learning using a mobile device, such as a
on the technology facet P 0 Ai T cell phone, smartphone.” Q9
Total 14 14

1 f: Frequency or number of teachers’ answers included in each type of answer; 2 Q: questionnaire ID.
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It is noteworthy to highlight that, even at the end of the workshop, all answers
considered correct were simple and technocentric definitions of mobile learning, not
considering, e.g., the mobility of learner [1-3], despite these issues being discussed in
face-to-face sessions.

At the end of the workshop, when questioned about examples of mobile learning
projects or initiatives, 10 teachers mentioned at least one educational mobile app example,
which was an increase compared to the eight teachers in the first questionnaire [30]. Most
teachers (8) mentioned the EduPARK app, which was used during the training. The Khan
Academy was mentioned twice, the same as at the beginning of the workshop, although
this platform is not necessarily used in mobile contexts.

The results presented above indicate a small impact of the workshop on teachers’
ability to explain the concept of mobile learning. The strategies explored in the workshop
included discussion in face-to-face sessions, analyzing texts about mobile learning to
produce a reflexive text, and using mobile devices to learn in a training context. However,
their impact on teachers’ learning fell behind what was initially expected. Moreover,
practical tasks, such as naming examples of mobile learning, seemed to be easier for teachers
when compared to theoretical tasks, such as defining the concept. This was reinforced by a
teacher’s answer to the questionnaire prompt “Indicate at least one [workshop] activity
that was too difficult and explain why”: “The initial reflection was too theoretical. In
my opinion, teachers mainly need to have a practical component in training. I think that
searching a certain topic adds little to the improvement of teaching practice” (Q6). This
teacher revealed that they did not value the literature search’s potential contribution to
teaching practice.

Table 2 reveals the types of answers given by teachers when asked about the meaning
of educative use of AR, at the beginning and end of the workshop. It is possible to identify
a decrease in the number of teachers acknowledging not knowing or not answering, from
4 to 1, and of teachers answering incorrectly, from 7 to 4. The same table also shows an
increase in the number of teachers answering partially correct (usually only defining AR,
and not mentioning its potential for education), from 3 to 7, and in the correct answers,
from 0 to 2. These results revealed the trainees’ difficulty in explaining the educative use of
AR, although progress was made by teachers concerning this topic.

Table 2. Comparison of teachers’” answers on their understanding of the use of AR for educational purposes, at the beginning

and end of the workshop.

Tvoe of Answer At the Beginning At the End
P f1 Citation Example f1 Citation Example
Did not know /answer 4 N/A 1 N/A
Answered incorrect] 7 “I think it’s the use of cameras” 4 “AR allows to have a more detailed and enhanced
y Q7 view of the object in question.” Q12 2

Answered partially
correctly

“Enrichment of a natural
3 environment with virtual 7
objects.” Q13

”Integration of virtual elements in real-world
visualizations via mobile devices.” Q13

“AR combines the real world with the virtual
world, which can be three-dimensional and
interactive in real time. The information can ...

Answered correctly 0 N/A 2 support the understanding of phenomena and
abstract concepts that are not possible to observe
using a traditional manual.” Q7
Total 14 14

1 f: Frequency or number of teachers” answers included in each type of answer; 2 Q: questionnaire ID.

Again, at the end of the training, when questioned about examples of AR use in
education, 9 teachers presented at least one educational AR example; all mentioned the one
explored in the workshop. Compared with the results from the beginning of the workshop,
only 2 teachers mentioned adequate examples, and 12 did not present any example at
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all [30]—there was an evident impact at this level. From these results, it is reasonable to
claim that the workshop had an impact on teachers” knowledge of educative use of AR,
particularly in what concerns the ability to provide concrete examples.

Finally, Table 3 presents the types of answers given by teachers when asked about
their understanding of game-based learning, at the beginning and end of the workshop.
The table reveals small differences between the initial and the final phases of the workshop,
regarding “Did not know/answer”, from 2 to 1, and “Answered correct, but in a simple
way”, from 9 to 11.

Table 3. Comparison of teachers” answers on their understanding of game-based learning, at the beginning and end of

the workshop.
At the Beginning At the End
Type of Answer f1 Citation Example f1 Citation Example
Did not know /answer 2 “1 do not know.” Q16 2 1 N/A
. “Dynamic methodology that leads to “Learning that uses virtual reality applied
Answered incorrectly 1 learning in an interactive way.” Q12 1 to the physical space.” Q15 2
Answered partially “I think it’s based on playful activities” Itis a dynamic learning process. ".Fhe1je
correctly 2 Q7 1 must be a balance between fun, motivation
and learning”” Q12
Ansyvere(;l correctly, but 9 Use of games to learn the syllabus. 1 “Use of the game as a learning tool.” Q4
in a simple way Q15
Total 14 14

1f Frequency or number of teachers’ answers included in each type of answer; 2Q: questionnaire ID.

At the end of the training, when questioned about examples of game-based learning,
12 teachers presented at least one illustrative example, and 7 mentioned the one explored
in the workshop. At the beginning of the workshop, only 5 teachers were able to present
valid examples of game-based learning [30], so the cohort of teachers revealed progress at
this level.

In summary, the presented results indicated that the workshop had a higher impact
on the topic about which teachers knew less: the educative use of augmented reality. A
smaller impact was registered concerning mobile learning and game-based learning. The
impact was more evident, in all topics, when teachers were asked to mention examples.

3.2. Teacher Experience as A Learner

Figure 2 summarizes teachers’ experience, as learners, with mobile learning, AR
educational use, and game-based learning. At the beginning of the workshop, teachers
reported the following previous experience: (a) All (14) had experienced mobile learning,
even though only 6 presented valid examples; (b) none had learned with AR; and (c) 8 had
experienced game-based learning [30].

When asked if they had used mobile devices, AR, and/or games to learn during the
workshop, 13 teachers mentioned they experienced the three approaches; 1 teacher reported
having used only mobile devices and games to learn, but not AR. When comparing these
results with teachers’ previous experience, it is possible to claim that all became more
experienced with these approaches, particularly concerning AR. For 13 respondents, the
workshop allowed them to experience this technology to learn for the first time. Only
1 teacher mentioned not using AR to learn during the workshop. This result may be
interpreted in two different ways. Either this individual did not use AR technology, despite
being given the opportunity to do so, or this teacher used it, but considered that this
experience did not provide learning. As the questionnaires were anonymous, it was not
possible to explore further this issue.
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frequency
Teachers’ experience as learners
B during the workshop =~ B before the workshop

Figure 2. Comparison of teachers’ experience as learners with mobile devices, AR, and game(s),
before and during the workshop.

3.3. Reported Use in Teaching Practice

Figure 3 summarizes teachers’ exploration of the workshop approaches in their prac-
tices. At the beginning of the workshop, 11 teachers reported previous experience in
exploring mobile devices with their students to promote learning, although only 6 pre-
sented valid examples in response to the following question. These results seem to indicate
that teachers are beginning to integrate mobile learning in their practices [30], as advo-
cated by several Horizon Reports [33-35]. The fact that teachers began to promote mobile
learning was in line with a previous study [24] and with the Portuguese State of Education
Report [36].

0
0 4 8 12 16

frequency
Teachers’ use in their practices
B during the workshop B before the workshop

Figure 3. Comparison of teachers’ use of mobile devices, AR, and game(s) in their practices, before
and during the workshop.

Teachers who reported never having used mobile devices in their teaching practices
before the workshop mentioned they could change that due to two main factors: (a) using
mobile devices may increase students’ motivation to learn; and (b) mobile devices’ avail-
ability to most students [30].

No teacher had previous experience in using AR to promote their students” learn-
ing [30]. The Horizon initiative [37] has placed AR technology in the time-to-adopt group
for K-12 educational contexts, highlighting its potential to provide powerful, contextual,
and in situ visual and interactive learning experiences. However, our empirical results
indicated that about 8 years later, teachers are still not exploring this technology with high
educational value. Factors that could change this situation, according to teachers, are:
(a) teacher knowledge on how to use AR to promote learning, developed in professional
development initiatives; (b) knowing that the use of AR technology may increase students’
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motivation to learn; (c) AR may facilitate teaching and learning processes; and (d) teacher
willingness to change practice [30].

Seven teachers reported previous experience in promoting game-based learning [30].
From these, 6 presented valid examples, usually mentioning a quiz format. The game
approach is one with high expression in international reports. In the Horizon series, it
is presented as an effective and versatile approach with gains in student engagement,
creativity, and authentic learning [38,39]. However, this seems to still be an approach with
limited expression in teacher practices. This result contrasts with Russo, Bragg, and Russo’s
study [18], in which the majority of teachers mentioned using educational games at least
once a week, revealing this approach can be popular among Australian practitioners.

According to this study’s teacher cohort, factors that could promote higher exploration
of games in formal education are: (a) using games, which may increase students” motivation
to learn; (b) teacher knowledge of games that can be explored to promote learning; and
(c) access to resources, either the games or their supporting technologies [30].

Regarding the use of mobile devices, AR, and games in teaching practices, during
about three months, which corresponded to the workshop period, 12 teachers mentioned
they promoted mobile and/or game-based learning, and 9 teachers mentioned using AR.
As to the reasons for not exploring these approaches, teachers mentioned: (a) lack of
opportunities or time (“It was not timely” (Q4)); (b) lack of resources (“Did not have
conditions in the classroom” (Q16)); (c) lack of teacher readiness (“Because I still don’t
feel comfortable using it” (Q9)); (d) lack of students” skills (“Because students don’t know
how to use it for this purpose” (Q16)); and (e) COVID-related barriers (“Considering the
pandemic context that we live in” (Q15)).

Moreover, teachers had the opportunity to present additional (optional) comments
on the workshop topics, and their answers revealed teachers generally sustained positive
perceptions, as revealed by the following citations: “It [mobile leaning] is an asset for
the knowledge acquisition in a more fun and motivating way” (Q2); “AR is a tool that
should be explored in lessons’ (Q5); and ‘It [the game] is an excellent tool for motivation”
(Q1). On the other hand, some teachers seemed to envision difficulties: “I would like to
be able to use them [mobile devices] in the classroom” (Q16); and “It [AR] is still not very
disseminated in the teaching community” (Q14).

Facing these results, it is reasonable to consider that the workshop had an impact
on teachers’ practices, according to their self-reports. However, it is worthwhile to note
that even after long-term training, a small group of teachers (2 to 5, varying with the
considered approach) remained reluctant to try out the approaches for which they were
training. These reluctancy and lack of readiness to explore mobile, AR, and game-based
learning were not evident during the face-to-face training sessions, so it seems reasonable
to assume that teachers tended to contribute less to the large-group discussion when they
did not agree or did not feel comfortable with the approaches under analysis. In the future,
teacher trainers must take this result into account in order to have a deeper impact on the
practices of teachers who are reluctant regarding the exploration of mobile learning, AR,
and game-based learning.

3.4. Opinions about Benefits and Barriers

Figures 4 and 5 and Tables 4-6 summarize teachers’ answers to the open-ended ques-
tion “What potential /advantages do you identify in using [mobile devices/AR/game(s)]
to promote learning?”.
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Figure 4. Comparison of the frequency of types of benefits and barriers, identified by teachers,
on mobile learning, educative use of AR, and game-based learning, at the beginning and end of

the workshop.
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Figure 5. Comparison of the frequency of each type of benefit identified by teachers on mobile learning, educative use of
AR, and game-based learning, at the beginning and end of the workshop.
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Table 4. Numbers of types of benefits and barriers on the educative use of mobile devices, AR, and
game(s), according to teachers at the beginning and end of the workshop.

1 i 1
Number of f at the Beginning f* at the End
Mobile AR Game Mobile AR Game
0 0 4 0 0 1 0
1 6 6 10 3 5 7
2 6 2 2 6 5 4
. 3 2 2 2 4 3 2
Benefits 4 0 0 0 1 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
T 24 16 20 31 24 21
A 1.7 1.1 1.4 2.2 1.7 1.5
0 0 0 2 0 1 0
1 5 6 6 4 6 4
2 6 2 5 1 3 5
Barri 3 3 2 1 8 3 4
arriers 4 0 0 0 0 0 0
5 0 0 0 0 0 1
6 0 0 0 0 1 0
7 0 0 0 1 0 0
T 26 16 19 37 27 31
A 1.9 1.1 1.4 2.6 1.9 2.2

! The first column indicates the number of types of benefits (numerals presented in bold) and the number of types
of barriers (numerals also in bold) given in each questionnaire. f: Frequency of teachers’ whose answers included
each number of types of benefits or barriers. T: Total. A: Average.

Table 5. Benefits of exploration of mobile devices, AR, and game(s) in teaching practices, according to teachers at the
beginning and end of the workshop.

f1 at the Beginning f1 at the End
Benefits Theme Mol?lle AR Gamel(s) T Mol?lle AR Game(s) T
Devices Devices

Supports.bette{* learr}mg (e. g., fast 5 4 3 12 1 13 8 30
information, higher interactivity)

Motivates students to learn 9 7 10 26 10 6 9 25

Allows learning in a fun way 2 1 5 8 1 1 2 4

Are easy to use 1 0 0 1 0 0 0 0

(Up-to-date) hardware is available 4 1 0 5 4 0 0 4

Digital resources are available 1 0 0 1 0 0 0 0

Diversifies teachmg/ learning » ” 0 4 4 ” 1 7

methodologies
Can be done without the teacher 0 0 2 2 0 1 0 1
Other' factors (e.g., supports experience 0 1 0 1 1 1 1 3
sharing, allows outdoor lessons, etc.)
T 24 16 20 60 31 24 21 76

1 f: Frequency of teachers’ answers included in each type of answer. T: Total (values for all the benefits at the beginning and end of the
workshop are resented in the grey cells).



Educ. Sci. 2021, 11, 404

13 of 21

Table 6. Barriers to exploration of mobile devices, AR, and game(s) in teaching practices, according to teachers at the

beginning and end of the workshop.

f1 at the Beginning 1 at the End
Barriers Theme Mol')lle AR Game(s) T Mol?lle AR Game(s) T
Devices Devices
Risk of poorer learnmg (e.g., unreliable 1 0 3 4 1 2 3 6
information)
Risk of student distraction 6 2 2 10 7 2 6 15
Risk of demotlvatl'on (e.g., to those who 0 0 1 1 0 0 2 ’
do not like to play)
Its use is forbidden by school policy 2 0 0 2 2 0 0 2
The hardware is pot available or is too 7 6 5 18 7 6 2 15
diverse
Lack of (quality) internet connection 5 3 2 10 6 3 3 12
Lack of suitable digital resources 1 0 0 1 0 3 3 6
Lack of teacher didactic competence on 0 5 0 5 1 1 5 4
these approaches
Lack of teacher and/or student digital 4 1 0 5 5 ” 0 7
competence
Lack of time (to prepare, to explore in 0 2 4 6 3 2 4 9
lesson)
Risk of student addiction 0 0 1 1 0 0 2 2
Other factors (e.g., not being current
practice; teacher demotivation, battery 0 0 1 1 5 6 4 15
time)
T 26 16 19 61 37 27 31 95

1 f: Frequency of teachers’ answers included in each type of answer. T: Total (values for all the benefits at the beginning and end of the
workshop are resented in the grey cells).

Figure 4 reveals that teachers were able to mention more types of benefits and barriers
at the end of the workshop, when comparing to the beginning. For example, teachers
identified 24 types of benefits of mobile learning at the beginning, and 31 benefits at the
end. Similarly, teachers identified 26 types of barriers for mobile learning at the beginning
and 37 barriers at the end. Thus, the workshop seems to have had an impact on teachers’
ability to acknowledge both benefits and barriers to the educative use of mobile devices,
AR, and games.

Taking into account that the more benefits teachers identified, the more positive
their perspectives could be considered, and that the more barriers teachers identified, the
more negative their perspectives could be considered, Figure 4 seems to indicate that
the workshop had a more intense impact regarding the barriers, which may indicate a
moderate negative view. This was a surprising result after training on these educational
approaches, but it is possible to hypothesize that knowing the approaches better made
teachers more conscious of potential barriers to their implementation.

Presenting results in more detail, Table 4 shows that at the beginning of the workshop,
teachers pointed toward 0 to 3 different types of benefits and barriers for each workshop
approach. They reported a total of 60 benefits (24 for mobile learning, 16 for AR, and 20 for
games) and 61 barriers (26, 16, and 19, respectively), which seemed to reveal teachers’
initial neutral perspective on the educative use of mobile devices, AR, and games [30].

After the workshop, teachers pointed toward 0 to 4 types of benefits and 7 types of
barriers for each workshop approach. They identified a total of 76 (31 for mobile learning,
24 for AR, and 21 for games) types of benefits and 95 (37, 27, and 31 respectively) types
of barriers.
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It is notable how, at both data collection moments, teachers seemed to associate the
benefits and the barriers of mobile learning with the ones of AR, and also with those of
game-based learning. For example, even at the end of the workshop, teachers mentioned
similar benefits to all the approaches, as illustrated by the following citations from Q7:
“[Mobile devices] promote engagement and motivation in students.”; “[AR] fosters motiva-
tion, commitment, and enthusiasm for learning.”; and “Extrinsic motivation is enhanced
by the strategies of the game.” This result may be related to the fact that all the approaches
were focused on the same training course and exemplified with the same educational
resource, a mobile app that supports both gaming and AR. However, even in the initial
questionnaire, teachers associated these three approaches in similar ways. This was illus-
trated by the benefits of mobile learning, AR, and game-based learning reported in Q4:
“Learning in a playful way” (the same sentence included in all the answers). Therefore, it
seems that the association between the approaches occurred before the training.

Figure 5 summarizes the frequency for each type of benefit teachers mentioned in
their answers at the beginning and at the e2nd of the workshop. For the two most frequent
benefits, “Supports better learning” and “Motivates students to learn”, there was an
increase of frequency after the workshop.

In a more detailed analysis, Table 5 shows that initially, the most pointed types of
benefits were: (a) “Motivates students to learn” (total of 26 teacher mentions); (b) “Supports
better learning” (total of 12); and (c) “Allows learning in a funny way” (total of 8), with
this last one having more expression regarding the game-based learning approach. At the
end of the workshop, motivation (total of 25 mentions) was surpassed by better learning
(total of 32), these being the most relevant benefits for the majority of teachers. These
results were in line with a previous study [10], related to a short-term teacher training
on the same topics, but focused on mobile learning, where student motivation, ease in
finding information (which in this study was included in the better learning category), and
technology availability stood out. The results indicated that teacher training supported
more teachers in identifying learning promoted by these approaches, although with less
intensity for games (an increase from 3 to 8 mentions in the present study) and higher
intensity for AR (an increase from 4 to 13 mentions). Therefore, the workshop seems to
have had a greater impact on teachers’ ability to acknowledge how a technology, unknown
to most of the cohort before the training (the AR), can support learning. Moreover, teachers’
answers were longer and more elaborated at the end of the workshop, which may be
interpreted as an impact of the workshop on teachers’ understanding of the learning
that can be potentiated by the approaches. This is illustrated by the following citations:
“[AR] improves knowledge” (Q9 at the beginning); and “[AR] shows in three dimensions
(3D) some topics covered in the classroom, so that the student can better understand the
«reality». Greater interactivity” (Q9 at the end of the workshop).

Fun learning is a theme that was present in all workshop topics; however, teachers’
focus on this feature decreased (from a total of 8 to a total of 4 mentions). This result seems
to point out that training in these approaches contributes to the transformation of teachers’
perceptions of mobile devices, AR, and games being used just for fun to perceptions that
these approaches can effectively support deeper learning. The articulation of these elements
may sustain mentality changes regarding learning, which is a claim that has been made
previously [10].

Other types of benefits pointed out by teachers included aspects related to the avail-
ability of technological hardware (usually, associated with mobile devices) and software,
its ease of use, and the fact that by using these approaches, teachers and students diversify
teaching and learning experiences, particularly in formal education contexts. Some benefits
frequently selected by teachers in the previous study [10] were not mentioned by this
study’s cohort, specifically “The information is up-to-date”, “Does not waste paper”, or
“Facilitates teachers work, namely in assessment”.
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Figure 6 summarizes the frequency of each type of barrier teachers mentioned in their
answers at the beginning and end of the workshop. Overall, most barriers registered higher
frequencies at the end of the workshop.
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Figure 6. Comparison of the frequency of each type of barrier, identified by teachers on mobile learning, educative use of
AR, and game-based learning, at the beginning and end of the workshop.

In a more detailed analysis, Table 6 shows that the most frequent types of barriers
were: (a) “The hardware is not available or is too diverse” (from 18 teacher mentions to 15);
(b) “Lack of (quality) internet connection” (from 10 mentions to 12); and (c) “Risk of student
distraction” (from 10 mentions to 15). All these barriers were found in a previous study [10],
although with a much smaller expression: (a) 1 teacher (in a total of 26) mentioned the
lack of access to mobile devices for some students; (b) 5 teachers selected the need for
an internet connection or its lack of quality; and (c) 9 teachers selected student access
to distractions. In fact, in the previous study, the most expressed barriers were the risk
of developing mobile-device dependence, increased battery consumption, and school
prohibition of mobile device use in classes. All these barriers emerged in the present study
as well, but with different intensities. Nevertheless, these issues need to be considered
by teachers and teacher trainers in order to effectively promote mobile learning, AR, and
game-based approaches in teacher practices.

Other types of barriers pointed out by teachers at both data-collection moments
included aspects related to lack of time (from 6 to 9 mentions), lack of teacher or student
digital competence (from 5 to 7), risk of poorer learning (from 4 to 6), and lack of suitable
digital resources (from 1 to 6). None of these barriers were identified in the previous
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study [10]. However, other themes in common with the previous study, which emerged
with small expression in this study, were: (a) School prohibition of use in classes (only for
mobile devices); (b) Lack of teacher didactic competence in these approaches; and (c) Risk
of student addiction (only for mobile devices in the first study and only for games in the
present study). So, once again the same barrier themes were identified in both studies,
although with different intensities.

Finally, it is noteworthy to highlight that teachers pointed out some barriers that were
not exclusive to these approaches. For example, regarding lack of time, a teacher mentioned
at the end of the workshop: “The time spent on classroom with gaming activities may
lead to not being able to teach all the [curricular] content” (Q4). The same may be said
regarding most teaching approaches that teachers do not know yet, which require a higher
investment in terms of planning and implementation during lessons.

4. Conclusions

This work addresses the need to analyze the impact of continuous teacher training
initiatives concerning new technology supporting teaching approaches on professional
development. It WAS conducted under a case study [31] on the development process of
mobile AR games for STEM learning by 14 in-service teachers during a 50 h workshop in
Portugal. Hence, the present paper presented the analysis of the impact of this workshop
on teacher trainees’ professional development through a questionnaire filled in at the
beginning and end of the workshop.

Regarding teachers’ understanding of mobile learning, AR, and game-based learning,
this study registered a higher impact on AR educative use, which was the less-known
approach for teachers, compared to mobile and game-based learning. Teachers revealed
difficulties in explaining concepts’ definitions even at the end of the workshop; however,
they demonstrated increased understanding and increased ability to provide concrete
examples of each teaching approach.

In what concerns teachers’ experience in educational contexts, teachers became more
experienced with mobile learning, AR, and game-based learning as learners themselves,
and reported having explored them with their students during the three-month workshop
period. Hence, this study’s results support the claim that the analyzed workshop promoted
teacher practice changes, although only through self-reports. Future investigations may
include teacher practice observations to ascertain the accuracy of teachers’ claims.

Finally, teachers’ ability to identify benefits and barriers through the workshop teach-
ing approaches increased with the training, although with more intensity with respect to
barriers. Nevertheless, the most mentioned benefits pointed out by teachers were related to
the improved student learning and motivation that may be promoted by mobile AR games.
On the other hand, among the barriers to the implementation of these approaches in teach-
ing practices that stood out was the unavailability of proper hardware to support them, or
even the hardware diversity that emerges from the bring-your-own-device option, the risk
of student distraction, and lack of a quality internet connection. These barriers gain higher
relevance if the 2019 State of Education Report [36] is considered, as it mentions the wear
and tear of the Portuguese schools’ computer park, and the internet connection fragility
in the majority of schools. Therefore, the presented set of barriers to implementation is
relevant both for in-service teachers and for teacher trainees preparing future professional
development initiatives.

With only 14 participant teachers, this study did not aim to provide results generaliz-
able to the entire Portuguese teacher population. However, this teacher cohort very closely
reflected the Portuguese teacher profile [23,24] in terms of gender and experience. Hence,
this study could be a good indicator of the teacher population status on these matters.

In sum, this study presented empirical evidence that long-term teacher training
concerning the educative exploration of new technologies, which includes the creation of
educational resources, may contribute to the transformation of teachers’ perceptions. These
seemed to evolve from a perspective that mobile devices, AR, and game-based approaches
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are considered just for the fun they provide, to perceptions that these approaches can
effectively support deeper learning, and hence changing mentalities on how people can
learn [40]. Consequently, a recommendation to educational researchers and teacher trainers
emerged: to build upon these workshop methodologies in order to have an impact on
teacher professional development in what concerns the integration of innovative teaching
technologies in their practice.
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Appendix A
Table A1. Questions of the Section 3 of the Initial Questionnaire.
Question ID Type Questions in English (in Portuguese in the Original Questionnaire)
G4QO1 open-ended Explain, in your own words or c1t1ng. authors. in the literature, what you mean by
mobile learning.
G4QO2 open-ended If you know of any educatl(?nal initiatives or projects involving mobile devices,
briefly describe an example.
Have you ever used mobile devices to learn?
G4Q03 closed-ended, one K?j
I don’t know /I don’t remember
G4Q04 open-ended Briefly describe an experience where you have used a mobile device to learn.
How often do you use mobile devices to promote learning?
closed-ended, one Never used
G4Q05 option select,ion Sometimes
P Periodically (e.g., twice a month per class)
Very often (for example, almost every day)

G4Q06 open-ended What could motivate you to use mobile devices to promote learning?
G4QU7 open-ended Briefly describe an experience where you have used mobile devices to promote

learning.

What potential /advantages do you identify in the use of mobile devices to promote
ing?

G4Q08 open-ended learning?

(Please clearly present at least three strengths/advantages that may affect the
teaching class)
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Table A1. Cont.

Question ID Type Questions in English (in Portuguese in the Original Questionnaire)
What barriers/constraints do you recognize in using mobile devices to promote
G4Q09 open-ended learning?
(Please clearly state at least three barriers/constraints that can affect teachers)
G4Q10 open-ended Do you have any comments regarding mobile learning?
G5001 open-ended Explain, in your own words or citing authors in the lltere'lture, what you mean by
educational use of augmented reality.
G5Q02 open-ended If you know any educational .1n1t1atlves or projects that involve augmented reality,
briefly describe an example.
Have you ever had any experience in augmented reality (regardless of context)?
closed-ended, one Yes
G5Q03 option selection No
I'don’t know/I don’t remember
G5Q04 open-ended Briefly describe an experience in which you have used augmented reality
(regardless of context).
Have you ever used augmented reality to learn?
closed-ended, one Yes
G5Q05 option selection No
I'don’t know/I don’t remember
G5Q06 open-ended Briefly describe an experience in which you have used augmented reality to learn.
How often do you use augmented reality to promote learning?
closed-ended, one Never used
G5Q07 option select’ion Sometimes
P Periodically (e.g., twice a month per class)
Very often (for example, almost every day)
G5Q08 open-ended What could motivate you to use augmented reality to promote learning?
G5009 open-ended Briefly describe an experience in which you have used augmented reality to
promote learning.
What potential/advantages do you identify in using augmented reality to promote
G5Q10 open-ended learning?
(Please clearly present at least three strengths/advantages that may affect teachers.)
What barriers/constraints do you recognize in the use of augmented reality to
G5Q11 open-ended promote learning?
(Please clearly state at least three barriers/constraints that can affect teachers.)
G5Q12 open-ended Do you have any comments regarding the educational use of augmented reality?
G6Q01 open-ended Explain, in your own words or citing authors in the literature, what you mean by
game-based learning.
G6Q02 open-ended If you know any educational .1n1t1atlves or projects that involve the use of game(s),
briefly describe an example.
Have you ever used game(s) to learn?
closed-ended, one Yes
G6Q03 option selection No
I don’t know /I don’t remember
G6Q04 open-ended Briefly describe an experience in which you have used game(s) to learn.
How often do you use game(s) to promote learning?
closed-ended, one Never used
G6Q05 option select’ion Sometimes
P Periodically (e.g., twice a month per class)
Very often (for example, almost every day)
G6QO06 open-ended What could motivate you to use game(s) to promote learning?
G6Q07 open-ended Briefly describe an experience where you have used game(s) to promote learning.
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Table A1. Cont.

Question ID Type Questions in English (in Portuguese in the Original Questionnaire)
) What potential/advantages do you identify in using game(s) to promote learning?
G6Q08 open-ended (Please clearly present at least three strengths/advantages that may affect teachers.)
. What barriers/constraints do you recognize in using game(s) to promote learning?
G6Q09 open-ended (Please clearly state at least three barriers/constraints that can affect teachers.)
G6Q10 open-ended Do you have any comments regarding game-based learning?
Table A2. Questions of the Section 3 of the Final Questionnaire.
Question ID Type Questions—in English (in Portuguese in the Original Questionnaire)
G4QO1 open-ended Explain, in your own words or c1t1ng. authors. in the literature, what you mean by
mobile learning.
G4Q02 open-ended If you know of any educatl(?nal initiatives or projects involving mobile devices,
briefly describe an example.
- . : : . ”
closed-ended, one In this Training Workshop did you use mobile devices to learn?
G4Q03 ! . Yes
option selection N
o
During the period in which this Training Workshop took place, did you use mobile
closed-ended, one devices to promote learning?
G4Q04 option selection Yes
No
Why did you decide not to use mobile devices to promote learning during the
G4Q05 open-ended period in which this Training Workshop took place?
What potential /advantages do you identify in the use of mobile devices to promote
G4Q06 open-ended learning?
(Please clearly present at least three strengths/advantages that may affect teachers)
What barriers/constraints do you recognize in using mobile devices to promote
G4Q07 open-ended learning?
(Please clearly state at least three barriers/constraints that can affect teachers)
G4Q08 open-ended Do you have any comments regarding mobile learning?
G50Q01 open-ended Explain, in your own words or citing authors in the hterzjlture, what you mean by
educational use of augmented reality.
G5002 open-ended If you know any educational '1n1t1atlves or projects that involve augmented reality,
briefly describe an example.
: - : : ”
closed-ended, one In this Training Workshop did you use augmented reality to learn?
G5Q03 . . Yes
option selection
No
During the period in which this Training Workshop took place, did you use
G5Q04 closed-ended, one augmented reality to promote learning?
option selection Yes
No
} Why did you decide not to use augmented reality to promote learning during the
G5Q05 open-ended period in which this Training Workshop took place?
What potential/advantages do you identify in using augmented reality to promote
G5Q06 open-ended learning?
(Please clearly present at least three strengths/advantages that may affect teachers)
What barriers/constraints do you recognize in the use of augmented reality to
G5Q07 open-ended promote learning?

(Please clearly present at least three barriers/constraints that may affect teachers)
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Table A2. Cont.

Question ID Type Questions in English (in Portuguese in the Original Questionnaire)
G5Q08 open-ended Do you have any comments regarding the educational use of augmented reality?
G6QO1 open-ended Explain, in your own words or citing authors in the literature, what you mean by

game-based learning.
G6Q02 open-ended If you know any educational .1n1t1atlves or projects that involve the use of game(s),
briefly describe an example.
In this Training Workshop did you use game(s) to learn?
G6QU3 closed-ended, one Please select only one of the following options:
option selection Yes

No

During the period in which this Training Workshop took place, did you use game(s)

ing?
closed-ended, one to promote learning?

G6Q04 option selection Please select only one ;)efsthe following options:
No
Why did you decide not to use game(s) to promote learning during the period this
G6Q05 open-ended T Trainiig Wc()r)kshgp took place? i smer
What potential /advantages do you identify in using game(s) to promote learning?
G6Q06 open-ended (Pleasf clearly present at%east th};ee strengti]ls/ advai’gges t(h;t mr;y affect teachelfgs)
What barriers/constraints do you recognize in using game(s) to promote learning?
G6QU7 open-ended (Please clearly state at least }t]hree baliiers / constragir%ts th;t)canpaffect teachers) 8
G6Q08 open-ended Do you have any comments regarding game-based learning?
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