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ABSTRACT 

  
Project VISTE άEmpowering Spatial Thinking of Students with Visual Impairmentέ has 

been a Strategic Partnership in school education, co-funded by the Erasmus+ 

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

Cooperation for Innovation and Exchange of Good Practices. ¢ƘŜ ǇǊƻƧŜŎǘΩǎ Ƴƛǎǎƛƻƴ 

has been to develop a methodological, semantic and technical infrastructure for 

cultivating spatial thinking in inclusive educational environments; the main target 

groups have been 11-15 year old students with VIΣ ŀǎ ǿŜƭƭ ŀǎ ǘŜŀŎƘŜǊǎΣ ǘŜŀŎƘŜǊΩǎ 

trainers, and other staff involved in their education.  

The Guide of Good 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.  
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1 INTRODUCTION 

1.1 Overview of VISTE Project 

Competence in spatial thinking, usage of maps or other spatial tools is not self-

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

thinking in school education has been linked to positive results, such as success in 

STEM, promotion of innovation and mitigation of social inequalities. For students 

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

ability for functionally utilizing spatial experienceǎΦ Lǘ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎǘǳŘŜƴǘǎΩ 

mobility, independence, academic progress, social integration and professional 

development.  

Spatial thinking can provide a basis for inclusive education, through open-ended 

problem solving tasks and scientific inquiry activities, 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 Technologies (ICTs), can be valuable aids in this direction. 

Project VISTE ά9ƳǇƻǿŜǊƛƴƎ {Ǉŀǘƛŀƭ ¢ƘƛƴƪƛƴƎ ƻŦ {ǘǳŘŜƴǘǎ ǿƛǘƘ ±ƛǎǳŀƭ LƳǇŀƛǊƳŜƴǘέ 

has been a Strategic Partnership in school education, co-funded by the Erasmus+ 

programme of the European Union (9/2016 ς 8/2019), under Key Action 2: 

Cooperation for Innovation and Exchange of Good Practices. 

¢ƘŜ ǇǊƻƧŜŎǘΩǎ Ƴƛǎǎƛƻƴ has been to create a methodological, semantic and technical 

infrastructure for cultivating spatial thinking in inclusive educational environments.  

The objectives of the project have been:  

ǒ to address the needs of school students with visual impairment, by 

strengthening their spatial skills, and  

ǒ to cultivate these skills through cooperative activities with sighted students, 

so as to enhance integration of students with visual impairment in 

mainstream education.  

¢ƘŜ ǇǊƻƧŜŎǘΩǎ Ƴŀƛƴ ǘŀǊƎŜǘ ƎǊƻǳǇǎ are school students (11-15 years old), teachers, 

ǘŜŀŎƘŜǊǎΩ ǘǊŀƛƴŜǊǎ ŀƴŘ ƻǘƘŜǊ ǇǊƻŦŜǎǎƛƻƴŀƭǎ ƛƴǾƻƭǾŜŘ ƛƴ ŜŘǳŎŀǘƛƻƴΦ 
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The project consortium consists of five partners from four European countries: the 

National Technical University of Athens - NTUA (Co-ordinator, Greece), Institut 

National de Recherche en Informatique et en Automatique - INRIA (France), 

INTRASOFT SA (Luxembourg) - INTRA, Casa Corpului Didactic Cluj - CCDC (Romania), 

Eidiko Dimotiko Sxolio Tiflon Kallitheas/Special Elementary School for the Blind in 

Athens - SESBA (Greece) and Liceul Special pentru Deficienti de Vedere Cluj-Napoca - 

LSDV (Romania). Its members (a university, a research institute, a software company, 

ŀ ǘŜŀŎƘŜǊΩǎ ǘǊaining centre, a primary and a secondary school for the visually 

impaired) brought in different areas of expertise; meanwhile, the project has also 

benefited from additional co-operation with several other organizations active in 

relevant fields. 

Four intellectual outputs have been produced by the partnership: 

1. An innovative inclusive educational framework for empowering spatial thinking 

of students with visual impairment has been researched, formulated, 

implemented, and validated. 

2. Educational spatial thinking components were designed, implemented, and 

validated. They include educational scenarios which address a range of scientific 

fields, classes and curricula and utilize open learning tools and educational 

resources. 

3. An innovative ICT toolkit, to assist the work of educators, has been designed, 

implemented and validated. Its first pillar is the web-based VISTE Community of 

users (platform), which allows teachers to share open educational resources 

developed in the project and cooperatively develop new ones. The second pillar 

is an Augmented Reality (AR) toolkit, which visually impaired users 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. The prototype was extended to also enable teachers of visually impaired 

students to create their own audio-tactile material. Additionally, a virtual reality 

(VR) toolkit has been designed and validated, which can be used as a street 

simulator to train visually impaired students in orientation and mobility lessons. 
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4. The present Guide of Good practice for Policy Recommendation has been 

compiled, on the basis of the experience gained during the project.  

Furthermore two joint staff training events have provided teachers of students with 

visual impairment the opportunity to enhance their knowledge and skills and to 

develop common resources, as well as to receive training on integrating A/VR and 3D 

printing in their educational practice.  

Finally, twelve multiplier events and a variety of dissemination activities have 

diffused project results to wider audiences.  

The project has won an award of excellence at the Edumanager.ro Gala forum in 

Romania. It has received a warm reception by the 175 school students (including 85 

students with visual impairment) directly involved in its educational activities. It has 

equipped hundreds of education professionals with skills and motivation to serve 

the needs of their students using the VISTE approach, while the potential for further 

impact exists via the online community, the open access of intellectual outputs and 

ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ƻŦ ǘŜŀŎƘŜǊǎΩ ǘǊŀƛƴŜǊǎΦ Project results have been communicated to the 

research community via publications and presentations at major conferences. 

1.2 Goal of the Guide of Good Practice for Policy Recommendation 

The goal of 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 results in educational policies and practices. 

Following this introductory chapter, chapter 2 outlines the principal innovative 

elements introduced by the project and the main good practices implemented.  

From Chapters 3 onwards, the Guide briefly presents the ǇǊƻƧŜŎǘΩǎ ŀŎǘƛǾƛǘƛŜǎΣ results 

and lessons learned; for further information the interested reader may consult the 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘŜƭƛǾŜǊŀōƭŜ ǊŜǇƻǊǘǎΣ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ±L{¢9 ǿŜōǎƛǘŜΩǎ ǊŜƭŜǾŀƴǘ ǎŜŎǘƛƻƴ 

and the Erasmus+ project results platform.  

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

presents policy recommendations for further empowering the spatial thinking of 

students with visual impairment.   
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2 INNOVATIVE ELEMENT AND GOOD PRACTICES 

2.1 Innovative Elements  

The Inclusive Educational Framework and Educational Components for 

Empowering Spatial Thinking of Students with Visual Impairment: In the last few 

decades, as the importance of spatial thinking for people with visual impairment has 

been acknowledged, several related research efforts have been made. Whereas such 

efforts have shaped the VISTE approach, their focus has been mainly on spatial/map 

cognition among users with visual impairment and/or developing accessible map 

interfaces. By contrast, VISTE has focused on developing an integrated educational 

framework and specific educational components, which encompass innovative 

assistive technologies to cultivate spatial skills in 11-15 year old students with visual 

impairment across national curricula, school subjects, and grade levels and can be 

applied in inclusive education settings. In this respect, VISTE is closely related to the 

recent project GEOTHNK, co-ŦǳƴŘŜŘ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ [ƛŦŜƭƻƴƎ [ŜŀǊƴƛƴƎ 

Programme and coordinated by NTUA, which sought to develop an interdisciplinary 

semantic framework for the development of new learning pathways enhancing 

spatial skills in students. VISTE has been both innovative and complementary to 

GEOTHNK, focusing on students with visual impairment, expanding the list of key 

spatial thinking concepts in relation to the needs of this group and developing 

methodologies, resources, and tools to cultivate ǎǘǳŘŜƴǘǎΩ ǎǇŀǘƛŀƭ ǎƪƛƭƭǎ ƛƴ ƛƴŎƭǳǎƛǾŜ 

education settings. The project has been indeed innovative, thanks to the choice of 

such a challenging topic and to the means explored and used in order to tackle it in 

the classroom. Innovation also lies in the developed technical solutions in order to 

better explain spatial thinking concepts, namely, the use of 3D printing, as well as 

the combination of traditional tactile images with image projection and soundtracks, 

when using the VISTE toolkit.  

The VISTE User Community-Platform: The VISTE Community was created as a 

GEOTHNK subcommunity focusing on the needs of students with visual impairment 

and designed so as to be fully accessible by visually impaired users. It is integrated in 

GEOTHNK, as well as the Open Discovery Space platform, and also makes use of the 
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Inspiring Science Education community resources, developed in different projects, 

thereby maximizing synergies and promoting VISTE sustainability and appeal.  

The Augmented Reality Toolkit: In the past four decades, several variants of 

interactive maps for users with visual impairment have been designed. However, the 

existing prototypes have several limitations. First, most of them allow users to 

explore existing maps only. VISTE prototype goes beyond this, by providing a 

construction mode which allows users with visual impairment to construct their own 

maps and other spatial representations, and a quiz mode which supports lucid 

exploration. Second, creating the content for those interactive maps using existing 

prototypes can be cumbersome, as it requires knowledge in vector drawing 

software. Therefore, teachers often struggle to create content for these maps. 

However, VISTE prototype allows teachers of students with visual impairment to 

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, 

VISTE followed a user-centered design approach, by working closely with local 

schools for visually impaired people.  

The Virtual Reality prototype: While Virtual Reality has become mainstream in the 

past years, not much has been done to make it accessible to visually impaired 

people. Our work is a contribution towards the accessibility of Virtual Reality for 

people with visual impairment. To our knowledge, VISTE is the first to propose a 

virtual street simulator for Orientation and Mobility training of visually impaired 

people. This has been also validated by users and it is very easy to implement with 

minimum technical support by the school teachers themselves.  

Finally, the present Guide of Good Practice for Policy Recommendation intends to 

transfer and disseminate the prƻƧŜŎǘΩǎ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘǎ in enhancing spatial 

thinking of students with visual impairment, as well as in integrating this transversal 

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

visually impaired and sighted students. 



 

 
Empowering spatial thinking of students with visual impairment 

2016-1-EL01-KA201-023731 

14 

2.2 Good Practices 

Focus on Inclusive Education and Training: The project has primarily addressed the 

Erasmus+ horizontal priority Inclusive Education, Training and Youth. We expected 

the project to have a major impact in this area and we believe that it did. The 

strategies, tools, components developed and the present Guide of Good Practice for 

Policy Recommendation can play a major role in making education more inclusive for 

a group of students who usually have much fewer opportunities than their sighted 

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 activities, and shared valuable knowledge and 

experience. A larger number of teachers, as well as other 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 implementation of the VISTE approach in integrated classrooms. The 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 Thinking: ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ŦƻŎǳǎ ƻƴ ŜƳǇƻǿŜǊƛƴƎ ǎǇŀǘƛŀƭ ǘƘƛƴƪƛƴƎ 

has served the Horizontal Priority to Improve Achievement in Relevant and High-
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level Basic and Transversal Competences in a Lifelong Learning Perspective, for 

students (mainly 11-15 years old) and professionals involved in their education. 

Spatial thinking is a high-level basic, cross-disciplinary and transversal competence. It 

uses the properties of space as a means for structuring problems, seeking answers, 

and formulating possible solutions associated with space in science, in the workplace 

and in everyday life. It is also essential to the άmental toolboxέ of an educated 

citizen for spatial management and decision making. As mentioned previously, 

enhancing spatial thinking in education has been associated with various positive 

impacts (success in STEM and other curriculum subjects, satisfaction of labor market 

needs, promotion of innovation and dissipation of social inequality). For students 

with any kind or extent of VI, spatial thinking is additionally a critical compensatory 

skill, which can greatly benefit their mobility, independence, academic progress, 

integration in society and future professional prospects. 

Therefore, enhancing spatial thinking 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 students with spatial skills and to support collaborative learning of spatial 

skills both for sighted and visually impaired students. It has also enhanced the ability 

of educators to serve this goal, by providing relevant methodologies, resources, tools 

and recommendations, as well as practical training. 

Open and Innovative Education and Training: VISTE project is also highly related to 

the Open and Innovative Education, Training and Youth Work, Embedded in the 

Digital Era Horizontal Priority. It has fostered collaboration to develop, implement, 

and validate innovative approaches to the challenge of empowering spatial thinking 

in students with visual impairment, including the development, refinement, and 

validation of an ICT toolkit, comprising two components. 

The first is VISTE open access community and platform which allows the use and 

collaborative development of educational resources for enhancing spatial thinking in 
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students with visual impairment. Educational resources developed during the project 

have been uploaded to the platform and will continue to be openly available. As 

stated previously, VISTE community has been integrated in wider-focus educational 

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

The second component has been the VISTE augmented reality toolkit, which 

supports the implementation of relevant educational scenarios in inclusive 

classrooms. 

Furthermore, training activities implemented during the project have addressed the 

important challenge of teachersΩ familiarization with useful technological resources, 

such as digital platforms, augmented and virtual reality applications, 3D scanners 

and printers, etc. 

Integrated Approach and Solid Management Methodology: In addition to the above 

good practices addressing Erasmus+ horizontal priorities, we believe that the 

following characteristics of the project have helped maximize its impact.  

ǒ Collaboration of experts from different backgrounds: Partners from various 

European countries and scientific disciplines, with significant expertise in 

their particular field, have collaborated in the activities leading to the 

production of VISTE intellectual outputs. 

ǒ Building on past achievements: The consortium has capitalized on past 

experience, most notably that of the GEOTHNK project which has produced a 

framework to enhance geospatial thinking in education. Furthermore, project 

design has followed a carefully designed step-by-step approach, in which 

each activity implemented has provided input/feedback to other activities.  

ǒ Integrated approach: The project has started by researching and formulating 

an educational framework, from which all specific educational components 

and tools produced in the project have emanated, to ensure their 

integration. Furthermore, the outputs developed encourage and support 

interdisciplinary approaches and semantic associations between spatial 

concepts.       
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ǒ LƴŎƻǊǇƻǊŀǘƛƴƎ ǳǎŜǊǎΩ ƴŜŜŘǎ ƛƴ ŘŜǎƛƎƴΥ The needs of teachers and their 

students have been assessed and have been addressed in formulating VISTE 

intellectual outputs. Furthermore, teachers (users) have been actively 

involved in developing, implementing, disseminating and evaluating the 

ǇǊƻƧŜŎǘΩǎ ƻǳǘǇǳǘǎΦ 

ǒ Validation: The intellectual outputs developed have been implemented and 

evaluated in the classroom, both in special education and inclusive education 

settings. 

ǒ Solid project design and management methodology: Careful project design 

as well as distinct plans developed for management, quality 

assurance/control, risk management, implementation, validation, 

dissemination and exploitation of outputs have ƘŜƭǇŜŘ ŀŎƘƛŜǾŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

objectives and ensure the long-term effectiveness and sustainability of 

results. 
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3 THE VISTE INCLUSIVE EDUCATION FRAMEWORK FOR STUDENTS  
WITH VISUAL IMPAIRMENT 

3.1 Overview 

The first major intellectual output produced by the project has been the VISTE 

Inclusive Education Framework for Students with Visual Impairment. The framework 

introduces essential strategies for the development of an innovative teaching 

approach towards effective spatial thinking for students with visual impairment to 

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 State-of-the-Art Report on spatial thinking in the 

ŦƻǊƳŀƭ ŜŘǳŎŀǘƛƻƴ ƻŦ ǎǘǳŘŜƴǘǎ ǿƛǘƘ Ǿƛǎǳŀƭ ƛƳǇŀƛǊƳŜƴǘΤ ōύ ¦ǎŜǊǎΩ bŜŜŘǎ !ƴŀƭȅǎƛǎΤ Ŏύ 

Exploration of New Cartographies for Users with Visual Impairment; d) the VISTE 

pedagogical framework.  

3.2 Investigating the State of the Art on Spatial Thinking in Education  
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 school levels.  

The goals of the activity have been:  

ǒ To explore what has been put thus far in practice in education regarding 

spatial thinking of students with visual impairment, in Europe and worldwide; 

ǒ To provide answers/proposals on how to further develop studŜƴǘǎΩ ǎǇŀǘƛŀƭ 

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 other continents. It included more detailed insights into current practices 
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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 tactile maps, mathematics and geometry. It also presented 

additional material developed/used by LSDV (examples in figures 1-4). Finally, 

proposals for enhancing current educational practices through the project were 

formulated.  

3.2.3 Lessons Learned 

Spatial thinking is crucial in 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 need for trained teachers to help students with visual 

impairment in inclusive education settings develop the abilities necessary to face 

relevant educational challenges in various school subjects and at various grade 

levels. 

The process of inclusion is in its infancy in 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 in education. 

Students with visual impairment need an educational system which meets the 

individual needs of all students and fosters independence. They are capable of cognitive 

learning in an inclusive education system and are of good learning results. Appropriate 

teaching methods, materials, tools and instruments make a difference in educational 

systems and settings where vision has been the primary basis upon which most traditional 

education strategies have been based.  
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Figures 1-4. Examples of good practices in curriculum materials used by LSDV, Cluj-Napoca, to 

enhance spatial thinking of students with visual impairment (From the VISTE State-of-the-Art report). 

Figures 1, 2Φ Lƴ ǘƘŜ ά{ƪȅ ƛƴ ȅƻǳǊ ƘŀƴŘǎέ ǇǊƻƧŜŎǘΣ ǘƘŜ !ǎǘǊƻƴƻƳƛŎŀƭ /ƻƳǇƭŜȄ ƻŦ .ŀƛŀ aŀǊŜ wƻmania 

(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 Cluj-Napoca for visually impaired and blind visitors was created 

ƛƴ ǘƘŜ ά¢ŜǊǊŀ aƛǊŀōƛƭƛǎέ1 project (2014) by the Babilon Travel Association (NGO), LSDV and the City 

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

ƳǇоΣ .ǊŀƛƭƭŜ ŀƴŘ ƭŀǊƎŜ ǇǊƛƴǘύ ƻŦ ǘƘŜ ŎƛǘȅΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǎƛǘŜǎΦ 

Figure 4. The GEOTHNK community-platform
2
. The GEOTHNK project (2013-2015), co-funded by the 

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

enhancing spatial thinking through innovative ICTs, an open, collaborative educational 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 developing learning 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 daily activities. 

 

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.  

                                                      
1 https://english.babilontravel.ro/projects/terra-mirabilis-tourist-tracks-for-visually-impaired-young-

people/ 
2
 https://portal.opendiscoveryspace.eu/sr/community/geothink-community-400866 

https://english.babilontravel.ro/projects/terra-mirabilis-tourist-tracks-for-visually-impaired-young-people/
https://english.babilontravel.ro/projects/terra-mirabilis-tourist-tracks-for-visually-impaired-young-people/
https://portal.opendiscoveryspace.eu/sr/community/geothink-community-400866
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Generally speaking, children with visual impairment across Europe are confronted 

with the same problems and the necessity for resources to fulfill their needs in 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, self-confidence, 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 children from inclusive education systems feel 

confident, use modern tools to understand abstract concepts and develop spatial 

thinking. 

3.3 ¦ǎŜǊǎΩ bŜŜŘǎ !ƴŀƭȅǎƛǎ 

3.3.1 Goals 

Understanding the needs of education professionals and their students is a 

necessary condition for developing an appropriate educational framework, specific 

educational components and supporting tools. In the VISTE project, a series of user 

needs analysis workshops were organized, to elicit these needs from teachers of 

visually impaired students, so as to enlighten and guide further project activities.   

The goals of the activity were: 

ǒ To obtain insights from teachers with regard to spatial thinking skills of 

students with visual impairment: which skills are necessary for better 

inclusion, which ones students lack, how these can be acquired through 

formal learning settings, which spatial concept students with visual 

impairment understand and how they grasp them; 

ǒ To obtain insights from teachers on teaching practices in terms of spatial 

thinking of students with visual impairment: content, structure, grade levels, 

instructional techniques, resources; 
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ǒ To have teachers of students with visual impairment use the GEOTHNK 

educational platform and obtain their suggestions for addressing the needs 

of teaching spatial thinking skills to students with visual impairment in the 

VISTE community-platform to be developed in VISTE project: new concepts, 

tools, resources, etc. 

 

 

Figure 5. Pre-workshop at NTUA. Project team members from NTUA and SESBA reviewing the draft 

¦ǎŜǊǎΩ bŜŜŘǎ !ƴŀƭȅǎƛǎ vǳŜǎǘƛƻƴƴŀƛǊŜ ŘŜǾŜƭƻǇŜŘ ōȅ //5/ ƛƴ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ [{5± 

 

3.3.2 Output 

A series of workshops were organized; two in Athens, Greece, organized by NTUA 

and SESBA and two in Cluj-Napoca, Romania, organized by CCDC and LSDV. A total of 

50 VISTE users, i.e. educators of school students with visual impairment, 

participated. 

A collaborative research design process was followed. This made it possible to take 

advantage of the different areas of expertise available among project partners. It 

also ensured that the methodology would be appropriate for teachers at both 

countries and of both elementary and secondary school levels. The workshops 

adopted a commonly agreed methodology and structure. The agenda included 

slideshow presentations, group activities on spatial thinking concepts relevant to 

students with visual impairment and individual ŎƻƳǇƭŜǘƛƻƴ ƻŦ ŀƴ ƻƴƭƛƴŜ ǳǎŜǊǎΩ ƴŜŜŘǎ 



 

 
Empowering spatial thinking of students with visual impairment 

2016-1-EL01-KA201-023731 

23 

analysis questionnaire, developed for this project and translated in Greek and 

Romanian. 

 

    

Figure 7 (left). ¦ǎŜǊǎΩ ƴŜŜŘǎ analysis workshop organised by CCDC and LSDV 

Figure 8 (right). wŜǎƻǳǊŎŜǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŀƭȅǎƛǎ ǿƻǊƪǎƘƻǇ ƻǊƎŀƴƛǎŜŘ ōȅ //5/ ŀƴŘ [{5± 

 

    

Figure 9 (left). ¦ǎŜǊǎΩ ƴŜŜŘǎ ŀƴŀƭȅǎƛǎ ǿƻǊƪǎƘƻǇ at NTUA, with the participation of teachers from 

SESBA  

Figure 10 (right). ¢ƘŜ ŎƻƳƳǳƴƛǘȅ ŦƻǊ ǘƘŜ b¢¦! ±L{¢9 ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŀƭȅǎƛǎ ǿƻǊƪǎƘƻǇǎ ŎǊŜŀǘŜŘ ƻƴ ǘƘŜ 

GEOTHNK-ODS platform 

¢ƘŜ ŀŎǘƛǾƛǘȅ ŀƴŘ ƛǘǎ ƻǳǘŎƻƳŜǎ ŀǊŜ ŘƻŎǳƳŜƴǘŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ ǘƘŜ ±L{¢9 ¦ǎŜǊǎΩ bŜŜŘǎ 

Analysis Report.  

3.3.3 Lessons Learned 

The VISTE usersΩ ƴŜŜŘǎ analysis workshops were successful in producing results to 

meet the goals of this activity. 

Results included: a list of spatial thinking skills which teachers consider important 

for school inclusion of students with visual impairment; insights on educational 
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practices of teaching spatial thinking skills to students with visual impairment 

(curriculum subjects, grade levels, problems confronted, methods and means used); 

ǘŜŀŎƘŜǊǎΩ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ educational tools relevant to spatial thinking; skills of 

students with visual impairment, including ICT tools. These were evaluated and 

utilized by the experts developing VISTE intellectual outputs, including the VISTE 

pedagogical framework. 

TŜŀŎƘŜǊǎΩ ǎǳƎƎŜǎǘƛƻƴǎ ŦƻǊ (more than 100) new spatial concepts useful for students 

with visual impairment were 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 

implemented in the project. 

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

modules were produced. 

3.4 Exploring New Cartographies for Students with Visual Impairment 

3.4.1 Goals 

New forms of cartographic development and map-making for communicating 

geospatial and thematic information in a variety of ways accessible to students with 

visual impairment have been explored.  

The objectives of the activity were:  

ǒ to explore new technological means and new cartographic variables in a 

multi-sensory approach to account for recent developments in map-making 

styles and techniques for persons with visual impairment; 

ǒ to inform other project activities involving the use of maps (e.g. development 

of the pedagogical framework, educational components, augmented reality 

toolkit). 

3.4.2 Output 

The New Cartographies for the Students with Visual Impairment report reviews 

research progress focusing on two axes: technological advances and cartographic 

principles. The first section focuses on a technology-oriented review of existing 



 

 
Empowering spatial thinking of students with visual impairment 

2016-1-EL01-KA201-023731 

25 

literature on accessible interactive maps until the start of the VISTE project. The 

second section has focused on established cartographic principles and new methods 

that may provide for a multimodal representation of geographic information 

especially in inclusive settings. It also outlines new initiatives and projects for 

providing geospatial information to users with visual impairments based on 

Volunteered Geographic Information. 

3.4.3 Lessons Learned 

Maps constitute an invaluable tool for people with visual impairment, both for their 

mobility and orientation but also for their education in other courses.  

Tactile maps have been traditionally used by educators for years; however, they 

present important shortcomings, both for tactile mapmakers and users.  

Technological advances have shifted the focus from 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 human-computer 

interaction, cartography, auditory display and information design.  

Two families of interactive maps that differ according to the presence or absence of 

a physical representation of the map can be identified (Ducasse et al., 2018). Digital 

interactive maps rely on a digital representation of the map only. Hybrid interactive 

maps rely on both digital and physical representations of the map. These different 

devices come with advantages and shortcomings.  

Interactive raised-Line maps have a high usability and are now being used in 

specialized centers. They necessitate printing raised-line maps in advance. 

Refreshable displays supposedly provide an alternative; however, they are not yet 

available with a sufficient resolution at affordable cost.  

Tangible maps have not been extensively studied so far. With the spreading of 3D 

printers and low-cost prototyping, these devices can be further addressed as they 

provide an appropriate setup to explore and manipulate spatial data without vision, 

especially in collaboration with other sighted or non-sighted users. 
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A fundamental cartographic principle which should underlie the development of 

maps is that users should be able to effectively interpret the conceptualization of 

reality presented; however, this depends on the needs and background of the user.  

The creation of new maps can benefit from existing approaches for the 

standardization of the format, layout, and symbology of maps, the incorporation of 

validated sets of symbols, as well as recommendations 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 information provides a means to substitute vision 

and increase the range of information being 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 design and the suitability of certain 

variables to represent specific types of geospatial information may also be extended 

beyond vision to other modalities as well.  

Maps should be designed for universal legibility and provide for the needs of users 

with color vision impairments. Specialized 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 impairments are scarce. Although 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 Framework 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 education (11-15 

years old), as well as teachers and other staff involved in their education.  
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The goals of the activity have been: 

ǒ To develop a conceptual base of strategies and tools for encouraging spatial 

thinking in students with visual impairment 

ǒ To identify and document specific instructional planning strategies for 

developing spatial thinking 

ǒ To support school professionals to implement educational activities which 

enable spatial thinking, taking into account the specific challenges of visual 

impairment 

ǒ To outline best assessment strategies to enhance spatial thinking for students 

with visual impairment 

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

thinking abilities in different contexts. 

3.5.2 Output 

The VISTE Pedagogical Framework report, discusses the reasons and strategies for 

teaching spatial thinking, the role of orientation and mobility instruction, the spatial 

thinking building blocks (concepts, representation tools and reasoning tools) and 

Ƙƻǿ ǘƘŜǎŜ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ, ultimately leading 

to the proposal of an inclusive education framework based on distinct pedagogical 

principles, an inquiry-based learning framework and integrating innovative 

technologies. The pedagogical framework formulated utilizes ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǳǎŜǊǎΩ 

needs analysis, crosscuts 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 principles constitute the pillars of the VISTE approach. These are 

presented in Table 1. 

Past experience indicates that Inquiry-Based Learning framework is well-suited to 

fostering spatial thinking in educational settings. In Inquiry-Based Learning, learners 

work together to solve problems, rather than receive direct instructions from the 

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

digital tools. 

Teaching strategies most popular among teachers of students with visual 

ƛƳǇŀƛǊƳŜƴǘΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŀƭȅǎƛǎΣ Ŏŀƴ ǎǳǇǇƻǊǘ ƛƴǉǳƛǊȅ-based 

learning in an inclusive education environment: using real objects (to conduct an 

experiments, to formulate an arguments, etc); learning by doing (fieldwork, 

experiential learning, lab experiments, research projects); multisensory 

manipulation of objects representative of their category (3D models, tactile graphs, 

etc). 

Inclusion can be facilitated by adaptations of the environment and 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 to Braille; conformance with accessibility standards, etc. 
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VISTE Pedagogical Principles 

1. Intuitive learning: Any process of knowledge is based on perception, and students need 

intuitive support in understanding and assimilating new knowledge / information, 

especially regarding spatial concepts. Intuition plays a compensatory role in students with 

visual impairment, creating active mental images / representations with which to operate 

at a conceptual level.  

2. Active participation: Visually impaired students should evolve from being the subject of 

learning to the subject of their own formation and their own development process is based 

on their intellectual and physical activity. Students can overcome specific difficulties in 

acquiring spatial concepts by actively participating in specific instructional activities. 

3. Accessibility: A rich material base must cover all relevant aspects from the instruction 

plans in an accessible way with emphasis on conveying information in alternative, adapted 

modalities, overcoming difficulties raised by visual impairments. Furthermore, teaching 

materials should always establish the correlation between simple and complex, known and 

unknown, particular and general, concrete and abstract.  

4. Unique students with unique needs: Every visually impaired student has unique, 

interests, abilities, character traits, motivations and learning needs. Furthermore, the ways 

ƛƴ ǿƘƛŎƘ ǘƘŜǎŜ ǎǘǳŘŜƴǘǎ άǎŜŜέ ǘƘŜ ǿƻǊƭŘ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ǇŀǊǘƛŎǳƭŀǊ Ǿƛǎƛƻƴ ŦǳƴŎǘƛƻƴƛƴƎ 

which differs substantially from one child to another. Teaching strategies must take into 

account all individual particularities in order to develop effective spatial thinking abilities.  

5. Diversity: Educational activities must cover a wide range of instructional strategies and 

should be designed to take into account the diversity of student to whom they are 

addressed. Providing alternative ways to explore a particular subject based on individual 

strengths and prior achievements enable visually impaired students to grasp new 

knowledge, including spatial concepts effectively.  

6. Access and Participation: All visually impaired students must be included in adapted 

instructional activities in order to fulfill their educational needs. Spatial related notions and 

abilities should be taught keeping in mind that all students can use their residual vision or 

other compensatory techniques in order to reach adequate levels of cognitive operation 

with spatial concepts.  

Table 1. The pedagogical principles underlying the VISTE approach 

 

Additional adaptations/tools proposed by teachers include using 3D models and 

graphs (by far the most popular answer); using semantic networks or maps to 

connect an idea to related ideas; breaking tasks into subtasks ǘƻ ŀŘŘǊŜǎǎ ǎǘǳŘŜƴǘǎΩ 

attention and working memory capacity. 

To support inquiry-based learning, it has been proposed that teacher and learner 

activities be described in VISTE educational scenarios as an iterative process 
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consisting of distinct phases, ŎƻƴǎǘƛǘǳǘƛƴƎ άpre- visitέΣ άǾƛǎƛǘέ ŀƴŘ άǾƛǎƛǘ stepǎέ and 

breaking down the learning process into subtasks.  

Computing technologies can make a learning environment more learner-centered, 

motivate students, ƘŜƭǇ ǘŜŀŎƘŜǊǎ ŀŘŘǊŜǎǎ ǎǘǳŘŜƴǘǎΩ ŘƛŦŦŜǊŜƴǘƛated needs and benefit 

inquiry-based learning. For inclusive education, the use of technology is sine qua 

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

new skills, interact with other students and teachers, thus leading them to successful 

inclusion. 
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4 THE AUGMENTED REALITY TOOLKIT 

4.1 Introduction  

The Augmented Reality (AR) Prototype serves two purposes. First, 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 participatory 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 augmented reality 

framework PapARt (Laviole & Hachet, 2012), previously developed by the partner 

team at INRIA Bordeaux and commercialized by the company RealityTech3. The 

system provides different ways to interact with it: tangible interaction using physical 

objects, touch-based 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 the on-going identification, update, and integration of multi-

perspective and multi-user 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 camera and loud speakers (see 

Figure 10). Several versions of the hardware have been built. The latest version uses 

an ASUS P3B short throw 720p projector, and an Orbbec ASTRA camera (combining 

depth and color camera). 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 

                                                      
3
 http://rea.lity.tech/     

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-

calibrated hardware. The software is implemented as a Processing library that 

abstracts hardware and enables the creation of "paper touch screens". The system 

tracks visual markers on paper sheets (see Figure 10) and projects on this sheet. Using 

the depth camera, 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 Figure 11. 

 

Figure 11. PapARt hardware 

4.3 Functionality of the Augmented Reality Prototype 

The system augments existing tactile O&M tools such as raised-line 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 for the prototype: Exploration Mode, Construction Mode 

and Quiz mode (Albouys-Perrois et al., 2018; Thevin & Brock, 2018).  

Exploration Mode 

In exploration mode, our prototype enables visually impaired students to explore 

existing maps by combining raised-line maps with audio output and projection (see 

Figure 12). Users explore the tactile map with both hands as they are accustomed to. 
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Complementary visual information is projected on the raised-line map, for the 

benefit of low vision students. Students can obtain an audio description by simply 

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

 

Figure 12. Exploration Mode: a raised-line 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 step-by-step learning scenario, and our 

augmented reality prototype follows this 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 these starting 

elements (see Figure 13).  
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Figure 13. Construction Mode: augmenting a magnet board with projection and audio feedback. Wikki 

Stix are used to represent line elements and magnets with foam paper to represent points of interest 

 

The student then places elements on the map: magnets with foam paper for Points 

of Interest (POIs), and Wikki Stix for road elements. For POIs, 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 audio description. 

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 study has 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 placed, a beep 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 

technique has been designed, as it allows users 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 correct, the computer 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 audio-content can evolve in 

the same session (e.g. the quiz getting progressively more difficult).  

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 students participated in 

the user study (for more details see Albouys-Perrois 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 exploration mode we used a raised-line map showing the train station of 

Bordeaux. This map has been drawn and printed on swell-paper by a transcriber in 

the special education center IRSA4. The train station scenario was chosen as it is 

interesting for the students 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. service for travellers with special needs, ticket store). For the 

construction mode, we used a step-by-step learning scenario written by the O&M 

instructors (as provided on the VISTE platform). This scenario corresponded to the 

itinerary from a central square (Quinconces) 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 measuring 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. Effectiveness for 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/cses-alfred-peyrelongue 

http://www.irsa.fr/cses-alfred-peyrelongue
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number of repetitions of instructions. Satisfaction was measured across both 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 map showed 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, participants had 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, participants were 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 the shops, 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 map and participants 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 distance estimation). 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 choice replies for 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 and to react 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. Students 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 

questionnaires. We also asked 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 how to improve 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 the 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 question. 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 = 7.27, min = 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 4 is 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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questions 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 exploration mode has been done beforehand). Data were 

normally distributed (Shapiro-Wilk; W = 0.93; p = 0.48). A t-Test 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 use of construction 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. On average, 

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 effectiveness of the construction mode: the number 

of times participants 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 two times (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 mode (SD 2.32). 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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Figure 14. Results of the SUS Questionnaire 

 

Satisfaction was measured with the standardized SUS and UEQ questionnaires. The 

results from the SUS are shown in Figure 14. 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 UEQ provides 6 measures: attractiveness, perspicuity, efficiency, dependability, 

stimulation and novelty. Results are "excellent" for all measures, except for the 

"Perspicuity" which is "good" (Figure 15). The problem for this item may be the 

quality of our Text-to-speech synthesis (TTS), as the participants reported issues with 

it.  

 

Figure 15. Results of the UEQ 
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We also gathered qualitative feedback. Participants were generally enthusiastic 

about the prototype. One participant did 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 over Braille text 

(Brock et al., 2015). 5 students liked the construction mode 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 the help 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 using 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 participants bent 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 points as 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, Braille reading skills and use of assistive technology. Indeed, 

we observed large discrepancies among participants (Figure 16). Legally blind 

participants (P1 and P6) were not the ones who required the most time; however 

they were among the ones with the most errors. P7, a low-vision student, was the 

quickest 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 incoherent replies marked as critical by the UEQ 

questionnaire 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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Figure 16. 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 photosensitive and the projection was hurting him. Our system allows switching 

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 conducted additional studies, which we submitted as scientific contributions but 

which have not yet been published. The first additional study explores further the 

mechanisms of content creation by professionals (Figure 17). The user can use the 

creation mode and draw the interactive zone with the finger. A microphone allows 

registering speech and audio content. The content is usable immediately.  
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Figure 17. A teacher draws directly interactive zones on a tactile map with his finger, and records the 

associated audio-feedback, making it accessible to students with visual impairments. Touching the 

same zone later will launch the recorded audio-feedback. 

 

We also proposed X-Road, an inclusive VR street simulator for O&M classes (Figure 

18). The system provides audio and visual feedback in 3D, via a smartphone 

application.  

Finally, we also used the PapARt prototype to augment board games (Figure 19)5. 

The same techniques as for maps mentioned above are used to provide spatial 

information. 

 

Figure 18. Top left: The system provides an audio-visual 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: The X-Road prototype consisting of a headset, 

                                                      
5
 Collaboration with the French ANR project Accessimap https://www.irit.fr/accessimap/en/english-

version. 

https://www.irit.fr/accessimap/en/english-version
https://www.irit.fr/accessimap/en/english-version
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smartphone and 3D-printed 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. Left: top view of a simulation representing a traffic light crossing. 

 

Figure 19. The augmented existing board games using spatial augmented reality to detect touches 

and pawns' positions. The combination of analogical tactile feedback, a classical adaptation technique 

related to visual impairments, and digital audio feedback, used in digital accessibility, makes the game 

inclusive and fosters social interaction. 

4.6 Lessons Learned: Audio-tactile interactive content 

4.6.1 Types of interactive feedback 

Our first work as presented above (Albouys-Perrois et al., 2018) uses 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 this case 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 propose 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 mode) is about providing audio questions 

όŜΦƎΦ άtƻǎƛǘƛƻƴ ǘƘŜ ǘǊŀƛƴ ǎǘŀǘƛƻƴ ƻƴ ǘƘŜ ƳŀǇέύ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ŘƛǊŜŎǘƛƻƴŀƭ ŎƻǊǊŜŎǘƛƻƴǎ 

όŜΦƎΦ άaƻǾŜ ȅƻǳǊ ŦƛƴƎŜǊ ƻƴ ǘƘŜ ƭŜŦǘέύΦ Lǘǎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ǎǇŀǘƛŀƭ ǘǊŀƛƴƛƴƎ ƛƴ ŀ 

more lucid manner.  
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4.6.1.3 Exploration mode used as quiz 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 

in ciǘƛŜǎ ŦƻǊ IŜǊŎǳƭŜǎΩ ǘǿŜƭǾŜ ǿƻǊƪǎΣ ǘƘŜƴ ŀ ƳŀǇ ǿƛǘƘ ǉǳŜǎǘƛƻƴǎ ό ά²Ƙŀǘ ƛǎ ǘƘŜ Ŏƛǘȅ 

ƘŜǊŜέΣ άǿƘƛŎƘ ƳƻƴǎǘŜǊ ǿŀǎ ƪƛƭƭŜŘ ōȅ IŜǊŀŎƭŜǎ ƘŜǊŜΣ ƛƴ bŜƳŜŀΚέύΦ ¢ƘŜ ǘŜŀŎƘŜǊǎΣ ƴƻǘ 

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 are defined as closed areas (unlike lines which are open 

ended). Type of shapes (Concave, convexe, hollow): ultimately, the created shapes 

should be possibly convex (e.g. rectangle station), concave (e.g. building in L shape or 

X crossing), and even hollow (e.g. a stadium or a building with an atrium). 

Behavior in exploration mode: in exploration mode the audio caption is played 

when the finger is detected inside the shape. 

Behavior in quiz mode: in 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 shape). 

Advanced use: In 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 

άƭƻƭƭƛǇƻǇ ǎƘŀǇŜǎέ όǎŜŜ CƛƎǳǊŜ 20). 
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Figure 20. With convex shapes, it is not possible 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 

ƛƴǎǘŀƴŎŜ άƭŜŦǘ ƭŜŀŦέύΣ ǳƴƭŜǎǎ ƻǘƘŜǊ ŎƻƴǘŜƴǘ ƛǎ ŀƴƴƻǘŀǘŜŘ ǿƛǘƘ ŀ ŎŀǇǘƛƻƴ όƳƛŘŘƭŜΣ ǘƘǊŜŜ ƭŜŀǾŜǎ ŀǊŜ 

aƴƴƻǘŀǘŜŘ ǘƘŜ ǎŀƳŜ ŎŀǇǘƛƻƴ ŜΦƎΦ άƭŜŀŦέΣ ŀǎ ǿŜƭƭ ŀǎ ōǊŀƴŎƘŜǎ ƛƴ ōŜǘǿŜŜƴύΦ ²ƛǘƘ ŎƻƴŎŀǾŜ ǎƘŀǇŜǎ ƛǘ ƛǎ 

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 
Characteristics: lines are defined as wire elements without surface, with a beginning 

and an end (unlike zones). Type of lines (Wire, Loop): the lines can start and end at 

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

Behavior in exploration mode: in exploration mode the audio caption is played 

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

Behavior in quiz mode: in quiz mode the audio question is played, and the answer is 

corrected if the finger is first detected close (0,25 cm) to the beginning point, 

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 use: In 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 

ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŎǊŜŀǘŜ άƎƻŜǎ-through-ŀƭƭ ƭƛƴŜǎέ όǎŜŜ CƛƎǳǊŜ н1).  
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Figure 21.  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 for instancŜ άǎǘǊŜŜǘ /έΣ ŀƴŘ Ǉƻǎǎƛōƭȅ ǊŜƭŀǘŜŘ 

ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ άƎƻ ŦǊƻƳ ! ǘƻ . ōȅ ǘƘŜ ŜŀǎǘŜǊƴ ƧƻǳǊƴŜȅέύΦ ²ƛǘƘ άƎƻ-through-ŀƭƭ ƭƛƴŜǎέΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ 

ŀƴƴƻǘŀǘŜ ŀƴ ŀǊŜŀ όǊƛƎƘǘΣ ƻƴŜ ƭƛƴŜ ƎƻŜǎ ǘƘǊƻǳƎƘ ŀ ǎŜǘ ƻŦ ǎǘǊŜŜǘΣ ŀƴƴƻǘŀǘŜŘ ŦƻǊ ƛƴǎǘŀƴŎŜ άǇŜŘŜǎǘǊƛŀƴ 

ŀǊŜŀέΣ ŀƴŘ ƛǘ ŀƭƭƻǿǎ ŀƭƭ ǘƘŜ ŎƻǊǊŜŎǘ ŀƴǎǿŜǊǎ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ άƎƻŜǎ ŦǊƻƳ ! ǘƻ .έ ǿƛǘƘƻǳǘ ǎǇŜŎƛŦȅƛƴƎ ŀ 

particular solution). 

   

4.6.3 Types of audio feedback 

Different types of audio feedbacks can be associated to interactive zone: text-to-
speech, pre-registered audio files, and registering on the fly. 

4.6.3.1 Text-to-speech 
Text-to-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 feedback 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 disappoint teachers (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. 

Text-to-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 text-to-speech synthesis in an AR system using the 

keyboard is not very convenient. Moreover, using text-to-speech audio-content is 

not easy for some languages. We found TTS for Danish, Dutch, English, French, 
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German, Italian, Japanese, Korean, Luxembourgish, Norwegian, Polish, Portuguese, 

Russian, Slovak, Spanish, Swedish, Telugu, Turkish and Ukrainian6. TTS also does not 

allow adding non-verbal sound (e.g. 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) or for story telling (mythology). 

4.6.3.2 Pre-registered files 
Pros: Pre-registered files allow verbal, nonverbal and text-to-speech recorded sound 

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

Cons: Such audio feedback is not easy to modify, as it requires generating a new 

registered feedback which may also require specific equipment. It may necessitate 

navigating in the file system of a computer to replace the audio files, therefore losing 

a bit of the interest of using AR. Moreover, it requires a lot of storage. 

4.6.3.3 On the fly 
Pros: On the fly registration allows verbal, nonverbal and text-to-speech recorded 

sound to be played. Any languages, prosody and non-verbal sound can be played. It 

is possible to change the content during the use of the 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. Pre-registered sound can be added manually or be played to be re-

registered by the microphone. This approach also requires implementing registration 

features integrated to the application. 

4.6.4 Types of tactile content 

The audio feedback should be compatible with multiple tactile contents such as 

presented above. 

                                                      
6 With Google Cloud https://cloud.google.com/text-to-speech/docs/voices, MaryTTS 

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

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
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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 text-to-speech 

synthesis. 

4.6.4.2 Handmade tactile graphics 
Lots of tactile graphics are handmade. For instance, we composed graphics using 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 computer (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 audio-tactile systems 

From the state of the art, we identified that in most prior work on audio-tactile 

media; the research team decides on the AR content and media meaning that no 

participatory design is followed. Another field proposes authoring tools for audio-

tactile media but constrains to one type of tactile media only. For audio-tactile 

media to go out-of-the-lab, the real end users (i.e. teachers and visually impaired 

students) should create their own audio-tactile graphics, keeping the flexibility on 

tactile support and augmenting it easily with audio feedback. 

4.6.5.1 Interest in using 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 to add 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 from the previous works in content creation for 

audio-tactile systems. The first element is that the current techniques use a GUI. 

Therefore, it requires changing devices between the computer for the content 

creation, and the prototype for content. In these conditions, 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 

working on a picture of the tactile support, and not directly on the tactile 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 the touch-screen 

ƳŜǘŀǇƘƻǊΣ ǿŜ ƛƴŦŜǊ ǘƘŀǘ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ōŜ ŀōƭŜ ǘƻ άŘǊŀǿέ ƛƴǘŜǊŀŎǘƛǾŜ ȊƻƴŜǎ ƻƴ ǘƘŜ 

ǘŀŎǘƛƭŜ ƎǊŀǇƘƛŎǎ ǿƛǘƘ ƻƴŜΩǎ ŦƛƴƎŜǊΦ 

4.6.5.2 Coloring 
With the touch-screen metaphor, the user should keep the possibility to color the 

inside of the shape (Figure 22). Coloring the shapes allows selecting larger areas with 

the same interactive content.  

  

Figure 22. Example of results of techniques to create shapes (top) depending on the finger movement 

(bottom).  The solution is to detect closed shapes for filtering coloring 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 the finger is detected 5mm too far in one 

direction when creating a zone, the finger will be detected with the same offset 

when touching the element during exploration (Figure 23). In GUI zone definition, 

the interactive zone is drawn precisely on the element, while 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 






























































































































