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Abstract. This Ph.D. research aims to investigate authoring tools for augmented
reality (AR) applications devoted to education. We investigate teacher’s ways of
work, how they prepare their lessons and select materials to be used as well as
how current technology has been used in their practice. Based on the results,
we will propose an authoring tool that would make sense to teacher’s needs and
abilities and would be coherent with the constraints they might face.

Resumo. Esta pesquisa de doutorado visa investigar ferramentas de autoria
para aplicações de realidade aumentada (RA) na educação. Investigamos as
formas de trabalho do professor, como preparam suas aulas e selecionam os
materiais a serem utilizados e como a tecnologia atual tem sido usada em sua
prática. Com base nos resultados, iremos propor uma ferramenta de autoria
que faça sentido para as necessidades e habilidades do professor e seja coerente
com as restrições que eles possam enfrentar.

1. Problem Statement
AR consists of adding virtual elements to a real scene coherently so that ideally users
cannot differentiate them from the real scene [Azuma 1997]. Unlike other computer in-
terfaces that draw users away from the real world and onto the screen, AR enhance the
real world experience. AR educational experiences are different due to numerous reasons,
including: (a) support of seamless interaction between real and virtual environments, (b)
use of a tangible interface metaphor for object manipulation, and (c) ability to transition
smoothly between reality and virtuality [Billinghurst and Duenser 2012]. However, for
these tools to be widespread in this field it is important to have suitable authoring tools
as time and technical expertise are two of the reasons that hinder the far-reaching use of
authoring tools [Roberto et al. 2016]. Thus, we observe the need to work on AR author-
ing tools for education. We believe that simpler and easier to use authoring tools would
enable much more AR exploration in the classrooms.

2. Objectives
Our research question is what are the specific needs for AR authoring tools aimed at ed-
ucation? The main objective is to investigate teacher’s use of technology, particularly,
AR to identify their needs for authoring. Our research hypotheses is that from the
identification of teacher’s AR authoring needs, we can expand AR pedagogic possibili-
ties. This research has been developed for 41 months. It will last until February, 2020.
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3. Related Works
Coexistence of virtual and real information allowed by AR enables learners to visualize
complex spatial relationships and abstract concepts [Radu and Schneider 2019]. Other
AR capabilities that can be explored in education are its ability to improve how users re-
ceive and follow instructions, and its capacity to transform the way users interact with and
control products [Microsoft 2015]. Works investigating and evaluating AR in education
has been increasing [da Silva et al. 2019]. AR has been correlated to a positive impact
on students’ motivation [Radu 2014] and cognitive performance [Theodorou et al. 2018].
Despite these learning opportunities, AR applications are still not widely used in edu-
cation. Many factors can influence teachers’ technology adoption, such as their own
technology skills and educational beliefs. Social learning and support in workplace en-
vironments, the tools available as well as the possibility of customization of educational
experiences also play a role in teachers’ adoption of technology [Vermette et al. 2019].

Authoring tools can be categorized in two broad categories: AR authoring for
programmers and for non-programmers [Roberto et al. 2016]. The former requires pro-
gramming knowledge from the user and usually refers to code libraries (e.g: ARToolkit).
The latter refers to tools, in which abstraction is added and low level programming ability
is removed or hidden. The non-programmer, or content design tools, are content-driven
and usually include graphical user interfaces for building applications without writing any
lines of code. For this work, the latter category will be explored. Many content-design
tools have been developed although few of them are aiming to the field of education.
[Barone Rodrigues et al. 2015] carried out a systematic review about AR authoring tools
for education and found out only four studies regarding that matter. These works lacked
the possibility of reuse of the material created by the users.

[Locatis and Al-Nuaim 1999] highlight the importance of analyzing the authoring
tools and the context in which they will be used. They stress the importance of evaluating
these aspects in relation to technology and product life cycles along with business and
marketing strategies contributing to a technology success. Other works have investigated
this issue [Vert and Andone 2017], however, they usually base their decisions only on
scientific literature. Thus, our main difference is that we investigate AR authoring tools
for education using a design-based approach.

4. Methodology
This research uses the design-based approach whose ultimate goal is to build
a stronger connection between educational research and real-world problems
[Amiel and Reeves 2008]. Design-based research (DBR) calls for iterative cycles of study
that lead to a better understanding of the process of intervention (process-oriented). It has
five characteristics: interventionist, iterative, process-oriented, utility oriented and theory
oriented. This choice is based on the nature of the problem we tackle in this research. As
pointed out by [Amiel and Reeves 2008], “integrating technologies into the classroom
leads to substantial changes in social organization, student-teacher relationships, and a
myriad of other factors that cannot be investigated successfully by predictive research.”

The first stage of a DBR consists in an “analysis of practical problems by re-
searchers and practitioners in collaboration”. This first step involved the application of
semi-structured interviews with 7 teachers and 2 coordinators who used AR to investigate
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teacher’s ways of work, how they prepare their lessons and select materials to be used as
well as how AR technology has been used in their practice [Silva et al. 2018]. The data
was analyzed following the phases of thematic analysis [Braun and Clarke 2006]. The
unit of analysis was all teachers’ responses considered together. We also conducted an
online structured survey with 106 teachers to gather information about the current ma-
turity level of AR adoption in schools, and the constraints blocking AR to be used in
the classrooms [Silva et al. 2019]. These questions were based on the Future Classroom
maturity model [Future Lab 2014]. The data collected helped the researcher to create
personas of the teachers and storyboards that represent teacher’s AR use and creation cre-
ation process [Martin et al. 2012]. For this stage, we aimed to recruit participants that
represented a broadcross-section across teaching levels and subjects.

After, ideation sessions were conducted with teachers, developers and designers
to understand what teachers would like to do with AR and how they could customize AR
content for learning purposes. For this stage, we focused on foreign language teaching
to teenage students in Brazil and in the US. Our main goal was to extract requirements
needed for an AR authoring tool. These sessions were inspired in the sprint method prac-
tices [Knapp et al. 2017], which focuses on prototyping and testing ideas with customers
in an agile format. Their output were the map of the problems faced by the teachers,
sketches of possible solutions and a detailed storyboard of the solution proposed.

The next step in DBR is described as “Iterative cycles of testing and refinement
of solutions in practice”. In this ongoing process, we are finishing a prototype to validate
with teachers. The first cycle will involve a low fidelity prototype, which will be iter-
ated based on the feedback received. These cycles are intended to be conducted until a
particular version of the prototype presents desired results, which means that it will meet
teachers’ needs. At least two cycles of user tests will be conducted in this research.

The last cycle in DBR is a “reflection to produce “design principles” and enhance
solution implementation”. This means that the data gathered will be reflected upon to
generate guidelines for the development of an AR authoring tool aimed at education.

5. Results and Final Considerations
The interviews and the survey have indicated that although teachers seem interested in
learning about AR, its use has not reached higher levels of maturity in schools yet. Dif-
ferent aspects were found to contribute to this, such as lack of infrastructure, authoring
tools and time. Teachers also need more guidance and support to better connect AR use
with their pedagogic goals. These results suggest that teachers believe that more author-
ing tools could enable much more exploration in the classrooms. As regards the existing
content creation tools, data have shown that the teachers who created AR content usually
have issues regarding user-friendliness.

Our research has evidenced some aspects that are important to be considered in
AR authoring tools development, namely: (a) user-friendliness; (b) offline version; (c)
mobile version; (d) personalization ; (e) assessment flexibility; (f) collaboration between
users; (g) collaborative authorship; (h) sharing AR experiences; (i) content curation; (j)
statistics; (k) complex controls; and (l) location based-content. Other aspects might also
need consideration, such as support to teachers and the cost of the tools.

Based on our results, we chose a challenge to focus on during the ideation ses-
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sions: “How might we design a learning sequence using AR to help students understand
ELA1 concepts in small groups?” We raised different problems teachers face regarding
the proposed challenge. These problems were correlated with AR’s potential. The prob-
lems chosen to be tackled are: student dependency of the teacher and students lack of
understanding the topic. Technology restrictions were also shared with participants. We
chose to use Microsoft Hololens [Microsoft 2019] due to its flexibility. Teachers were
prompted to think about what they would like to use AR for.

We aim to propose an AR application to be the base for the authoring tool. The
storyboard of a solution named Virtual Playground was developed. It intends to help
students learn language through storytelling. A prototype of this tool is currently being
developed. Many characteristics found in our research are being incorporated into the
prototype. For instance, it will allow collaboration between students to produce content.
Also, both teachers and students will be able to provide input in the creation process.
it will also enable users to create and share the content intuitively. The interface of the
prototype is being created using Figma2, while the prototype of the tool is being developed
using Vuforia3 and Unity4. Thus, an AR authoring tool will be proposed to create content
for this application considering the data collected in this research. This prototype will be
validated with teachers to understand what kinds of lessons they can create using AR.

As limitations, teachers who used AR can be considered pioneers and may not
represent the whole population. Also, we understand that solving the problems discussed
in this work might not directly cause teachers to use AR in more advanced levels. Be-
havioral elements and circumstances at workplace also play a role in teachers adoption of
new technology and its effective use. These aspects are not in direct control of developers.
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