LAPYMA Co-funded by the

KPATIKQN

Lreree N Erasmus+ Programme

I KY of the European Union

’

Guide of Good Practice

for Policy Recommendation

EMPOWERING SPATIAL THINKING OF STUDENTS WITH VISUAL IMPAIRMENT



1E.

{’.

4 ¢ VISTE Guide of Good Practice
for Policy Recommendation

Dissemination Level Public
Version 1.0
Date 31/8/2019

Authors- Contributors

Marinos KAVOURAGProfessoi(NTUA) Anke BROCK Assisant Professo(ENAC)

Lauren THEVIN Postdoctoral Research@NRIA) Alex Bensenoussj Project Manage(INTRA)
Mihaela POPESCGt Head TeachefCCDG)Alina BOCA Teacher TraingfCCDC)
ElisabetaPINTILIE Special Education Teach&SDV,)Philippos KATSOUL{FHeadmaste(SESBA)
Edited by:

Philippos KATSOUL{FHeadmaste(SESBA)

Revised & eviewed by:

Maria BESERIANGdBpecial Technical Laboratory S{&NTUA)

1APY MA
KPATIKON ** %
YNOTPO®ION X

T'4'"4 IRl Erasmus+

Cofunded by the European U

The European Commission support for the production of this publication does not constitute
an endorsement of the contents, which reflects the views only of the authors, and the Commission

cannot be held responsible for any use, which may be made dhfbemation contained therein.

Empowering spatial thinking of students with visual impairment
20161-EL01KA201023731

2



Contact

Professor Marinos Kavouras

VISTE Project Leader

National Technical University of Athens
School of Rural and Surveying Engineering
9, Heroon Polytechniou Street

157 80 Zografos Campus

Athens, Greece
E-mail: mkav@mail.ntua.gr
http://visteproject.eu/

http://ontogeo.ntua.gr/

Empowering spatial thinking of students with visual impairment
20161-EL01KA201023731

3


mailto:mkav@mail.ntua.gr
http://visteproject.eu/
http://ontogeo.ntua.gr/

TABLE OF CONTENTS

ABSTRACT
1 INTRODUCTION

1.1 OVERVIEW OHSTIEPROJECT

1.2 GOAL OF THEBUIDE OIKSOODPRACTICE FERLICYRECOMMENDATION
2 INNOVATIVE ELEMENNIAGOOD PRACTICES

2.1 INNOVATIVELEMENTS

2.2 GOODPRACTICES

11

12

12
14

3 THE VISTE INCLUSBFRJCATION FRAMEWCORBR STUDENTS WITHUAL IMPAIRMENT

18

3.1 OVERVIEW

3.2 INVESTIGATINGESTATE OF THRRT ONSPATIATHINKING IIEEDUCATION CBTUDENTS WITWISUAL

IMPAIRMENT
3.21 Goals
3.2.2  Output

3.2.3 Lessons Learned
3.3 USERENEEDSNALYSIS

3.3.1 Goals

3.3.2  Output

3.3.3 Lessons Learned

3.4 EXPLORINBIEWCARTOGRAPHIES FJRDENTS WITSUALMPAIRMENT

3.4.1 Goals
3.4.2 Output
3.4.3 Lessons Learned
3.5 THEVISTIPEDAGOGICARAMEWORK
3.5.1 Goals
3.5.2 Output

3.5.3 Lessons Learned
4 THE AUGMENTED REAXLTDOLKIT

4.1 INTRODUCTION

4.2 THEHARDWARE ANBDFTWARBYSTEM

4.3 FUNCTIONALITFOHEAUGMENTEBREALITPROTOTYPE
4.4 BVALUATION

441 Method

Empowering spatial thinking of students with visual impairment

20161-ELOKA201023731
4

18

18
18
18
19
21
21
22
23
24
24
24
25
26
26
27
27

31

31
31
32
35
35



4.4.2 Results

4.5 FJURTHESTUDIES

4.6 |LESSONEEARNEDAUDIGTACTILE INTERACTTORITENT

4.6.1 Types of interactive feedback

46.1.1
4.6.1.2
46.1.3

Exploration
Quiz

Exploration mode used as quiz mode

4.6.2 Types of interactive zones

46.2.1
4.6.2.2

Shape

Line

4.6.3 Types of audio feedback

4.6.3.1
4.6.3.2
4.6.3.3

Textto-speech
Preregistered files
On the fly

4.6.4 Types of tactile content

46.4.1
4.6.4.2
4.6.4.3

Printed relief gaphics
Handmade tactile graphics

Other approaches

4.6.5 Creating content for auditactile systems

4.65.1
4.6.5.2
4.6.5.3

Interest in using the same AR tool for exploration and for authoring

Coloring
Offset

4.6.6 Using content

46.6.1
4.6.6.2
4.6.6.3
46.6.4
4.6.6.5

37
41
43
43
43
43
44
44
44
45
46
46
47
47
47
48
48
48
48
48
49
49
50

Differences in exploration behavior between sighted and visually impaired people50

Avoid overlapping zones to avoid switching between audio content

Multiple layers and amount of information can be implemented
Visual feedback

Discovering the interactive zones and tactile cues

4.6.7 Using the tool

46.7.1
46.7.2
46.7.3
46.7.4
46.7.5
46.7.6
46.7.7

Bimanual exploration

Keeping hands on thtactile medium
Audio caption on demand

Movable interactive content
Limiting interactive areas

Leaning arm

Particularity of classroom

4.6.8 Virtual reality interactive content

4.6.8.1
4.6.8.2
46.8.3

Audio in VR
Movement in VR

Visual Feedback

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

5

51
51
52
52
52
52
53
53
53
53
54
54
55
55
55
56



4.6.8.4 Use cases

4.6.9 Conclusion
5 THE VISTE PLATFORM

5.1 OVERVIEW
5.2 VISTERONTENDSERVICES
5.3 FUNCTIONAREQUIREMENTS
5.4 USAGECENARIOS
5.4.1  First Encounter with the VISTE community platform
5.4.2 User Access
5.4.3 Create and Share Educationalj€iis
5.4.4 Create and Share Learning Pathways
5.4.5 Create and Share VISTE Tools
5.4.6 Search for Edational Resources
5.46.1 Keyword based Search
5.4.6.2 Map-based Search
5.4.6.3 Graphbased Search
5.4.7 Search and Retrieve VISTE Tools
5.4.8 Open a Resource
5.4.9 View Resources and Tools

5.5 NONFUNCTIONAREQUIREMENTS
6 THE USE OF 3D MODBLSHE EDUCATION ®FUDENTS WITH VISUMABAIRMENT

6.1 3DPRINTERS
6.2 CNOGND3DCARVING

7 VISTE EDUCATIONAESERIOS

7.1 THESTRUCTURE OF MISTEEDUCATIONAL SCENARIOS
7.2 (CREATING ANMPLEMENTINEISTEDUCATIONAL SCENARIO
7.3 EXAMPLEA: SCENARIG ERCULESLABOURS IN THRELOPONNESHNTERDISCIPLINARY

7.4 EXAMPLIB:SCENARIO ATIAIEXPRESSICSIGART)
8 TRAINING AND DISSEMITION ACTIVITIES

8.1 JINTSTAFFTRAININGEVENTS

8.2 MULTIPLIERVENTS ANOTHERDISSEMINATIOACTIVITIES
9 VALIDATION
10 CONCLUSIONS AND Y RECOMMENDATION

10.1 PROJECT IMPACT

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

6

56
57

58

58
59
59
60
61
61
61
62
62
62
63
63
63
64
65
66
66

68

69
70

72

72
74
77
87

97

97
99

104

106

106



10.2 POLICYRECOMMENDATIONS 109

11 REFERENCES 111

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

7



ABSTRACT

Project VISTEEmpowering Spatial Thinking of Students with Visual Impairériess

been a Strategic Partnershipn school education, ctunded by the Erasmus+

programme of the European lbm (9/2016 ¢ 8/2019) under Key Action 2:

Cooperation for Innovation and Exchange of Good Practicdé S LINR 2SO0 Qa YA
has been to develop a methodological, semantic and teehnitfrastructure for

cultivating spatial thinking in inclusive educational environments; the main target

groups have been 115 year old studentsvith VEE & ¢Sttt & GSIF OKSN.

trainers, and other staff involved in their education.

The Guide of500d Practice for Policy Recommendation aims to briefly present the
project and its main outcomes, as well as to discuss benefits and recommendations
for further application, improvement and integration of project results in

educational policy and practice

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

8



1 INTRODUCTION

1.1 Overview of VISTE Project

Competence in spatial thinking, usage of maps or other spatial toolstisetb

evident for all; it is adexterity, which can be cultivated. Strengthening spatial

thinking in school education has been linkedptositive results, such as success in

STEM, promotion of innovation and mitigation of social inequalities. Forestsd

with visual impairment spatial thinking is, additionally, a critical compensatory

ability for functionally utilizing spatial experiericad LG OFy O2y G4 NARO dzi S
mobility, independence, academic progress, social integration and professional

development.

Spatial thinking can provide a basis for inclusive education, through-epded
problem solving tasks and scientific inquiry i@ities, which stimulate students'
interest and promote cooperation in the classroom, with multiple benefits for all
students. Tactile maps, as well as innovative spatial tools exploiting Information and

Communication Technologi€kCTs)can be valuableids in this direction.

Project VISTEO YLI2 6 SNAY 3 { LI GAFE ¢KAY(lAYy3 2F { {dzR¢
has been aStrategic Partnership in school education;fanded by the Erasmus+
programme of the European Union (9/2016 8/2019) under Key Action 2:

Coeration for Innovation and Exchange of Good Practices.

¢ KS LINE 2 S (Gas Qeen t dreaté A thegfhodological, semantic and technical

infrastructure for cultivating spatial thinking in inclusive educational environments.
The objectiveof the projecthave been:

6 to address theneeds of school students with visual impairmery
strengthening their spatial skills, and
o to cultivate these skills through cooperative activities with sighted students,
SO0 as to enhanceintegration of students with visual ingirment in
mainstream education.
¢KS LINR2SO0Qa e Acfool sthdedsq 15 yaaxsRottd), Xeachers,
GSFOKSNARQ GNIXYAYSNAB YR 20KSNJ LINRPFSaarazyl fa
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The project consortiunconsists offive partners from foulEuropean counies:the
National Technical University of AthersNTUA (Coordinator, Greece), Institut
National de Recherche en Informatique et en AutomatiqudNRIA (France),
INTRASOFT SA (Luxembout)TRA Casa Corpului Didactic Gl@gCDERomania),
Eidiko Dimako Sxolio Tiflon Kallithe&pecial Elementary School for the Blind in
Athens- SESBAGreece) and Liceul Special pentru Deficienti de VedereN@jupca
LSDY(Romania). Its members (a university, a research institute, a software company,
I G S OdinbigNEeatre, (a Nofimary and a secondary school for the visually
impaired) brought in different areas of expertise; meanwhile, the project has also
benefited from additional cepperation with several other organizations active in

relevant fields.
Fourintellectual outputshave been producetly the partnership:

1. An innovative inclusive educational framework for empowering spatial thinking
of students with visual impairmenthas been researched, formulated,
implemented and validated

2. Educational spatial thinkj components were dégned, implemented and
validated They include educational scenarios which address a range of scientific
fields, classes and curricula and utilize open learning taold educational
resources

3. An innovative ICT toolkit, to assistettwork of educators, has been designed,
implemented and validated. Its first pillar is the wbhsed VISTE Community of
users (platform), which allows teachers to share open educational resources
developed in the project and cooperatively develop new ofldse second pillar
is anAugmented Reality (ARpolkit, which visually impairedusers can use to
explore tactile maps with complementary audio information, to receive
guidance to construct their own maps, or to explore tactile material in a quiz
mode. Tle prototype was extendetb also enable teachers of visually impaired
students to create their own auditactile material.Additionally, a virtual reality
(VR)toolkit has been designed and validated, which can be used as a street

simulator to trainvisualy impairedstudents in orientation and mobility lessons.

Empowering spatial thinking of students with visual impairment
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4. The presentGuide of Good practice for Policy Recommendationhas been
compiled on the basis othe experience gained during the project.
Furthermoretwo joint staff training eventshave provided ¢achers of students with
visual impairment the opportunity to enhance their knowledge and skills &nd
develop common resources, as well as to receive training on integratMgand 3D

printing in their educational practice.

Finally, twelve multiplier events and a variety of dissemination activitiesave

diffused project results to wider audiences.

The project has won aaward of excellenceat the Edumanager.ro Gala forum in
Romania. It has receivedwaarm reception by the 175 school studen{scluding 85
students with visual impairment) directly involved in its educational activities. It has
equipped hundreds of education professionals with skills and motivatitmserve

the needs of their students using the VISTE approach, wielpotential for further
impact existsvia the online community, the open access of intellectual outputs and
0KS | OGAGAGASA Prject résBlis DakeSoldn Qominikicakey B M ®

research communityia publications and presentations at major conferences.

1.2 Goalof the Guide of Good Practider Policy Recommendation

The goabf this Guide is to briefly present the project and its main outcomes, as well
as discuss benefits and recommendations for further application, improvement, and

integration of the project rests in educational policies and practices.

Following this introductory chapter, chapter 2 outlines tipeincipal innovative

elementsintroduced bythe project and thanain good pratices implemented

From Chapters3 onwards, the Guiddriefly presatsthe LIN2 2 SO0 QeesuksO G A A (0 A |
and lessons learnedor further informationthe interested reader magonsultthe
O2NNBalLR2yRAYy3I RSEADGSNI OGS NBLR2NIasx | dFAflo
and the Erasmus+ project results platform.

Finally, the oncluding chapter sums up the achievements of the project and

presens policy recommendations for further empowering the spatial thinking of

students with visual impairm.
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2 INNOVATIVE ELEMEANDGOOD PRACTICES

2.1 Innovative Elements

The Inclusive Educatinal Framework and Educational Componentsfor
Empowering Spatial Thinking of Studenwith Visual Impairment In the last few
decades, as the importance of @& thinking for people with visual impairmehgs

been acknowledged, several relategsearch &orts have been made/hereas such
efforts haveshapedthe VISTE approactheir focus has been mainly @patial/map
cognition amonguserswith visual impairmentand/or developing accessible map
interfaces. By contrast, VISTE has focused on developingeggrated educational
framework and specific educational components, which encompass innovative
assistive technologies to cultivate spatial skill41Al5 year old students with visual
impairment across national curricula, school subje@sd grade legls and can be
applied in inclusive education settings. In this respect, VISTE is closely related to the
recent project GEOTHNKoF dzy RSR 068 G(GKS 9dzZNRLISIYy | yA2y(
Programme andatoordinatedby NTUAwhich sought to develop an interdiscipdiry
semantic framework for the development of new learning pathways enhancing
spatial skillsin students. VISTE has beboth innovative and complementary to
GEOTHNHKpcusing onstudentswith visual impairment expanding the list of key
spatial thinkingconcepts in relation to the needs of this group and developing
methodologies, resorces, and tools to cultivaté (i dZRSy G aQ &aLJI GAFEf aflAf
education settings. The project has begeed innovative, thanks to the choice of
such a challenging tap and to the meansxploredand used in order to tad& it in

the classroomlinnovationalso liesin the developedtechnical solutions in order to
better explain spatial thinking concepts, namely, the use of 3D printing, as well as
the combination of tradional tactile images with image projection and soundtracks,

when using the VISTE toolkit.

The VISTE User CommuniBlatform: The VISTECommunity was created as a
GEOTHNK subcommunity focusing on the needduafents with visual impairment
and designedo as to beudlly accessibléy visually impaired userdt is integrated in

GEOTHNK, as well as the Open Discovery Space platform, and also makes use of the

Empowering spatial thinking of students with visual impairment
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Inspiring Science Education community resources, developed in different projects,

thereby maximizig synergies and promoting VE3ustainability and appeal.

The Augmented Reality Toolkitin the past four decades, several variants of
interactive maps fousers with visual impairmeritave been designed. However, the
existing prototypes have severamitations. First, most of them allowsersto
explore existing maps onlWISTEprototype goes beyond thjsby providing a
construction modewhich allowsusers with visual impairmerto construct their own
maps and other spatial representations, and a guimde which supports lucid
exploration. Second, creating the content for those interactivapsiusing existing
prototypes can becumbersome as it requires knowledge in vector drawing
software. Therefore, teachers often struggle to create content for thesaps.
However, VISTEprototype allows teachers of studentsith visual impairmentto
easily draw their own maps or augment existing ones. Third, many of these
prototypes have been designed and evaluated in the laboratory. On the contrary,
VISTEfollowed a usercentered design approachby working closely with local

schools for visually impaired people.

The Virtual Reality prototypeWhile Virtual Reality has become mainstream in the
past years, not much has been done to makeaccessible to visually impad
people. Our work is a contribution towards the accessibility of Virtual Reality fo
people with visual impairmentTo our knowledgeVISTE ishe first to propose a
virtual street simulator for Orientation and Mobilityraining of visually impaired
people. This has been also validated by users and it is very easy to implement with

minimum technical support by the schaalachers themselves.

Finally, he present Guideof Good Practice for Policy Recommendation intends to
transfer and disseminatehe p2 2 S 00 Qa | OO# ¥nhdinding Kspaday G a
thinking of studentswith visual impairmentas well as imtegrating this transversal

skill into various subjects and grade levels through collaborative learning activities of

visually impairednd sighted stdents.

Empowering spatial thinking of students with visual impairment
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2.2 Good Practices

Focus on Inclusive Education and Trainifddne project has primarily addressedeth
Erasmus+ horizontal prioritynclusive Education, Training and YouttWe expected

the project to have a major impact in this area and we believe thatid. The
strategies, tools, components developed and the preggaide of Good Practice for
Policy Rcommendation can play a major role in making education more inclusive for
a group of students who usually have much fewer opportunities than their sighte
peers. Spatial thinking is largely perceived and explained by means of visual
elements, which, in the case of our target group are less present, or totally lacking;
this means that, for each teaching situation, teachers have developed strategies and
materials especially designed in order to be inclusive and explanatory for children
and teenagers with little or no sight. Moreover, all the analysis, reports, educational
components, tools, lesson scenarios and the guide of good practice will continue to
make a difference in the way many school subjects are taught in inclusive

classrooms.

Training has also represented a key element in this project; the teachers involved in
the project (including teachers with visual impairment), had the possibility to learn
and test tools together twice, first in Romania and then in Greece. They applied the
solutions identified in the analysis reports, they learned significantly from their
colleagues and their teaching activitieand shared valuable knowledge and
experience. Aarger number of teachersas well asother professionals involved in
education, policy makers, and students in education also had the opportunity to
develop their knowledge and skills, via multiplier events and dissemination activities,
or the implementéion of the VISTE approach in integrated classrooiie open
access of project outputs ensures that such educational benefits will continue after

project completion.

Finally, the accessibility of all products developed in the project (website, platform,

tools, etc) has been a priority.

Empowering Spatial Thinkingt KS LINR 2S00 Qa F20dza 2y SYLR g S

has served the Horizontal Priority to Improve Achievement in Relevant and High

Empowering spatial thinking of students with visual impairment
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level Basic and Transversal Competences in a Lifelong Learnispge®ee, for

students (mainly 1415 years old) and professionals involved in their education.

Spatial thinking is a higlevel basic, crosdisciplinary and transversal competence. It
uses the properties of space as a means for structuring problemsingeakswers,

and formulating possible solutions associated with space in science, in the workplace
and in everyday life. It is also essential to tfraental toolbox of an educated
citizen for spatial management and decision makiAg. mentioned previously
enhancing spatial thinking in education has been assodiatéh various positive
impacts guccess in STEM and other ecutum subjectssatisfaction of labor market
needs, promotion of innovationand dissipationof social inequality For students

with any kind or extent of Vispatial thinking is additionally a critical compensatory
skill, which can greatlypenefit their mobility, independence, academic progress,

integration in society and futurprofessional prospects

Therefore, enhancing spatial ttking in inclusive education settings, through open
problem-solving and scientific inquiry educational activities, carries multiple benefits

for all students.

VISTE project has introduced innovative educational practices to empower visually
impaired studems with spatial skills and to support collaborative learning of spatial
skills both for sighted and visually impaired studert$as also enhanced trability

of educatorgo serve this goal, by providing relevant methodologies, resounoesds

and recanmendations, as well ggractical training.

Open and Innovative Education and TrainingtSTE project is also highly related to
the Open and Innovative Education, Training and Youth Work, Embedded in the
Digital Era Horizontal Priority. It has fosteredl@obration to develop, implement

and validate innovative approaches to the challenge of empowering spatial thinking
in students with visual impairment, including the development, refinementd

validation of an ICT toolkit, comprising two components.

Thefirst is VISTE open access commuaityl platform which allows the use and

collaborative development of educational resources for enhancing spatial thinking in

Empowering spatial thinking of students with visual impairment
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students with visual impairment. Educational resources developed during the project
have been ploaded to the platform and will continue to be openly availabis.
stated previously VISTE community has been integrated in wideus educational

platforms (GEOTHNK and Open Discovery Space) to maximize synergies.

The second component has been the MESaugmented reality toolkit, which
supports the implementation of relevant educational scenarios in inclusive

classrooms.

Furthermore, training activities implemented during the project have addressed the
important challengeof teacher§¥amiliarization vith useful technological resources
such as digital platforms, augmented and virtual reality applications, 3D scanners

and printers, etc.

Integrated Approach and Solid Management Methodologhy addition to the above
good practices addressing Erasmus+ zZwntal priorities, we believe that the

following characteistics of the project havlelped maximize its impact.

6 Collaboration of experts from different background®artners from various
European countries and scientific disciplines, with significantesige in
their particular field, have collaborated in the adfies leading to the
productionof VISTE intellectual outputs.

o Building on past achievementsThe consortium has capitalized on past
experience, most notably that of the GEOTHNK project whashpihoduced a
framework to enhance geospatial thinking in education. Furthermore, project
design has followed a carefully designed sbspstep approach, in which
each activity implemented has provided input/feedback to other activities.

6 Integrated approah: The project has started by researching and formulating
an educational framework, from which all specific educational components
and tools produced in the projechave emanatal, to ensure their
integration. Furthermore, the outputs developed encouragedasupport
interdisciplinary approaches and semantic associations between spatial

concepts.

Empowering spatial thinking of students with visual impairment
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LYO2NLI2 NI GAYy 3 dza SThE Qeedy SfStéudhershand theB a A Iy Y
students have been assessed and have beairem$ed in formulating/ISTE

intellectual ouputs. Furthermore, teacherg(users) have been actively

involved in developing, implementing, disseminating and evaluating the

LINE 2S00 Q& 2 dzi Lidzi a @

Validation: The intellectual outputs developed have been implemented and
evaluated in the classroom, both ipecial education and inclusive education

settings.

Solid project design and management methodologgareful projectdesign

as well as distinct plans developed for management, quality
assurance/control, risk management, implementation, validation,
dissemingion and exploitation of outputs h&e K St LISR | OKAS@S GKS
objectives and ensure the lorgrm effectiveness and sustainability of

results.

Empowering spatial thinking of students with visual impairment
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3 THE VISTE INCLUSBEFEJCATION FRAMEWCORBR STUDENTS
WITH VISUAL IMPAIRNE

3.1 Overview

The first major ingllectual output produced by the project has been the VISTE
Inclusive Education Framework for Studemiith Visual Impairment. The framework
introduces essential strategies for the development of an innovative teaching
approach towards effective spatialittking for students with visual impairmemnd

lead them to inclusion for accessing mainstream schools.

The following four steps have been completed in this context and are briefly

presented in this section: a) a Stawéthe-Art Report on spatial thinkingn the

F2NX¥IE SRdzOFGA2Yy 2F &addzRRSyta oAOGK @QAadzt |
Exploration of New Cartographies for Users with Visual Impairment; d) the VISTE

pedagogical framework.

3.2 Investigatingthe State of the Art on Spatial Thinking in Eddion
of Students with Visual Impairment
3.2.1 Goals
A necessary first step has been to evaluate the current situation with regard to
cultivating spatial thinking in students with visual impairment in formal education

settings, at primary and secondary schanidls.

Thegoalsof the activity have been:

6 To explore what has been put thus far in practice in education regarding
spatial thinking of students with visual imip@ent, in Europe and worldwide;
o To provide answergroposals on how to further develop st8dy G a4 Q & LJ G A | f
skills in formal educational contexts in the VISTE project.
3.2.2 Output
A State-of-the-Art-Report provided an overview of the current situation in the
education of students with visual impairment in different European countries, as

well as in otler continents. It included more detailed insights into current practices

Empowering spatial thinking of students with visual impairment
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in Greece and Romania, where the two schools participating in the project

partnership are based.

Furthermore, the report addressed the education of students with visual impairment
regarding spatial thinking. It surveyed specific relevant education activities
implemented according to the core curriculum: training in orientation and mobility,
sensory awareness, independent movement, spatial concept development,
echolocation, use of tai¢ maps, mathematics and geometry. It also presented
additional material developed/used by LSDV (examples in figurés FEinally,

proposals for enhancingurrent educational practices througthe project were

formulated.

3.2.3 Lessons Learned

Spatial thinkirg is crucialin helping students with visual impairment understand
concepts, reason about formal and intangible entities, become independent in
orientation and mobility through space, create connections and make value

judgments.

There is an urgent eed for trained teachers to help students with visual
impairment in inclusive education settings develthe abilities necessary to face
relevant educational challenges in various school subjects and at various grade

levels.

The process of inclusion ia its infancyin both Greece and Romania, while it is a bit
more advanced in France. Erasmus+ projects can provide valuable resources to
support the development of appropriate methods, tools and instruments, as well as

to train teachers and other staff involved éaucation.

Students with visual impairment need an educational system which meets the
individual needs of all students and fosters independenddey are capable of cognitive
learning in an inclusive education system and are of good learning results.pAgi@o
teaching methods, materials, tools and instruments make a differemoeducational
systems and settings whewsion has been the primary basis upon which most traditional

education strategies have been based.

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

19



AAAAAAA
LLLLLL

MIZ;R_“'# ME:‘;V*'\

X3
ALIOTHvremsg noua.;
* Sg,. MERA
ALKAID SRR
I [

R S R |

About »

F((C SAECKCEEREEEEE

Figures 14. Examples of goodractices in curriculum materials used bg$DYClujNapoca, to

enhance spatial thinking of students with visual impairm@rbm the VISTE Staté-the-Art report).

Figues1,20 LYy GKS a{1e Ay @2dzNJ KI yRa¢ LINP&&@iI>X G(KS ! &dN.
(2016) developed tactile representations to make the sky and the constellations accessible for the

visually impaired population.

Figure 3 A tourist guide of the city of CHjapoca for visually impaired and blind visitors was created

Ay GKS A®NG 3 MIaEt £2014) by the Babilon Travel Association (NGO), LSDV and the City

Hall of Clug, Napoca. The Guide includes adapted images (tactile, large print) and descriptions (audio

YLIoX . NIXAffS FyR fFINHS LINAyidov 2F GKS OAdGeQa vyzaid AY
Fgure 4 The GEOTHNK communmatformz. The GEOTHNK project (2€ARBL5), cefunded by the

Lifelong Learning Programme of the European Union and coordinated by the NTUA, aimed at

enhancing spatial thinking through innovative ICTs, an open, collaborativ@onal environment

and a methodological approach, which allows the interdisciplinary organization and semantic linkage

of knowledge. LSDV, in collaboration with CCDC, identified the impact of the project on students with

visual impairment by developirlgarning scenarios and activities. Students with visual impairment

and their Geography teachers traveled a route using a GPS guide for directions and distance. This

approach helped the students use interdisciplinary knowledge and apply it in their daiifies.

Students with visual impairment are most likely to succeed in educational systems
where appropriate instruction and services are provided in a full array of program

options by qualified staff to address each student's unique educational needs.

! https://english.babilontravel.ro/projects/terramirabilistourist-tracksfor-visuallyimpairedyoung
people/
% https://portal.opendiscoveryspace.eu/sr/community/geothirdommunity 400866
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Generally speaking, children with visual impairment across Europe are confronted
with the same problems and the necessity for resourdesfulfill their needsin the
learning process, even when in special schools, or benefit from the services offered
by an inclusive education system. In both situations, they can have difficulties
concerning personal autonomy, selbnfidence, social integration, understanding
new and abstract concepts and in developing clear representations of the

environment.

All partners involved in the project have identified the potential for project
activities to empower children with visual impairment to gain independency and
autonomy in daily living skills and to address the need for ICT tools and new
educational methods so that dbren from inclusive education systems feel
confident, use modern tools to understand abstract concepts and develop spatial

thinking.

33! aSNEQ bSSRa !'yIfeaAra

3.3.1 Goals
Understanding the needs of education professionals and their students is a
necessary conditiofior developing an appropriate educational framework, specific
educational components and supporting tools. In the VISTE project, a series of user
needs analysis workshops were organiztad elicit these needs from teachers of

visually impaired studentspsas to enlighten and gugdfurther project activities.
The goals of the activity were:

o To obtain insights from teachers with regard $patial thinking skillsof
students with visual impairment: which skills are necessary for better
inclusion, which ong students lack, how these can be acquired through
formal learning settings, which spatial concept students with visual
impairment understand and how they grasp them;

6 To obtain insights from teachers draching practicesn terms of spatial
thinking of sudents with visual impairmentontent, structure, grade levels,

instructional techniques, resources;
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6 To have teachers of students with visual impairmerste the GEOTHNK
educational platform andbtain their suggestions for addressing the needs
of teachingspatial thinking skills to students with visual impairmeni the
VISTE communitplatform to be developed in VISTE projecew concepts

tools, resources, etc.

Figure 5Preworkshop at NTUA. Project team members from NTUA and SESBA reviewindtthe dra
' AaSNAQ bSSRa !ylrfeara vdzsSaiAz2yyl ANSE RS@St2LISR o0& [/

3.3.2 Output
A series ofworkshops were organized; two in Athens, Greece, organized by NTUA
and SESBA and two in @igpoca, Romania, organized by CCDC and LSDV. A total of
50 VBTE usersj.e. educators of school students with visual impairment,

participated.

A collaborative research design procegss followed This made it possible to take
advantage of the different areas of expertise available among project partners. It
also exsured that the methodology would be appropriate for teachers at both
countries and of both elementary and secondary school levEfe workshops
adopted a commonly agreed methodology and structurEhe agenda included
slideshow prsentations, group actities on spatial thinking concepts relevant to

students with vsual impairment and individu@ 2 YLJX SGA 2y 2F |y 2yf Ay S
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analysis questionnairedeveloped for this projectand translated in Greek and

Romanian

Figure7 (left). | & S NB& GanayySsSvBriéshop organised by CCDC and LSDV
Figure8 (right). wS & 2 dzZNOS&a dzaSR F2NJ G KS dzaSNEQ ySSRa lylfeara

P s
S ¢ Semantic Pathways For Building
& T H / NK A Spatially-Thinking

Expiore Inspiring Scence Education (ISE) >>>

51’6,» VISTE Users' Needs Analysis Workshops
WP ST (Greece) i

1t B lin[e]

Figure9 (left).! a SNE Q y SSRa latyWFUARwiHtRe partRipalioa éf dchers from

SESBA

Fgurel1O(right).¢ KS O2YYdzyAi& F2NJ GKS be¢!! +L{¢9 dzZaSNBRQ ySSF
GEOTHNDS platform

¢tKS FTOUA@GAGE YR AGa 2dz2i02YSa NS R20dzyYSyi
Analysis Report.
3.3.3 Lessons Learned
The VISTE us€s Yy Zusalsis workshops were successful in producing results to
meet thegoals of this activity.
Results includd: a list of spatial thinking skillswhich teachers consider important

for schoolinclusion ofstudents with visual impairmentinsights oneducatioral
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practices of teaching spatial thinking skills tstudents with visual impairment
(curriculum subjects, grade levefsoblems confonted, methods and means used);
0§SF OKSNARQ LkdBcatisndbigdlSglavantrtd Bidatial thinkingskills of
studerts with visualimpairment, including ICT tools. These were evaluated and
utilized by the experts developing VISTE intellectual outputs, including the VISTE
pedagogical framework.

TSI OKSNE Q & debi $hanilaohehispaiiaPehidcepts useful for stlents

with visual impairmentwere elicited; following evaluation, these were semantically
linked to other concepts, translated in the consortium languages, sonified,
integrated in the VISTE platform and provided a basis for educational activities
implementd in the project.

Finally, ideas and primary material for the development of VISTE educational

moduleswere produced

3.4 Exploring New Cartographies f@tudentswith Visual Impairment

3.4.1 Goals
New forms of cartographic development and ragaking for communicatg
geospatial and thematic information in a variety of ways accessible to students with

visual impairment have been explored.
The objectives of the activity were:

6 to explore new technological means and new cartographic variables in a
multi-sensory apprach to account for recent developments in magaking
styles and techniques for persons with visual impairment
o to inform other project activities involving the use of mapg(elevelopment
of the pedagogical framework, educational components, augmenteditye
toolkit).
3.4.2 Output
The New Cartographies for th&tudents with Visual Impairmeneport reviews
research progress focusing on two axes: technological advances and cartographic

prindples. The first section focusesn a technologyoriented review of exting
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literature on accessible interactive maps until the start of the VISTE project. The
second sectiofnas focusedn established cartographic principles and new methods
that may provide for a multimodal representation of geographic information
especialf in inclusive settings. lalso outlines new initiatives and projects for
providing geospatial information to users with visual impairments based on

Volunteeed Geographic Informatian

3.4.3 Lessons Learned
Maps constitute an invaluable todlor people with visial impairment both for their

mobility and orientation but also for their education in other coess

Tactile mapshave been traditionally used by educatdiar years;however, they

present important shortcomings, both for tactile mapmakers and users.

Technological advances have shifted the fofrosn tactile maps to interactive maps
integrating multiple sensory modalities. This shift of focus presents a challenge and
an opportunity to integrate research from different fields such as huoamputer

interaction, cartography, auditory display and information design.

Two families of interactive mapshat differ according to the presence or absence of
a physical representation of the magan beidentified (Ducasse et al., 2018igital
interactive mapsrely on a digital representation of the map only. Hybimderadive
mapsrely on both digital and physical representations of the ma@pese different

devices come with advantages and shortcomings.

Interactive raisedLine maps have a high usabiyi and are row being used in
specialized centers.They necessitate printing raisedine maps in advance
Refreshable displays supposedly provide an alternative; however, they are not yet

available with a sufficient resolution at affordable cost.

Tangible naps have na been extensively studied so far. With the spreading of 3D
printers and lowcost prototyping thes devices can b&urther addressed as they
provide an appropriate setup to explore and manipulate spatial data without vision,

especially in collaboration i other sighted or norsighted users.
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A fundamental cartographic principlevhich should underlie the development of
mapsis that wsers should be db to effectively interpret theconceptualizationof

reality presentedhowever, this depends on theneeds ad backgrounaf the user.

The creation of new mapscan benefit from existing approaches for the
standardization of the format, {eut, and symbology of map#e incorporationof
validated sets of symbols, as well escommendatios regarding minimal and
optimal elevations for tactile maps, identification of linear symbols and

discriminability of point and line symbols (Jehoel, 2007).

The multimodal presentation of informatiorprovides a means to substitute vision

and increase the range of informationibg represented. Inclusive settings can also
benefit from the integration of multiple sensory modalities. Symbols for multi
sensory maps may be developed using a combination of variables: visual, haptic, and
sound. Cartographic principles on symbol desard the suitability of certain
variables to represent specific types of geospatial information may also be extended

beyond vision to other modalities as well.

Maps shouldbe designed for universal legibility and provide for the needs of users
with color vision impairments.Soecialized tools assist the cartographer in selecting
and verifying appropriate color schemes. Interactive maps may further assist users

with color vision impairments with the use of labels.

Thematic maps for users with visual impairmés are scarceAlthough these types
of maps are not necessary for everyday mobility, they may provide valuable

knowledge on the world and further explicate geographic entities and phenomena.

3.5 The VISTE Pedagogical Framework

3.5.1 Goals
The VISTE Pedagogical Feamark underlies all activities of the VISTE project to
empower spatial thinking of students with visual impairment. The main target
groups addressed are students of upper primary and secondary educatieb5(11

years old), as well as teachers and otherfstafolved n their education.

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

26



The goals of the activity have been:

6 To develop a conceptual base of strategies and tools for encouraging spatial
thinking in students with visual impairment

6 To identify and document specific instructional planning strategfer
developing spatial thinking

6 To support school professionals to implement educational activities which
enable spatial thinking, taking into account the specific challenges of visual
impairment

6 To outline best assessment strategies to enhance spéiiaking for students
with visual impairment

6 To identify ways to encourage visually impaired students to use their spatial

thinking abilities in different contexts.

3.5.2 Output
The VISTE Pedagogi€ahmework repadr, discusses the reasons asttategiesfor
teadching spatial thinking, the role afrientation and mobility instructionthe spatial
thinking building blocks(concepts, representation tools and reasoning toasy
K2g (0KS&aS Oly 0S | Re2dzaidSR I dioadifeadhd G2 (KSE
to the proposal of an inclusive education framework based on distinct pedagogical
principles, an inquipased learning framework and integrating innovative
technologies.The pedagogical framework formulatedilizesii KS NX adz §a 2F d
needs analysigrossaits the boundaries between special education and mainstream
learning settings,and recognizes the diversity of personal learning styles and

behaviors in different contexts and applications.

3.5.3 Lessons Learned
Six pedagogical principlexonstitute the pillarsof the VISTE approacfihese are
presented inTable 1
Past experience indicates th&tquiry-Based Learningrameworkis wellsuited to
fostering spatial thinking in educational settings. In Incudased Learning, learners
work together to solve problemsather than receive direcinstructions from the

teacher; the teacher functions as a facilitator helping students in the process of
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discovering knowledge themselvdaquiry-Based Learning often involves the use of
digital tools.

Teaching strategies mospopular among teachers of students with visual
AYLI ANXY¥SyGsS | O0O2NRAY3I G2 GKS dzaSasEHQ Yy SSR3
learning in an inclusive education environmensing real objects(to conduct an
experiments, to formulate an arguments, etclearning by doing (fieldwork,
experiential learning, lab experiments, research projectanultisensory
manipulation of objects representative of their category (3D models, tactile graphs,
etc).

Inclusion can be facilitated daptations of the environment ad the educational
materials depending on the degree of functional vision, the effects of additional
disabilities and the task to be done: changing distance, size, contrast, illumination,

time; conversion tdBraille conformancewith accessibility standasj etc
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VISTE Pedagogical Principles

1. Intuitive learning Any process of knowledge is based on perception, and students
intuitive support in understanding and assimilating new knowledge / informat
especially regarding spatial concepts. Ititn plays a compensatory role in students w
visual impairment, creating active mental images / representations with which to ope
at a conceptual level.

2. Active participation Visually impaired students should evolve from being the subjec
learning to the subject of their own formation and their own development process is b
on their intellectual and physical activity. Students can overcome specific difficulti
acquiring spatial concepts by actively participating in spdoi§icuctioral activities.

3. Accessibility:A rich material base must cover all relevant aspects from the instruc
plans in an accessible way with emphasis on conveying information in alternative, ac
modalities, overcoming difficulties raised by visual impaints. Furthermore, teachini
materials should always establish the correlation between simple and complex, know
unknown, particular and general, concrete and abstract.

4. Unique students with unigue needsEvery visually impaired student has unigt
interests, abilities, character traits, motivations and learning needs. Furthermore, the
AY 6KAOK GKS&aS addzRSyida aasSsSé GKS ¢2N
which differs substantially from one child to another. Teaching stiategiust take into
account all individual particularities in order to develop effective spatial thinking abilitie
5. Diversity:Educational activities must cover a wide range of instructional strategies
should be designed to take into account théveatsity of student to whom they ar:
addressed. Providing alternative ways to explore a particular subject based on indi
strengths and prior achievements enable visually impaired students to grasp
knowledge, including spatial concepts effectively

6. Access and ParticipatiorAll visually impaired students must be included in adap
instructional activities in order to fulfill their educational needs. Spatial related notions
abilities should be taught keeping in mind that all students cs their residual vision o
other compensatory techniques in order to reach adequate levels of cognitive oper
with spatial concepts.

Table 1.The pedagogical principles underlying the VISTE approach

Additional adaptations/tools proposed by teachdrslude using3D models and

graphs (by far the most popular answerlusing semantic networksor maps to

connect an idea to related idealreaking tasks into subtaské 2 | RRNB 4 &

attention and working memory capacity.

To support inquinbased leaning, t has beenproposed that teacher and learner

activities be describedn VISTE educational scenaricgs an iterative process
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consisting ofdistinct phases O 2 y & (i Apledzisi =3 AIA & A Gtépa inf R G DA & A
breaking down thdearning procss nto subtasks

Computing technologiexan make a learning environment more learuentered,

motivate studens, K St LJ S OKSNA | RR A&INhéedsaiddeEh&iy 6§ 4 Q RA
inquiry-based learningFor inclusive education, these of technology isine qua

non; it can help students with visual impairment expand their knowledge, develop

new skillsjnteractwith other students andeachers thusleadng themto successful

inclusion.
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4 THE AUGMENTED REALTOOLKIT

4.1 Introduction

The Augmented Reality (ARBrototype serves two purposesFirst, it is a research
prototype and as such serves the goal to explore possible technical solutions for
making geographic information accessible to visually impaired people. Second, it has
been developed using a particimay design approach in close collaboration with
special education centers. The goal therefore is also to develop a prototype that can

potentially be used in special education scenarios.

The augmented reality toolkit is based on an existing spatial augmehteality
framework PapARtLaviole & Hachet, 2012), previously developed by the partner
team at INRIA Bordeaux and commercialized by the company Reality Teuh
system provides different ways to interact with it: tangible interaction using physical
objects, touchbased interaction, and spatial interaction (Chatain et al., 2015). The
VISTE Toolkit has been designed using a participatory design approach that
interconnects the educational framework and the technological development. This
approach ensures # ongoing identification, update, and integration of multi
perspective and muHuser requirements and guarantees the development of an

effective and easy to use Toolkit that also meets the needs of the target groups.

4.2 The Hardware and Software System

PapARt is composed of a computer, a projector, a camamd loud speakers (see
Figure 10. Several versions of the hardware have béeiit. The latest version uses

an ASUS P3B short throw 720p projector, and an Orbbec ASTRA camera (combining
depth and color amera). The computer was custom built with an Intel core i3CPU
and 8Gb of RAM. This version can be transported easily since it can be disassembled

into several pieces.

PapARt relies on open source components: ArtoolkitPlus for tracking, ProCamCalib for

projector and camera calibration, and Processing for developing applications. It

8 http://rea.lity.tech/
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proposes full calibration for projector, color camera and depth camera. Its focus is on
prototyping applications for tabletop spatial augmented reality with a dedicated pre
calirated hardware. The software is implemented as a Processing library that
abstracts hardware and enables the creation of "paper touch screens". The system
tracks visual markeron paper sheets (see Figure &0d projects on this sheet. Using

the depth camea, the system detects fingers and objects alike and tracks them over
time on and above (5mm) the surface. A previous version of the PapArt system can be

seen in Figurédl.

Figurell. PapARt hardware

4.3 Functionality of the Augmented Reality Prototype

The gstem augments existing tactile O&M tools such as ralsed maps and
magnet boards, by adding audio feedback to map elements. It also adds visual
feedback in the form of projection for the benefit of low vision users. Three modes
have been implemented fothe prototype: Exploration Mode, Construction Mode
and Quiz mode (AlbouyRerrois et al., 2018; Thevin & Brock, 2018).

Exploration Mode
In exploration mode our prototype enables visually impaired students to explore

existing maps by combining raiséde maps with audio outt and projection (see

Figure P). Users explore the tactile map with both hands as they are accustomed to.
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Complementary visual information is projected on the raiiad map, for the
benefit of low vision students. Students cant@b an audio description by simply

pointing to a tactile element with one finger and pressing a key on the keyboard.

Figurel2. Exploration Mode: a raiselihe map is augmented with projection and audio feedback

Construction Mode

In construction mode the prototype enables visually impaired users to construct
maps or itineraries themselves by combining magnet boards with audio output and
projection. O&M instructors developed a stéyy-step learning scenario, and our
augmented reality prototype followshis scenario to provide instruction to the
students. Starting from elements placed by the teacher, the system prompts the
student to place a point of interest or a road on the map in relation to tretaeting

elements (see Figure3)
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Figurel3. Consruction Mode: augmenting a magnet board with projection and audio feedback. Wikki
Stix are used to represent livslementsand magnets with foam paper to represent points of interest

The student then places elements on the map: magnets with foam papdfofats
of Interest (PIg, and Wikki Stix for road elements. For POls, the user may verify
whether an element is placed correctly using the same interaction as in exploration
mode, i.e. by pointing to an element and pressing a key to hear an audiomtestri
If the element is not in the right place according to the scenario, then the system

provides corrective directions (left/right/top/down).

For line elements, the "verification mode" was more challenging to design, and to
our knowledge no prior studyas investigated this. We designed an interaction
technique, in which the student points of the start position of the line with one
finger. He or she then follows the line by sliding the finger along the WikkiStix. As
long as the line is correctly placealbeep sound is played. When the finger touches
a portion of the line which is incorrectly placed, the system verbally provides
directions to help the student correct his construction (as for POIs). This interaction
technigue has been designed, as it alfousers to identify which parts of the line are

correctly placed and to modify only the incorrect parts.
Quiz Mode

In quiz mode the system reads questions which the user solves by pointing to the
requested element. If the pointed object is not correctetltomputer provides
directional help to redirect the finger as for the Construction Mode. It is possible to
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load different files for the same tactile content so the audantent can evolve in

the same session (e.g. the quiz getting progressively moteudijt

4.4 Evaluation

We evaluated the usability of the developed prototype both for low vision and blind
people in the context of O&M classes at school. We also wanted to gain feedback
from professionals involved in this study. 8 visually impaired studesutscipated in

the user study (for more details see AlbotBsrrois et al., 2018). We evaluated
exploration and construction mode. In order to avoid bias, the order of presentation

of exploration and construction modes was counterbalanced.

For the exploation mode we used a raisdihe map showing the train station of
Bordeaux. This map has been drawn and printed on gyvegler by a transcriber in
the special education center IRSAhe train station scenario was chosen as it is
interesting for the studets in their real life. The station has recently been renovated
and its new layout was therefore unknown to the participants. The layout of the
train station is quite complex, showing for instance train tracks, a tramway stop,
shops and services (e.g. seevior travellers with special needs, ticket store). For the
construction mode, we used a stdyy-step learning scenario written by the O&M
instructors (as provided on the VISTE platform). This scenario corresponded to the
itinerary from a central squareuinconces) to the public garden (Jardin Botanique).
It involved using the tram and walking. Participants were told that they had to guide

"loco” on her itinerary to find her friend "motion” in the public gardens.

4.4.1 Method
Usability was evaluated by measuyi efficiency, effectiveness and satisfaction.
Efficiency was measured for the exploration mode as the time that users took to
reply to the questionnaire, and for the construction mode as the time needed to
perform the whole learning scenario. Effectiveaef®r the exploration mode was
measured as the number of errors when replying to spatial questions, and for the

construction mode as the number of mistakes (misplacement of objects) and

4 http://www.irsa.fr/csesalfred-peyrelongue
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number of repetitions of instructions. Satisfaction was measured adoosh modes

by using SUS (Brooke, 1996) and UEQ (Laugwitz, 2008).

The study consisted of a familiarization phase followed by construction and
exploration tasks in counterbalanced order. During familiarization, we used a third
map for both modes. This maghowed an important public transport station where
several tramway lines intersect. During familiarization with the exploration mode,
participants were told how to explore an existing map and to obtain audio output.
For the construction mode, participanted to reconstruct a small map, in order to
learn how to correct the position of objects and lines. Participants could practice as

long as they wanted.

Participants either started with exploration or construction mode. In the exploration
mode, participantswvere allowed to freely explore the map of the train station for

ten minutes. Then, they were asked 12 questions about the map while they were
allowed to explore the map (4 questions about the general structure of the train
station, 4 questions about thehsps, and 4 questions about the services). The
purpose of this step was to force all participants to explore the entire map. It also
allowed us to verify that participants were able to acquire information about all map
elements. Then, we removed the mapdaparticipants had to answer by heart to a
series of 12 questions about the spatial layout of the maps (3 general questions
about the train station, 3 questions about location estimation, 3 questions about
direction estimation, 3 questions about distancgtienation). The series of questions
was based on prior similar studies (Brock et al., 2015, Giraud et al., 2017, Picard et
al., 2009) and recommendations by Kitchin and Jacobson (1997). As suggested by
Giraud et al. (2017) we provided 4 multiple choiceliepfor each question, thus
reducing the chance level to 25%. In the construction mode, one O&M instructor
read the learning scenario to the participants. The scenario contained questions
which allowed her to evaluate the knowledge of each student ance#xt to each
student's needs (e.g. provide explanations about the cardinal system if unknown to
the student). This corresponded to the way how the O&M instructor normally

conducted her classes. Our prototype then announced instructions that the students
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had to follow (e.g. "between the tram stop and the public garden there is triangular
block of houses. Place the block of houses on the map."). After placing map
elements, the students were invited to verify their position and correct them if
necessary. Stughts could repeat instructions if necessary. We logged the number of
misplacements and the number of repetitions they requested. After having done
both exploration and construction, participants were asked to reply to SUS and UEQ

guestionnaires. We also kesd them for qualitative feedback.

In some sessions, professionals from the special education center (e.g. tactile
transcribers) participated as observers. They were invited to reply to a questionnaire

and provide qualitative feedback and ideas on hovintprove the prototype.

4.4.2 Results

In exploration mode, all participants explored the map during 10 minutes. Then,
participants replied to a series of questions while still accessing the map, and a
second questionnaire without access to the map. We measured time each
student took to answer the series of questions with and without access to the map.
Each questionnaire was composed of 12 questions. The time without access to the
map was lower (mean 7.25 min; SD 4.31) than with access to the map (mean 8.5
min, SD 2.92). This is not surprising as in the latter case, the exploration of the maps
required some time. However, the difference is rather small. Moreover, most
participants answered all questions in less than 20 minutes, i.e. less than 1 minute
per queston. This shows that visually impaired people (VIP) can efficiently acquire

spatial information with the map prototype.

In construction mode, we measured the total time required to complete the learning
scenario. The mean time was 24.11 minutes (SD = miv= 14.49, max = 33.72).
This time includes the interaction between the student and the instructor. We
noticed that there was quite a high difference between the mean times for the
different steps of the scenario. For example, the mean time for step 6.93
minutes, whereas for step 2 it is 1.05 minutes. In step 2, which was quite simple, the
student had to place a magnet to represent a tram stop. Step 4 took more time
because besides placing map elements, the instructors also asked the student
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guestions about their journey. For example "What do you do before crossing a
road?". We investigated whether the order of tasks had a significant effect on the
time for the construction mode (our hypothesis was that construction mode would
be easier to use, if @koration mode has been done beforehand). Data were
normally distributed (ShapiraVilk; W = 0.93; p = 0.48). ATest did not show any
significant difference between both groups (t(6) = 0.56, p=0.6). Beginning with

exploration mode did not speed up the uskconstruction mode.

In exploration mode, effectiveness was measured as the number of correct replies to
the questionnaires about map content and configuration, as a main purpose of maps
is to enable people to acquire and memorize spatial information. &Varage,
students made more errors without the map (mean 3.8; SD 1.81) than with the map
(mean 2.25; SD 1.16). This is not surprising as access to the map allows students to
obtain the required information. Despite this, we measured some mistakes even
with access to the map. For example, one question assessed the total number of
restrooms in the train station. Several participants stopped searching after they

found the first one, without exploring the rest of the map.

We used two measures for the effeativess of the construction mode: the number

of times patrticipants listened to each instruction and the number of errors for each
step (i.e. misplacing tactile elements and correcting their position). On average each
student listened to the instructions twimes (one is the minimum, SD 0.52). This
suggests that most students were able to easily understand the instructions.
Moreover, the number of errors when constructing the map was low. Students made
on average 5.1 errors for the entire construction modB (&32). This represents a
mean error of 1.02 for each step of the scenario, suggesting that students were able

to construct the map with a reasonable amount of corrections.
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Figurel4. Results of the SUS Questionnaire

Satisfaction was measured with tilstandardized SUS and UEQ questionnaires. The
results fran the SUS are shown in Figure Bangor et al. (2008) proposed a scale to
assign attributes to SUS scores. All participants except P1, P4 and P7 ranged the

prototype above "good" usability.

The UR) provides 6 measures: attractiveness, perspicuity, efficiency, dependability,
stimulation and novelty. Results are "excellent" for all measures, except for the
"Perspicuty” which is "good" (Figure5). The problem for this item may be the

guality of ourTextto-speech synthesis (TTS), as the participants reported issues with

it.
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Figurel5. Results of the UEQ
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We also gathered qualitative feedback. Participants were generally enthusiastic
about the prototype. One participantidl not want to stop "playing".7 out of 8
students appreciated the audio feedback. This is coherent with prior studies
demonstrating that especially younger VIP preferred audio output ®reille text
(Brock et al., 2015). 5 students liked the constructinade of our prototype and
especially the possibility to be corrected by the system. They felt that the system
would judge them less than a human being. 6 participants wanted to use this
prototype during their classes, but did not want to use it without thelp of an
O&M instructor, especially in construction mode. This matches the design of the
prototype which was done for collaborative use with an O&M instructor.
Interestingly, some of the less autonomous participants stated that they felt capable
of usirg the prototype on their own. This suggests that these participants found the

use of our map prototype easier than the use of other tools.

On the other hand, all participants criticised the precision of the finger detection.
Indeed, the way how participastbent and held their finger impacted the precision.
Furthermore, users did not appreciate the TTS. This was surprising to us, as we had
chosen a TTS which has also been used in early TalkBack screen readers of Android
phones. We identified these two pomtas main features that needed improvements

for a future version of the prototype.

Visually impaired people present a heterogeneous group with a variety of-inter
individual differences, such as age at onset and duration of visual impairment,
etiology, mobility skills,Braillereading skills and use of assistive technology. Indeed,
we observed large discrepancies among participants (Fig@e Uegally blind
participants (P1 and P6) were not the ones who required the rtiost; however

they were among the oes with the most errors. P7, a lewision student, was the
guickest and made the smallest number of errors. However, as shown above, his SUS
score also was lowest. When evaluating the UEQ we identified P7 as a person who
gave incoherent replies (2 incohere replies marked as critical by the UEQ
guestionnaire evaluation tool). O&M instructors were generally able to predict

which students would have more problems with the tasks than others.
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Construction mode : Time and errors for each participant
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Figurel6. Inter-individual differences regarding Time and Errors

All people with residual vision made use of the projected information, even those
who were legally blind and trained to manual map exploration. Prior studies made
similar observations (Szpiro et al., 2016). In our study, one person with low vision
was plotosensitive and the projection was hurting him. Our system allewisching
projection on and off. We suggest foreseeing this possibility in Assistive Technology

to allow users to adapt technology to their personal needs.

4.5 Further Studies

We condicted additional studies, which we submitted as scientific contributions but
which have not yet been publishe@he first additional study explores further the
mechanisms of content creation by professionals (Figufe The user can use the
creation modeand draw the interactive zone with the finger. A microphone allows

registeringspeech and audio content. The content is usable immediately.
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Figurel?. A teacher draws directly interactive zones on a tactile map with his finger, and records the
associted audiofeedback, making it accessible to students with visual impairments. Touching the
same zone later will launch the recorded aufiedback.

We also proposed-Road, an inclusive VR street simulator for O&M classes (Figure
18). The system provideaudio and visual feedback in 3D, via a smartphone

application.

Finally, we also used the PapARt prototype to augment board games (Figidre 1
The same techniques as for maps mentioned above are used to provide spatial

information.

Figurel8. Top left:The system provides an audiisual localization with and without vision, for
instance with a cube emitting sonar sound on the top left image. This approach is also used to
represent vehicles in virtual streets. Top right: TH®Ad prototype consistinaf a headset,

® Collaboration with the French ANR project Accessitmips://www.irit.fr/accessimap/en/english
version
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smartphone and 3fprinted holder. The prototype can be held in the hand or worn on the head.
Bottom: overview of the configuration of the virtual worlds. Right: top view of simulation representing
a street with a pedestrian crossing. Leftptview of a simulation representing a traffic light crossing.

Figurel9. The augmented existing board games using spatial augmented reality to detect touches

and pawns' positions. The combination of analogical tactile feedback, a classical adaptdtitguec
related to visual impairments, and digital audio feedback, used in digital accessibility, makes the game
inclusive and fosters social interaction.

4.6 Lessons Learned: Audtactile interactive content

4.6.1 Types of interactive feedback
Our first work as preented above AlbouysPerrois et al., 2018lses spatial
augmented reality (SAR) to augment interactive zone. Spatial augmented reality
augment directly existing objects. It can be done by projection (Bimber and Raskar,
2005). The advantage of SAR in tidse is to be able to use the pedagogical material
already used in classrooms in specialized schools for VIP. It is possible to add the
augmentation on top of existing maps and material rather than to modify it. From

this work, we recommend at least to grose two AR (augmented reality) content

types.

4.6.1.1 Exploration
The first interactive mode (exploration) is used to provide audio captions for the

element which a visually impaired user touches with his finger.

4.6.1.2 Quiz

The second interactive AR content (quiz mpdeabout providing audio questions
0SPId at2aA0GA2y GKS GNIAYy adalridArzy 2y GK
0SPIDd Gaz2z@S e2dzNJ FAYIASNI 2y GKS tSTlheovo

S \
LGa

more lucid manner.
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4.6.1.3 Exploration mode used aguiz mode
In experiments which we have done in Greece (currently under submission), the

teachers used the exploration mode to register questions (as captions) about the

touched elements. The students first explored a map with information about events
inciASa F2NJ | SNOdzA SaQ G6St S 62Nyl az GKSy |
KSNB¢s> GaoKAOK Y2yaidSNI gla (1AffSR o6& |1 SN Of
the system, corrected the answers given by the students. This is a new hybrid use of

our system

4.6.2 Types of interactive zones
From the use of our system with specialized teachers in classrooms, we recommend
to propose at least two types of interactive zones that can be created by drawing on
the map: shapes and lines.
4.6.2.1 Shape
Characteristics:shapes aredefined as closed areas (unlike lines which are open
ended).Type of shapes (Concave, convexe, hollowltimately, the created shapes
should be possibly convex (e.g. rectangle station), concave (e.g. building in L shape or

X crossing), and even hollowdea stadium or a building with an atrium).

Behavior in exploration modein exploration mode the audio caption is played

when the finger is detected inside the shape.

Behavior in quiz modein quiz mode the audio question is played, and the answer is
correct when the finger is detected inside the shape. If the finger is outside, a
feedback is given to redirect the finger. The target can be the barycenter of the
shape, or the shortest way to enter the shape (i.e. the closest point on the border of

the shag).

Advanced usein order to have the same caption for different areas (exploration)
and to allow different areas to be the correct answer (quiz), it is possible to create
Gf 2f f ALIRL) aK200JS4a¢ 0aSS CA3IdzNB
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Figure20. With convex shapes, it is not @ilsle to have multiple distant items with the same caption

or to answer the same quiz question (left, only one leaf is annotated with a specific caption for

AyaalryoOS aftSTh tSFFeozZ dzyt Saa 20KSNJ O2yGSyid Aa yy?2
ayy2dl 6SR GKS alyYS OFLIGA2y Sodo afSITFéx a Sttt | a
possible with lollipop shapes (right, three bubbles are around the leaves are part of the same shape,

sharing therefore the same caption).

4.6.2.2 Line
Characterisics: lines are defined as wire elements without surface, with a beginning

and an end (unlike zones)ype of lines (Wire, Loop}he lines can start and end at

different positions (wire) or at the same position (loop).

Behavior in exploration modein expbration mode the audio caption is played

when the finger is detected close to the line (0,25 cm).

Behavior in quiz modein quiz mode the audio question is played, and the answer is
corrected if the finger is first detected close (0,25 cm) to the beginmaint,
remains close to the line, and finally is detected close to the end point. If the finger
moves away, a feedback is given to redirect the finger. The target is the shortest way

to reach the line (i.e. the closest point in the wire defining the line)

Advanced useln order to have the same caption for connected lines (exploration)
and to allow multiple solutions (such as journeys) to be the correct answer (quiz), it
Ad LJ2aaAot Sthiohl GNB IIAS SeaFER $H533 SS CA I dzNB  H
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A A,
Figure21. With lines, it is not possible to have multiple connected items with the same caption or

allowing to answer with multiple solutions the same quiz question (left, only one street or one possible
path between A and B is annotated with a specific caption forin§tand a i NESiG / €3 | yR Ll2&aaai

G2 GKS ljdzSaidAazy a32 FTNRY | iheoughl fofe fiKySS Ed A (SN A £ 2 LdiEN
Fyy2GF34S 'y NBF ONARIKGEZ 2yS tAyS 3I32Sa GKNRdAAK | as$s
F NBIl ¢ 216aR A& KIS O2NNBOG |yasgSNB (2 GKS ljdSadtArzy ¢

particular solution).

4.6.3 Types of audio feedback

Different types of audio feedbacks can be associated to interactive zonetotext
speech, praegistered audio files, anegistering on the fly.

4.6.3.1 Textto-speech
Textto-speech (TTS) is also known as vocal synthesis. A written text is transformed

to audio feedback.

Pros:We noticed during tests in the classroom with students that automatic voices
can be well perceived for feedibk on errors and corrections, in particular for the
student with the most difficulties. More specifically, we observed that the synthetic
voice is not taken personally but as a neutral feedback. It does not give an
impression of being judged or to disappbteachers (both can happen when a
teacher corrects the student). The teacher then just helps, and the student felt more

autonomous even with the same amount of help.

Textto-speech is familiar to people with visual impairments as it is used in screen

readers, and the feedback can be easily modified by changing the written text.

Cons: Writing a text for a texto-speech synthesis in an AR system using the
keyboard is not very convenient. Moreover, using texspeech audiaontent is

not easy for some leguages. We found TTS for Danish, Dutch, English, French,
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German, ltalian, Japanese, Korean, Luxembour@isimvegian, Polish, Portuguese,
Russian, Slovak, Spanish, Swedish, Telugu, Turkish and URrdifii@ralso does not
allow adding non-verbal sound (&. noises or music) and specific prosody. As we
observed in the participative study (to be published), it is not suitable with Romanian
and Greek language (which are the languages of the schools in VISTE project), nor to
express some emotions (art class)for story telling (mythology).

4.6.3.2 Prereqistered files

Pros:Preregistered files allow verbal, nonverbal and t¢atspeech recorded sound

to be played. Any languages, prosody and-werbal sound can be played.

Cons:Such audio feedback is not easy tmdify, as it requiregeneratinga new
registered feedback whichmay also require specific equipment. It may necessitate
navigatingn the file system of a computer to replace the audio files, therefore losing
a bit of the interest of using AR. Moreoverrequires a lot of storage.

4.6.3.3 On the fly

Pros: On the fly registration allows verbal, nonverbal and tespeech recorded
sound to be played. Any languages, prosody andvebal sound can be played. It

is possible to change the content during the usetld system, for instance if
something is unclear to the student. The students can also register their own
feedback.

Cons:This approach requires a microphone in order to register the audio feedback
on the fly. Preregistered sound can be added manually e played to be re
registered by the microphone. This approach alsguires implementingegistration

features integrated to the application.

4.6.4 Types of tactile content
The audio feedback should be compatible with multiple tactile contents such as

presental above.

®  with Google  Cloud https://cloud.google.com/texito-speech/docs/voices MaryTTS

http://mary.dfki.de/, pico ttshttps://github.com/naggety/picotts

Empowering spatial thinking of students with visual impairment
20161-ELO01KA201023731

a7


https://cloud.google.com/text-to-speech/docs/voices
https://cloud.google.com/text-to-speech/docs/voices
http://mary.dfki.de/
http://mary.dfki.de/
http://mary.dfki.de/
https://github.com/naggety/picotts
https://github.com/naggety/picotts

4.6.4.1 Printed relief graphics
Relief graphics can be printed from SVG files. The SVG file can be directly modified to

integrate textual properties, which can then be rendered by #exspeech
synthesis.

4.6.4.2 Handmade tactile graphics

Lots of tactile graphis are handmade. For instance, we composed graplscyy real

leaves on paper and wood felt (Thevin and Brock, 2018). Others have relief, in
particular small scale models. In this case a SVG file can be created by scanning and
editing the elements on a coputer (Thevin and Brock, 2018).

4.6.4.3 Other approaches

Some maps integrate electronics elements, to be made interactive (see for instance
Giraud et al., 2017).

4.6.5 Creating content for audidactile systems
From the state of the art, we identified thah most prior work on audietactile
medig the research teandecides onthe AR content and medimeaning that no
participatory design is followedAnother field proposes authoring tools for audio
tactile media but constrains to one type of tactile media orfipr audo-tactile
media to go ouof-the-lab, the real end users (i.e. teachers and visually impaired
students) should create their own audiactile graphics, keeping the flexibility on
tactile support and augmenting it easily with audio feedback.
4.6.5.1 Interest in usng the same AR tool for exploration and for authoring
Our second work (Thevin and Brock, 2018) uses a graphical user interface (GUI) to
create content which is usable in spatial augmented reality (SAR) with PapARt open
source framework. It is possible #xd the augmentation on top of existing maps
(including paper, real leaves and foam). In this work, the teachers are able to create
their own content, yet they have to move to from a computer with GUI to the AR

tool.

We identified elements to improve frorie previous works in content creation for
audiotactile systems. The first element is that the current techniques use a GUI.
Therefore, it requireschangingdevices between the computer for the content

creation, and the prototype focontent. In these coditions, no direct tests on the
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new contents are possible, and the modifications should be done on the GUI
computer after testing on the AR system. Moreover, working on a GUI necessitates

workingon a picture of the tactile support, and not directly orettactile support.

For this reason, we propose to use SAR to create content directly on the interactive

tactile maps (Thevin et al., 2019). We propose to augment tactile maps, and to

define directly on the tactile media the interactive area. Keeping theclescreen
YSUGIFILK2NE ¢S AYFSNI GKFIG AG Aa AYLRNIFyGOG G2
GFrOOAES ANILKAOA 6AGK 2ySQa FAYISND

4.6.5.2 Coloring
With the touchscreen metaphor, the user should keep the possibility to coler th

inside of the shape (Figur@p Coloring the shapes alloveglectinglarger areas with

the same interactive content.

Figure22. Example of results of techniques to create shapes (top) depending on the finger movement
(bottom). The solution is to detect closed shapes for filterhgring while having concave shape.

4.6.5.3 Offset
One of the advantages of this system is to be resilient to calibration offset of the

hardware, as the interactive zones are created with the same finger detection offset
that will occur during exploration. If &hfinger is detected 5mm too far in one
direction when creating a zonehe finger will be detected with the same offset
when touching the elemat during exploration (Figure3}. In GUI zone definition,

the interactive zone is drawn precisely on the elememhile the finger is detected

with the offset and positioned 5mm outside of the interactive zone. Interestingly in
this case, the visual feedback becomes a problem for sighted people using the
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