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METHODOLOGY

Identification

Screening

Eligibility

Included

Records from databases
(Scopus, WoS,
IEEExplore, Springer)

n =3070

Records after duplicates
removed

n=2675

Records excluded based on title
and abstract (n = 2316)

Cohen’s Kappa = 0.88

Full text articles
assessed for eligibility

n =359

Studies included in the
literature review

n=131

Full text articles excluded for
following reasons (n = 228):

Not an implemented AR

application (n =81)

Not for education (n = 60)

Not interactive, collaborative or

multiuser (n = 47)

Outside target audience (n = 36)

Not peer reviewed (n = 4)

Cohen’s Kappa = 0.73

> Inclusion criteria:

>

>

Studies published
between 2015 and 2023
New AR application
Primary and secondary
schools

> Exclusion criteria:

>

Not interactive,
collaborative or multi-
user

Not for education

Not peer reviewed
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03

04

05

Mostly single-user experiences (21/131 multi-user, 16/131 collaborative)

Behaviour tracking hardly considered (6/131)

Augmented interactions started getting traction in 2019
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Lack of authoring tools

Issues 4 Availability of free-to-use 3D content

Code publication

Stronger positive impact is related to inclusion of AR usage in existing school curricula

Multi-user AR for distance learning is an unexplored topic

Latest AR technologies still not widely used (mostly vision, QR-based)
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TEACHER REQUIREMENTS

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11

Work on many different platform and devices

Foster teacher-student interactivity

Foster student-student interactivity

Enable several customisation options

Collect data on how the application is used

Enable easy development, as well as installing and updating
Work smoothly on older hardware

Allow collaborative work

Provide tools for analysis of data and usage patterns
Enable automatic analysis of test difficulty

Detect students with learning difficulties
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COLLABORATIVE LEARNING ENVIRONMENT FOR AR
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cleARis the architecture defined to fulfil every design objective

STATE OF THE D

It is a client-server architecture, composed by several modules

Overview

Methodology

> Each module oversees a specific task and satisfies a design objectives

RESEARCH

RESULTS
>

DO1 (interoperability) and DO6 (ease of development] fulfilled thanks to how

the architecture was defined

ehtectrs > Some components rely on existing libraries, developed at Vicomtech or

CONCLUSIONS ava|l_able as Open source
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Publications
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MULTI-USER INTERACTIONS: ORKESTRA

> Synchronisation and management of heterogeneous
devices in multi-user applications

> Developed for web applications, then extended to
other software environments

> Enables context maintenance in multi-device
environments

> Main features:
> State sharing and synchronisation
> Service publishing from one device to another
> Video synchronisation from a centralised clock

Multi-user interactions

Multi-device library

Unity

Web Client Client

!

Socket server

Static server

Synchronization server

@ Shared state
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ORKESTRA: state synchronisation

> Applications can store data and share it across devices

> When a device changes its state, this is shared across

every connected device

> There are two types of state:

Active

O
==
» Ag e n t O Active I
- \ Orkestra Server

> Application

f
| »




ORKESTRA: services

INTRODUCTION
Motivation

Objectives
Methodology
Contributions D
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> Resource intensive services can be delegated to powerful devices
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ORKESTRA: video sharing and synchronization

> Multiple user can watch the same video content at the same time

Motion Server
=]

— ) ——
T

> Multimedia content can also be shared across devices, for example to share
the screen or the content grabbed from a camera

Janus Server
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DATA STORAGE

> Data can be serialized and stored on a DB or locally

> An APl allows storing and retrieving data through a

Learning Record Store

> This enables applications to fetch data from existing
LMSs (e.g., a set of questions for a test) and writing

data to it (e.g., results of in-app quizzes, students’

progress)

Data storage

Logging API

Data storage API

!

xAP| Manager

Learning Record Store

@ User-App Interactions
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Al-BASED ANALYTICS

> Data collected through the application can be used to

train or fine-tune Al models

> Models are trained and stored on the server side

> The API defines an interface for data input, and relies

on existing Al frameworks

> Specific algorithms for optimization of app parameters

Al-based analytics

Al input API
APP 1l EDA tools
optimization

A
\4

Al Framework

Model fine-tuning server

@ Model Zoo
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VISUALIZATION TOOLS

> Provides an interface for visualisation and reporting
> Simplifies the exploration of the data collected
> Low-code creation of plots and charts

> Enables teachers to draw insights

Visualization tools

Web Dashboard

Al output API

A
A\ 4

Dataviz server

Visualization exporter

g Visualizations DB
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AR-CUBE

> Interactions with the augmented content are

broadcast to all connected users
> Users can rotate the object or change its colour

> Interactions are stored in a queue and sent when

the dispatch time has elapsed

> Dispatch time can also be estimated automatically
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XAPI DATA ANALYSIS

> A Learning Record Store that collects data from

users accessing a web page.
> Data collected in the form of xAPI statements
> Demonstrates integration with Learning Locker

> Stress test was performed with 10 clients,

sending a total of 80k statements

> The statements were used to train a simple linear

classifier

Enter some text Send

Send 1 statement

Send 5 statements

Send 20 statements

il @ &

Access Access Start stress test
Learning Locker Jupyter Notebooks
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AR GEOGRAPHY QUIZ

> A more complex example that simulates a
geography quiz
> This PoC was then further developed to create

ARoundTheWorld

> Two modalities:
> free exploration

> forced perspective

The teachery Sé?ﬁdé;:é;@g]ééﬂbn toithe;student
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OVERVIEW

0

o o

Conceptual validation of cleAR performed through the creation of 3 PoCs

A more complex application is required to validate cleAR in a school
environment

The app, ARoundTheWorld, was designed with the help of teachers

Objective: demonstrate potential of c/eAR in the creation of collaborative
and interoperable applications
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Abstract: Augmented reality is a technology that enhances human perception with additional,
artificially gencrated sensory inputs. This creates new experiences enriching human vision by
combining natural with digital elements. Augmented reality development dates back o the early
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cleAR: an interoperable architecture for multi-user AR-based school
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Abstract

Although there are some experiences that demonstrate the validity of the use of augmented reality in schools to help students
understand and retain complex concepts, augmented reality has not been widely adopted in the education sector yet. This
is in part because it is hard to use augmented reality applications in collaborative learning scenarios and to integrate them
in the existing school curricula. In this work, we present an interoperable architecture that simplifies the creation of aug-
mented reality applications, enables multi-user student collaboration and provides advanced mechanisms for data analysis
and visualization. A review of the literature together with a survey answered by 47 primary and secondary school teachers
allowed us to identify the design objectives of cleAR, an architecture for augmented reality-based collaborative educational
applications. cleAR has been validated through the development of three proofs of concept. cleAR provides a more mature
technological ecosystem that will foster the emergence of augmented reality applications for education and their inclusion
in existing school programs.

Keywords Augmented reality - Multi-user interactions - Collaborative learning - Visual learning analytics - Artificial

intelligence

1 Introduction COVID-19 pandemic and its associated lockdowns, most
teaching activities have moved online and all stakeholders

‘The usage of technology in the last decade has transformed
the education sector, empowering teachers and students by
creating more engaging environments, facilitating collab-
oration and enabling different learning styles. During the

0 Stefano Masneri
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Ana Dominguez
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Computer Languages and Systems Department, University
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Fundacion Vicomtech, Basque Research and Technology
Alliance (BRTA), San Sebastian, Spain

relied on different technologies to keep school activities
ongoing (Azorin 2020).

In recent years, augmented reality (AR) technology is
being used more and more, thanks to an ever-increasing
number of devices supporting it, as well as a more mature
software ecosystem that allows developers to speedup the
creation of AR-based applications. With their ability to
attach virtual content to any physical surface, either through
the usage of markers or by using plane detection or geo-
eraphical information, AR applications have found a valu-
able role in training and education. Several companies offer
educational AR apps and many scientific publications have
shown that AR can enhance and improve the learning expe-
rience (Akgayir and Akgayir 2017).

Unfortunately though, AR has not yet seen widespread
usage in education, and most of the experiences carried
out so far are based on small experiments. This is due to
several causes (presented in Sect. 3.2) which can be sum-
marized with the difficulty for developers and educators to
create content that can be used by every student and that
integrates well with the existing school curricula. One of the

4\ Springer

Masneri, S., Dominguez, A., Sanz, M., Zorrilla,
M., Larranaga, M., & Arruarte, A. [2023). cleAR:
an interoperable architecture for multi-user
AR-based school curricula. Virtual Reality 27,
1813-1825 (2023). https.//doi.org/10.1007/
s10055-023-00764-5
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Abstract

Augmented reality applications can be used in an educational context to facilitate learning. In particular, augmented reality
has been successfully used as a tool to boost students’ engagement and to improve their understanding of complex topics.
Despite this, augmented reality usage is still not common in schools and it still offers mostly individual experiences, lacking
collaboration capabilities which are of paramount importance in a learning en s work presents an application
called ARoundTheWorld, a multiplatform augmented reality application for education. It is based on a software architecture,
designed with the help of secondary school teachers, that provides interoperability, multi-user support, integration with
learning management systems and data analytics capabilities, thus simplifying the development of collaborative augmented
reality learning experiences. The application has been tested by 44 students and 3 teachers from 3 different educational insti
tions to evaluate the usability as well as the impact of collaboration functionalities in the students’ engagement. Qualitative
and quantitative results show that the application fulfils all the design objectives identified by teachers as key elements for
augmented reality educational applications. Furthermore, the application was positively evaluated by the students and it suc-
ceeded in promoting collaborative behaviour. These results show that ARoundTheWorld, and other applications built using
the same architecture, could be casily developed and successfully integrated into existing schools curricula.

Keywords Augmented reality - Multi-user interactions - Collaborative learning - User evaluation - Data analysis

1 Introduction

Augmented reality (AR) is a technology which overlays vir-

tual objects (augmented components) into the real world.

These virtual objects then appear to coexist in the same.

3 Stefano Masnert space as objects in the real world (Akgayir and Akgayir
smasneri001 @ikasle.ehu.eus 2017; Azuma et al. 2001). Another widely used definition
Ana Dominguez is from Milgram and Kishino (1994) where, in a continuum
adominguez @vicomtech.org ranging from a purely virtual environment to a completely
Guillermo Pacho real one, AR is positioned close to the real environment and
gpacho@vicomtech.org the users perceive the real world with an additional layer
Mikel Zosrilla of virtuality. Even though the technology was originally
mzorrilla@vicomtech.org used as a tool to help assembly workers at Boeing by show-
Mikel Larraaga ing them virtual labels through the use of custom made
‘mikel larranaga@ehu.eus glasses (Caudell and Mizell 1992), AR has quickly attracted
Ana Arruarte research and industry attention in many different areas such
aarruarte@chu.cus as gaming (Das et al. 2017), cultural heritage (Vlachos et al.
2022), customer engagement (McLean and Wilson 2019),
‘manufacturing (Ong et al. 2008) or education (Avila-Garzon
etal. 2021; Garzon et al. 2019). Especially, in the last ten
years, there has been a surge of research related to the usage

Computer Languages and Systems Department, University
of the Basque Country UPV/EHU, San Sebastian, Spain

Fundacién Vicomtech, Basque Research and Technology
Alliance (BRTA), San S i
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Abstract—ARETE (Augmented Reality Interactive Educa-
tional System) is a European project, which aims to develop an
interactive toolkit for Augmented Reality (AR) content. In this
work in progress paper, we describe the system which is currently
being developed. The ARETE system follows human-centered
interaction design practices and has a strong focus in interactive,
multi-user and multi-lingual technologies. On completion, the
system be evaluated across three pilot studies. The three
pilots will involve more than 3000 students across ten European
countries and they will assess the impact of usage of the ARETE
system and the educational value of AR for English literacy skills,
STEM (Science, Technology, Engineering and Math) skills and
in the implementation of Positive Behaviour Support in Schools
(PBIS). ARETE will also be involved in the implementation of
new standards for the creation of cross platform content and
services as well as the creation of learning experience data
repositories.

Index Terms—augmented reality, digital education, interactive
systems, standardizatiol

1. INTRODUCTION

Augmented Reality (AR) refers to the real-time digital
overlay of information over physical elements [1]. Research on
AR related technology as well as its industrial applicati

flourishing all over the world and especially across Europe, in
various domains. These application areas range from health-
care to biomedical, from agriculture to transportation, from
training and education to gaming and entertainment purposes.
AR has been described as a single-user tool with provision
for collaborative spaces [2]. The ARETE project [3] aims to

978-1-7348995-0-4/20/31.00 ©2020 Immersive Learning Research Network

eleni.mangina@ucd.ie

build a collaborative AR ecosystem with multi-user interaction
to add value to education.

With the ongoing spread of Covid19 pandemic [4] affecting
working and learning models around the globe, the importance
and need of digital education becomes more relevant than
it was ever before. By targeting high technology readiness
level, ARETE will strengthen the European canvas of research,
industrial capacities and market acceptance for positioning it
as a leader across the globe.

The ARETE project aims to develop, integrate and dis-
seminate interactive technologies via AR methods and tools.
The creation of new technologies and the inter-connection of
existing digital systems will build a pan-European sustainable
competitive ecosystem. Thus, the ARETE ecosystem will
support fast dissemination of augmented learning content to a
wide audience, while strengthening the research and industrial
capacities in Europe to develop future interactive devices
for education, taking into account accessibility to a broader
community.

In this paper we present the work under progress since
the start of the ARETE project in November 2019 as well
its impact that is envisioned for the betterment of society,
economy and communities from research and industry.

11. PROJECT OBJECTIVES

The overall scope of the ARETE project is defined around
four main objectives as listed below:

o . ; : ; 283
AR G0 0f His RO HvehseineaR evsech DSl BAFYB0Ary 12,2024 at 10:54:00 UTC from IEEE Xplore. Restrictions apply

020,

Masneri, S., Dominguez, A., Wild, F., Pronk, J.,
Heintz, M., Tiede, J., Nistor, A., Chiazzese, G., &
Mangina, E. (2020). Work-in-progress-ARETE-
An Interactive Educational System using
Augmented Reality. /n 0. Economou, A. Klippel,
H. Dodds, A. Pena-Rios, M. J. W. Lee, D. Beck, J.
Pirker, A. Dengel, T. M. Peres, & J. Richter
(Eds.) 2020 éth International Conference of the
Immersive Learning Research Network (iL RNJ:
Conference Proceedings [pp. 283-286/.
http://doi.org/10.23918/iLRN47897.2020. 9155186
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ng the learning of new con-
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and effortless

Dominguez, A., Cabrero, A. Simées, B.,
Chiazzese, G., Farella, M., Arrigo, M., Seta, L.,
Chitfari, A., Tosto, C., Goer, S.L., Mangina, E. &
Masneri, S. (2023]. Collaborative Augmented
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International Conference on Interactive
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scientific data

Dataset of user interactions
across four large pilots on the use
of augmented reality in learning
experiences

Ana Dominguez(», Guillermo Pacho (3%, Lisa Bowers(?, Fridolin Wild (52, Sarah Alcock 2,
useppe Chiazzese(9? Mariella Farella®, Marco Arrigo(®?, David Ross*, RitaTreacy",
DaryaYegorina®, Eleni Mangina(®® & Stefano Masneri(’

Augmented Reality in education can support students in a wide range of cognitive tasks-fostering
understanding, remembering, applying, analysing, evaluating, and creating learning-relevant
information more easily. It can help keep up engagement, and it can render learning more fun. Within
the framework of a multi-year investigation encompassing primary and secondary schools across
Europe, the ARETE project developed several Augmented Reality applications, providing tools for
userinteraction and data collection in the education sector. The project developed innovative AR
learning technology and methodology, validating these in four comprehensive pilot studies, in total
involving more than 2,900 students and teachers. Each pilot made use of a different Augmented Reality
application covering specific subjects (English literacy skills, Mathematics and Geography, Po:
Behaviour, plus, additionally, an Augmented Reality authoring tool applied in a wide range of subjects).
In this paper, we introduce the datasets collected during the pilots, describe how the data enabled the
validation of the technology, and how the approach chosen could enhance existing augmented reality
applications in data exploration and modelling.

Background & Summa

By applying Augmented Reality (AR) technology in an education setting, new applications emerge which
can positively affect the process of teaching and learning for students in real-world situations' . Like all
technology-enhanced learning, AR in education creates data trails’ from which teachers and researchers can
glean insight into actual learner behaviour. For this, linking AR interactions with all Learning Analytics is para-
‘mount® for tracking and analysis, drawing from a variety of tools and approaches.

Most notably, up until recently, this typically would involve SCORM’, a set of technical standards
for e-learning products, which enable tracking of learners experiences at a rather high level. While the
SCORM-provided granularity was sufficient for decades, today, as demands rise for educational data mining,
data scientists and pedagogues are using machine learning techniques to analyse the learning experience, requir-
ing more fine-grain, more in-depth, and larger volumes of data.

‘The Experience Application Programming Interface (xAPI, https://github.com/adlnet/xAPI-Spec) is an open
e-learning specification, which allows recording nearly every type of learning activity. For example, it can track
which buttons the user clicks or how long the learner spent reading a page. In order to do that, it collects data on
the learner activity in real-time, storing it in an easy-to-read semantic string composed of three main constitu-
ents: actor, verb and object (for example, ‘Sally ‘played” ‘the instructional video).

Previously, the xAPI has already been used as a data collection system in AR, such as in ‘AugmaniaTM"*
which used learning activity data to display it as an interactive visualisation. It was also used in the area of

“Vicomtech Foundation, Basque Research and Technology Alliance (BRTA), Digital Media, San Sebastian, 20009,
Spain. “The Open University, Milton Keynes, MK7 6AA, United Kingdom. *Consiglio Nazionale delle Ricerche,
Palermo, 90146, Italy. “Words Worth Learning, Nenagh, E45 F827, Ireland. *Cleverbooks, Dublin, D15 DP2T, Ireland.
SUCD, Dublin, Dublin, 4, Ireland. "Computer Languages and Systems Department, University of the Basque Country

i UPV/EHU, San Sebastian, 20011, Spain. Ze-mail: adominguez@vicomtech.org

823 | https://doi.org/10.1038/541597-023-02743-6

Dominguez, A., Pacho, G., Bowers, L., Wild, F.,
Alcock, S., Chiazzese, G., Farella, M., Arrigo, M.,
Ross, D., Treacy, T., Yegorina, D., Mangina, E. &
Masneri, S. (2023). Dataset of user interactions
across four large pilots on the use of
augmented reality in learning experiences. 5S¢/
Data 10, 823 [2023). https:
//doi.org/10.1038/541597-023-02743-6
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