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Sammanfattning 
Det finns begränsad tillgång till pussel för personer med synfel (inklusive blinda personer). För 

att undersöka behovet av potentiella användare i 3D kartpussel och identifiera deras preferenser, 

behov och krav, användes en kvalitativ metod som på engelska kallas ”participatory design”. 

Projektet utfördes i Kreta och alla deltagare kom från ön. 

Då Icke-standardiserade subjekt användes i forskningsprojektet användes lämpliga tillgängliga 

metoder och kommunikationsvägar för att anpassa studien för denna grupp. Stor vikt lades ner på 

bakgrundsstudier, inklusive intervjuer med experter och undersökning av befintligt material 

inom detta ämne.  

För att underlätta förståelsen av konceptet och skapa en gemensam referensram för alla deltagare 

gjordes funktionella 3D prototyper av  kartpussel föreställande Kreta. Prototyperna gjordes i trä, 

antingen tall eller MDF. Därefter organiserades fokusgrupper och intervjuer. I fokusgrupperna 

deltog vuxna och barn med synnedsättning. Aktiviteterna var scenariokreation, utvärdering av 

användarvänlighet och en enkätundersökning som fylldes in av de som kunde (personer med 

tillräckligt god syn).  

Data som samlades analyserades med hjälp av kvalitativa och kvantitativa metoder. Resultatet av 

testerna visade potentiella användarvänlighetsproblem för prototyperna, de flesta relaterade till 

synskadade individers erfarenheter av linkande produkter. Dessutom identifierades deltagarnas 

preferenser och behov angående temat, storlek, material, typ av samband och andra faktorer av 

pusslet.  

Resultaten visar att osäkerhet eller brist på bekräftelse huruvida pusselbitarna var lagda rätt eller 

fel var den största svårigheten bland deltagare med synnedsättning. Den mest populära metoden 

för låsning av pusselbitarna bland de med synnedsättning var ”fit in a frame” och ”magnets”. 

Majoriteten av deltagarna uppmuntrade att lägga till färger på pusslet och markera olika städer. 

Sex av åtta deltagare var intresserade av att köpa pussel liknande det som de testat. 

Av 22 icke synskadade personer svarade nio av dem att det är möjligt att de skulle köpa pusslet 

och elva svarade att det är väldigt möjligt att de skulle köpa tredimensionella pussel. Mer än 

hälften såg färger som ett tilläggselement på pusslet. De två mest populära låsningsmetoderna 

var ”loose contact” och ”fit in a frame”. Angående materialvalet, togs trä emot väl av både 

synskadade och icke-synskadade testpersoner. Träprototyper  var dock det enda tillgängliga 

under testet. 
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Deltagare gav flera förslag angående temat, storlek och extra egenskaper för produkten. Det 

resulterade i att många idéer genererades under ”workshopen”. Utfall, problem och 

begränsningar relaterade till de använda metoderna diskuterades och rekommendationer för 

framtida studier gjordes. 

Nyckelord: Participatory design, 3D pussel, 3D kart, taktil karta, synskadad, blind, 

scenariobaserad design, fokusgrupper, universell design, utvärdering av användarvänlighet, 

användbarhetstest. 
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Abstract 

There are a limited number of puzzles accessible to visually impaired people (including the blind 

population) and also limited 3D map-puzzles available in the market. In order to explore the 

interest of potential users in 3D map-puzzles and identify their preferences, needs and demands, 

a participatory design approach was adopted. The project took place in Crete and all participants 

came from the local population. 

Because of the non-standard population included in this research project (visually impaired 

people) accessible methods and means of communication had to be selected. Therefore an 

extensive background research was performed, including interviews with experts and a thorough 

study of existing knowledge and previous research in related fields.  

Aiming to facilitate understanding of the concept and to provide a common point of reference for 

all participants, functional prototypes of a 3D map-puzzle of the island of Crete were developed 

and manufactured. Prototypes were made of wood, either Pine or MDF. Subsequently, focus 

group and interview sessions were organized. Visually impaired and sighted, adults and children, 

participated in these sessions which included usability testing of the prototypes, scenario creation 

and a questionnaire (for the sighted participants). 

Data collected in the conducted sessions were analyzed using qualitative and quantitative 

methods. The results revealed usability problems of the prototypes and provided signs of 

potential problems, most of them related to the use of similar products by visually impaired 

individuals. Additionally, preferences and needs of the participants about the theme, the size, the 

material, the type of connection and other elements of the puzzle, were identified. 

According to the findings, the most severe problem, occurring when visually impaired 

participants tried to assemble the puzzle, was the uncertainty or “lack of confirmation” whether 

pieces were assembled in the right way or not. The most popular connection types among 

visually impaired participants were “fit in a frame” and “magnet”. Additionally, the majority of 

visually impaired participants were in favor of adding colors on the puzzle and marks for the 

different cities. Regarding buying interest, six out of eight visually impaired participants stated 

that they would buy a puzzle like the one they tested. 

Out of the twenty-two sighted participants, nine answered that it is “possible” and eleven 

answered that it is “highly possible” to buy a 3D map-puzzle. More than half of the sighted 

participants selected colors as an additional element on the puzzle while the two most popular 

connection types were “loose contact” and “fit in a frame”. Regarding the material of the puzzle, 
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wood was well accepted by both sighted and visually impaired participants. However, only 

prototypes made from wood were available to the participants.  

Additionally, participants made various suggestions regarding the theme, the size and additional 

elements of a 3D puzzle. As a result, many ideas were produced during the sessions. Eventually, 

outcomes, problems and limitations related to the methods used during the study were discussed 

and recommendations for future work were made. 

Keywords: Participatory design, 3D puzzle, 3D map, tactile map, visually impaired, blind, 

scenario based product design, focus group, universal design, usability testing. 
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FOREWORD 

 

 

“Blind people are not people with limited abilities but people with limited opportunities”. This is 

thought-provoking quote by Lambros Paraskevas, president of society for people with visual 

impairment in the District of Magnesia, Greece. Unfortunately, it seems to provide a realistic 

description of the current situation in Greece (and I believe also in other countries) regarding the 

opportunities that people with special needs, have in life. This project is a very small reaction to 

this phenomenon. I am deeply grateful to the following people (in no particular order) who made 
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Carl Michael Johannesson, my supervisor at KTH, for his valuable advice, suggestions and 

patience throughout the project. 
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Julia Garde, at the University of Twente, for introducing me to the magic world of participatory 

design and scenario based product design. 

My family, Kostas, Melanthia, Katerina and Stavros for everything. 

Kostas Tsigenis, for believing in the project, welcoming me in his company and providing the 

human and material resources for building the prototypes. Andreas Koutsakis, for providing 

valuable advice, building the prototypes in time and giving some of his personal time on the 

project. Additionally, all my colleagues at Tsigenis Woodcraft for their help and hospitality. 

Mariam, for always reminding me to take a break and for making these breaks more beautiful. 

Chris Kostoulas, KTH, for his valuable assistance with the graphs, his provoking comments, his 

friendship and hospitality. 

Maria Salli, for her assistance and for putting me under pressure. 

Nikolas Alexiou, for the ice-breaking games and his assistance during the project. 

Nikos Nikiforakis and Jiannis Marakis for their overall help and assistance in the recruitment. 

Nektaria Xohaki, and her family, for their valuable assistance and connections. 

Giorgos Kastrinakis, for his assistance and advice in the beginning of the project. 

Athanasia Kotsanpapa, for accepting me in her classroom and providing valuable assistance. 

Chara Klinaki, for her advice about the project and her assistance in recruiting participants. 

Panagiotis Grammenidis, and all the member and employees of the Cretan Union of the 

Panhellenic Association of the blind.  

Eva Tsihlaki, Paraskevas Thymakis and Manos Tsitsiridakis, for their assistance and ideas. 

Labyrinth Game Club, for their support and assistance and for “letting me in the Labyrinth”. 

All participants, for their assistance and cooperation and for providing their precious time for the 

needs of this project. They provided the most valuable input for this project. 

Vassilis Alexandrakis 

Heraklio, June, 2016 
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NOMENCLATURE 

In this page abbreviations used in the report are explained in order to facilitate reading. 

 

Abbreviations 

 

(F) Female 

FG Focus Group 

ID Intellectual Disability 

(M) Male 

n/a Not Answered 

O&M Orientation and Mobility 

PD Participatory Design 

R&D Research and Development 

r.n. Researcher’s Note 

SET Special Education Teacher 

SD Standard Deviation 

VI Visually Impaired 

 # Number 
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1  INTRODUCTION 

The background, the purpose and the limitations of this research project along with the methods 

used to achieve the defined goals, are presented in this chapter.  

1.1 Background 

This research project was an idea that the researcher came up with, when the company Tsigenis 

Woodcraft offered an internship place to the researcher. Tsigenis Woodcraft is a small size 

enterprise (<50 employees), located in Crete, specialized in wooden household furniture, 

professional and hotel equipment. The researcher was offered a place in the design and R&D 

department, where cooperation with three experienced furniture designers was possible. 

However, the area of research was not limited to furniture and the researcher was given freedom 

to choose the area of interest. 

After examining several possible areas of research in the woodcraft industry and considering the 

available facilities in the company, the researcher, a puzzle lover himself, decided to develop a 

prototype of a 3D map-puzzle. This prototype would be subsequently tested by potential users in 

order to identify their preferences, needs and demands for similar products. The initial idea was 

to test this prototype with sighted users but after realizing that a 3D puzzle can be also used by 

visually impaired users, there was a change in direction. Tsigenis Woodcraft does not perform 

any user research and focuses on contract furniture. Therefore the research approach was based 

on the researcher’s experience and study of related scientific literature. 

In countries like Greece where prejudice and discrimination against people with impairments 

still exists, in addition with low levels of social care and support (Kapa-Research, 2013) visually 

impaired children and adults can feel socially excluded. When searching for games and puzzles 

that are suitable for visually impaired people, the variety of options seems limited. Until recently, 

according to Jones & Lederman (2006), designers having limited knowledge in the field of 

tactility, produced tactile graphics as raised replicas of visual representations assuming that the 

haptic and the visual system function in a similar way. As a result, three-dimensional depictions 

of any subject are not widely available and three dimensional puzzles, accessible to visually 

impaired people, are extremely hard to find. A visit in a local store or an online search could 

confirm this. However several websites provide ideas and guides on how to modify some games 

and puzzles to make them accessible and interesting for users with limited or no sight.  

After a long research, performed mainly on the Internet, only two related design projects were 

discovered. The first one is a concept called “Perspectives Puzzles” (figure 1) and it was 

published online on December 19, 2011 by Jacqueline Tollington (2011).  According to 

Tollington (2011) “this tactile puzzle was designed as a mapping aid for the visually impaired. 

The puzzle is supposed to be an accurate depiction of a geographical location and it can be 

ordered to be made in the likeness of any location in the world”. A visually impaired user, by 

putting the pieces together can physically relate to the depicted location. However, this puzzle is 

currently a concept and it cannot be purchased yet. According to the webpage 

www.coroflot.com/jtollington/Perspectives-Puzzles, although it is not stated clearly, the puzzle 

was co-created with a visually impaired person. A design criteria board, a scenario of use and an 

empathy study were also made for this concept. Two attempts to communicate with Tollington 

by e-mail were made by the researcher on April 16, 2015 and on May 9, 2015 but there was no 

response. 

The second related design project, found online, is a concept called “3D puzzle (for the blind)” 

(figure 2) by Netali Hernadez (2013), published online on March 4, 2013. According to the 

webpage, “the purpose of the puzzle is to enhance our sense of touch and not our sense of sight” 
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and “although it would be much easier for a blind person to put it together, it is a fun challenge 

for everyone”. Hernandez (personal e-mail communication, April 28, 2015) notes that the source 

of inspiration was “sitting at the pool touching the little waves, and feeling how smooth they 

were and I wanted to freeze the waves somehow” and also an episode from TV show “Blind 

date” where people experienced food and had conversation in a restaurant in complete darkness. 

Hernandez further states that many people tried a prototype of 9 pieces and find it “extremely 

difficult to put it together right because each piece has 4 possible sides and it is very shallow so 

the differences in surfaces are sometimes very delicate”. A prototype of 16 pieces is currently 

under development (personal e-mail communication, April 28, 2015). 

 

Figure 1. Perspectives Puzzles by Jacqueline Tollington (2011). 

       

 

    Figure 2. A prototype and a 3D rendered model of the “3D puzzle (for the blind)” by Hernandez (2013). 

1.2 Problem Definition 

There are currently limited puzzles accessible to visually impaired and blind people. 

Additionally there are limited 3D map-puzzles available in the market. Is there an interest from 

visually impaired, blind and sighted users for 3D map-puzzles? What are the preferences, needs 

and demands of visually impaired, blind and sighted users for a 3D map-puzzle? There is lack of 



 15 

information in this field as no previous related research was found. A study, where sighted and 

visually impaired people test a prototype of a 3D map-puzzle and participate in the development 

of specifications for similar products, will be performed.   

1.3 Purpose and Objectives 

The purpose of this study is to explore the interest of visually impaired and sighted users for 3D 

map puzzles and identify their preferences, needs and demands for this kind of products.  

In order to achieve this purpose, the following objectives are defined: 

 A concept is developed and prototypes are manufactured in order to be tested by potential 

users. 

 Interviews with experts in blindness, representatives of the blind community and also 

special education teachers are conducted. 

 Focus groups, interviews and usability tests with sighted, visual impaired and blind 

children and adults are conducted. 

1.4 Requirements 

In order to reach to the above mentioned purpose, the following requirements were specified for 

the project: 

 Four to six prototypes of the same model will be manufactured in order to be used in focus 

groups. 

 Prototypes will have a certain detail level and characteristics allowing them to be 

functional puzzles. 

 At least two pilot tests will be performed, one with a sighted participant and one with a 

visually impaired or blind participant. 

 At least three focus groups with sighted participants will be conducted. 

 There will be at least ten visually impaired or blind participants in the test sessions. 

 At least ten visually impaired or blind participants will be interviewed. 

 Accessible means of communication, suitable tasks and activities have to be selected and 

modified if necessary for the sessions with visually impaired participants. 

1.5 Limitations 

The limitations of this project can be categorized as follows: 

 Material limitations. This project was part of an internship in a woodcraft company. 

Therefore the material used for the prototypes was a type of wood available at the company 

at the time of the prototype building. As a consequence low cost types of wood like MDF 

and Pine (Scandinavian Redwood) were used for the prototypes. Also the available 

dimensions of the wooden material had an effect on the output. For example available 

thickness for MDF was 16-19-25-31mm. Consequently for models with height z>31mm 

the model had to be a combination of different layers glued together or a different type of 

material had to be used. 
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 Software and data limitations. Only software and data described in chapter 

“3.Implementation” were used. The reason for this was the limited availability in software 

licenses owned by the company or the researcher and also the available elevation data for 

the areas of interest. 

 Manufacturing process and tools limitations. Milling of prototypes was made using a CNC 

machining center SCM Tech 80 PLUS and further processing with other available 

equipment. The tools used were the ones available at the time of the project. Because of 

this, there were limitations in the dimensions and the detail of the prototypes. 

 Methodology limitations. Mainly methods presented in the next chapter were used. 

However each method can have several limitations which can be found in the existing 

studies and literature. 

 Audio and video recording equipment limitations. Professional recording equipment was 

not available. Therefore interviews and focus groups sessions were recorded with non-

professional home equipment. 

 Location and target population limitations. This research takes place in Crete, Greece. 

Therefore, only sighted and visually impaired population in this area was invited to 

participate in the focus group sessions. The known population of visually impaired or blind 

children in Crete, who were at the age of 10 or older (in order to have a basic knowledge in 

geography) that were considered as possible participants were less than 10 persons. For 

reasons related with the feasibility of the project considering the available resources, 

children with additional disorders that could impede direct communication with the 

researcher were not included. Therefore, because of the higher availability of visually 

impaired adults more tests were performed with adult population. 

 Time limitations. Focus group with children took place in a public school before the 

summer break. Due to difficulties to organize FG sessions with children outside school 

during the summer (because of schedule conflicts and different vacation dates of families) 

there was only one week available right before the end of period when a focus group could 

be conducted. Additionally, some of the participants were only available at specific dates 

because of similar reasons. 

 Human resources limitations. Some of the methods used like focus groups usually require 

more than one researcher in order to be conducted effectively and yield the best possible 

results. However the whole study was performed by one researcher with occasional help by 

teachers, participants and their families whenever this was possible (providing contacts, 

taking pictures, assisting other participants in FG, etc.) without affecting the validity and 

reliability of the research. 

 Budget limitations. Costs related to the material of the prototypes and their manufacturing 

process, were covered entirely by Tsigenis Woodcraft company. The rest of the research 

project was financed by the researcher. 

1.6 Methods 

Various methods were used for the needs of this project. Among them: 

 Unstructured, semi-structured and structured interviews 

 Prototype building  

 Usability testing 

 Focus group sessions 



 17 

 Questionnaires 

 Scenario building 

These methods were selected as suitable for the different populations (sighted and visually 

impaired participants) and for the available settings (group meetings, home visits) of the 

research. Additionally, the researcher had some experience in these methods from previous 

performed studies and projects. If different methods were selected, more time would be required 

in order to study and practice these methods before applying them in the research setting.  

In the beginning of the project unstructured interviews were used aiming to gather information 

about visual impairments, tactile perception and relief maps from people with knowledge and 

experience in these fields. Data gathered from these interviews along with related literature 

study, helped in the formulation of the research objectives and the selection of a methodology 

and approach to the defined problem. Additionally, the first interviews served as an introduction 

to the local community of visually impaired people and relevant connections were made. These 

connections would be proved very useful during the subsequent stages in the research process. 

Different prototypes were manufactured in order to materialize the developed concept and have 

it tested by potential users. The development of prototypes was considered essential as there 

were no similar products available in the market. Pilot tests of the prototypes were conducted 

with a visually impaired and a sighted user to ensure that the prototype was accessible and 

functional. Questionnaires were selected as a quick and reliable method to collect qualitative and 

quantitative data from sighted participants after testing the prototype. Therefore a questionnaire 

was developed accordingly.  

Focus groups were considered a suitable method for collecting data, feedback and ideas on the 

prototypes from multiple users in a short time. Sighted and visually impaired children and adults 

participated in the focus groups. In order to get feedback on the prototypes from experts in visual 

disabilities, three semi-structured interviews followed. The interviewees were the president of 

the blind union of Crete, a teacher specialized in special education (experienced with visually 

impaired children) and an Orientation and Mobility (O&M) specialist, experienced in teaching 

independent living skills to visually impaired people. Because of the small number of VI 

participants (2 visually impaired children) until this point and the limited availability of children 

with similar characteristics in the area, the possibility of organizing meeting with VI adults was 

discussed during these interviews.  

After contacting sixteen visually impaired people living in Crete, eleven of them agreed to 

participate in the research. The initial attempt was to organize a number of focus groups with 

these participants. However, for some of them it was not possible to travel and furthermore it 

was extremely difficult to find a time and place suitable for the participants to meet in groups. 

Therefore home visits were made to the majority of the participants. In total, eight interviews 

with one individual each and a focus group with three participants were organized.  

Usability tests of the prototypes were conducted during the interviews and the focus groups. 

These tests, apart from revealing problems and weak points of the prototypes (related to the 

design, the selected material, the manufacturing method etc.), were also a medium for potential 

users to explore a product they probably had not used before and become familiar with it. In this 

way, subsequent ideas and suggestions by participants and also their preferences on 

characteristics and features of the product could become more coherent, relevant and substantial.  

Scenario creation was included as a task for participants in the interviews and focus groups. By 

creating scenarios and stories around the product and themselves (or an imaginary character) 

participants could envision the current and future use of the product. In this way, a dialogue 

between the participants and the researcher could begin, facilitating communication and making 

unknown or misinterpreted information related to the use of the product and associated 

(dis)abilities, habits and activities of participants, more clear. Furthermore, by thinking about 
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detailed scenarios of use and possible ways of interaction with the product, participants could dig 

out needs or desires which were not visible and explicit to them before. Scenarios created by 

potential users can be of great importance and value, especially in this case where one of the 

target groups for the product is visually impaired individuals. Since this target group interacts 

with the product in a different way than the designer, using different senses, their stories 

regarding the use of the product can provide substantial information to the designer, which may 

not be accessible with other methods. A different way to acquire data provided in scenarios 

would be to observe closely potential users while they interact with the puzzle, in different 

occasions and in different places. Even if this could be possible, it would require significant 

more time and other resources.  

Data collected through the above mentioned methods were further processed and analysed. 

Transcriptions were created from video and audio recordings in order to extract qualitative and 

quantitative data for further analysis. In many cases the actual quotes from participants are 

presented to provide a vivid and unfiltered point of view about the prototypes along with 

participants’ needs, ideas and demands for an accessible and useful final product. Related theory, 

existing knowledge and experience from previously performed research, on which this project 

was based on, is presented in the following chapter. 
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2 FRAME OF REFERENCE 

The reference frame is a summary of the existing knowledge and former performed research on 

the subject. In this chapter, the theoretical reference frame, on which the current research and 

the analysis of results were based, is presented. 

2.1 Introduction 

Several of the methods and approaches (Participatory Design, Scenarios, Usability Testing and 

Focus Groups) discussed in this chapter have been applied extensively in fields like Software 

Development, Human-Computer Interaction, Nursing and Health research. Therefore numerous 

of research examples and references come from these fields. Nevertheless, even if related 

experience and paradigms may not originate exclusively from Product Design, they can enrich 

the existing background of theory and methodology in this field. In general, it can be claimed 

that research would not advance to the same level and as rapidly without the contribution of 

different fields. According to Feller and Stern (2006) “scientific advances are most likely to 

arise, or are most easily promoted, when scientists from different disciplines are brought together 

and encouraged to free themselves from disciplinary constraints”. 

2.2 Blindness and Perception  

Terms like “visual impaired” or “blind” are used with different meanings in literature. Related 

legislation can also be different among countries. In some cases “visually impaired” and “blind” 

are used as terms to indicate two different categories of visual impairement with the term 

“visually impaired” indicating in general “low vision” and the term “blind” indicating 

“functional blindness” [for example, see National Federation of the blind (2016) and Dion, 

Hoffman and Matter, (2000)]. However, in the majority of studied literature for this project the 

term “visually impaired” includes the category of blind people [see for example Cox and Dykes 

(2001), Swedish Association of the Visually Impaired (2013) and World Health Organization 

(2014)]. Therefore, for convenience reasons and because of the ambiguous use of these terms 

from some sources, for the rest of the report the term “visually impaired” may also include blind 

people and the term “blind” may be used to describe visually impaired people in general. In 

specific cases in chapters 3,4,5 a participant may be characterized as “blind” instead of “visually 

impaired” to indicate that this specific participant has only light perception (no more than the 

ability to say if it is day or night) or less visual acuity and no functional vision. 

Tactile perceptual field is limited in comparison with visual field. The same applies to tactile 

spatial acuity. The smallest distance between two points that are in contact with skin, in order to 

be experienced as two separate tactile sensations, is approximately 2-4mm on the fingertips and 

10-11mm on the palm (Jones & Lederman, 2006). Despite the fact that tactile perception uses a 

spatial mode like vision, it is developed from discontinuous, successive information in 

unstructured “gestalts” (forms, shapes) (Verjat, 1988). The resulting perception is a 

reorganization of sensations which is successive but fragmented in space. On the contrary, visual 

perception permits a continuous, parallel and independent processing of visual features (size, 

colour, position, etc.). When a blind person uses both hands on a Braille text or tactile map, this 

perception of space exploration in parallel is partially restored (Brock et al. 2010).  

In general, auditory and kinaesthetic stimuli are not as stable as visual stimulation because 

sounds are seldom continuous while cutaneous and proprioceptive sensations stop when physical 

contact ends (Richaume-Crinquette A, 1990). Furthermore, a continuous movement is perceived 

more easily using the sense of sight than other senses. Simultaneity of sight may facilitate 
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anticipation, preparation for action, linking actions and making movements with accuracy and 

speed (Brock et al. 2010). 

For a blind person, reading is performed as a process of discovery, letter by letter, word by word. 

According to Hatwell (1993) while reading a document, a blind person puts a significant effort 

on memorization. Since there is no overall view of a document (or an object), it is difficult to 

locate and identify information in it. Auditory memory also requires a significant amount of 

concentration and mental effort, even if it is exercised. On the contrary, people with normal sight 

can find the desired information at a glance using their memory only a little (Brock et al. 2010). 

Nevertheless, people, using only their sense of touch, can recognize in a short time common 

objects with great success (Klatzky, Lederman & Metzger, 1985). This could be possibly due to 

these objects’ multiple attributes (material, geometry, size, etc.) which may provide with several 

converging cues for identification. In general, research findings indicate that during haptic 

processing of objects, geometric dimensions are processed less effectively and more slowly than 

material dimensions (Jones and Lederman, 2006). Findings by Lakatos and Marks (1999) 

indicate that during haptic comparison of geometric objects, observers focus more on local 

small-scale features with areas similar to the areas of fingertips in the beginning of the exploring 

process. When more time is available, then the total surface of the object is explored and a better 

overall image is acquired. 

2.3 Tactile Graphics 

Even though findings suggest that blind people, who had their vision in the past, form a visual 

image of objects they touch and use it for recognition, visual experience is not required for haptic 

picture identification (Jones and Lederman, 2006). A simple form of tactile graphics, two 

dimensional pictures of common objects with raised outline can be identified by congenitally 

blind children and also by sighted, blindfolded children (D'Angiulli, Kennedy & Heller, 1998). 

However, three-dimensional geometric information and variations in material characteristics can 

be processed much more effectively, fast and accurately than two-dimensional contours by the 

haptic system (Jones and Lederman, 2006). Consequently, the design and production of three 

dimensional forms, when possible, can improve significantly understanding and processing of 

the depicted information. 

Jones and Lederman (2006) have made several suggestions for improvement of 2D tactile 

graphics: 

 Adjustment of 2D details - Modifying (adding, resizing, deleting or distorting) certain 

image details and features in order to make them more accessible and comprehensible.  

 Incorporating 3D Structures - When possible, including complete forms in three 

dimensions, which may represent the actual geometry of certain image features, can 

facilitate exploring and understanding. 

 “Adding material cues” - Various materials in different areas can provide cues and allow 

faster and easier identification of the different features of an image. 

 Minimizing tactile “noise” – Various features and symbols on an image may distract the 

user by impeding the exploration and the understanding of an image. Lederman & Campell 

(1982) proposed the use of a “grid overlay” and a “grid underlay” that provides spatial 

information (coordinates) in order to minimize clutter when reading graphs. A sheet is 

placed on or under the graph to help locating the area of interest. 

 Optimization and standardization of symbols - Finding the optimal size for symbols and 

making them meaningful even without the use of a legend is a critical challenge for the 

improvement of tactile graphics and maps. Complete standardization might not be possible 
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because of the numerous different contexts and the limited number of available tangible 

symbols. However, the development of basic widely accepted standards can help a VI 

person to read a new image without having to rediscover the meaning of each symbol 

appearing in it. 

 “Figure-Ground and haptic processing of spacial information” - Organization and 

grouping of depicted objects by the haptic system can affect greatly the exploring process 

of a tactile image. Research towards this direction is necessary for relevant improvement in 

design and use of tactile graphics. 

 Inclusion of multisensory cues - Incorporating additional features (e.g. sounds) that interact 

with other senses supplementary to the sense of touch, can provide complementary 

information and improve overall identification and exploring process. Additionally 

multiple modes can serve as confirmation for each other, providing extra confidence to the 

user. For example, in a 3D puzzle, sounds could notify users for wrong (or right) 

connections or incorrect use (e.g. when a piece is placed with the bottom up). 

Tactile graphics can be produced with several methods. However these methods have significant 

impact on manufacturing time, quality, detail, accuracy and lifetime of the outcome.  An old but 

still applicable method, for a small number of images, is to create handmade models using 

various materials like strings, buttons, wire, glue gun with hot melt adhesive etc. usually on a 

base made of cardboard. This method provides flexibility and additionally different materials can 

be used as cues. However, it is time consuming and the created image can be fragile and 

vulnerable to wear. Images have also been made from plastic with vacuum forming 

(thermoforming) or manually by engraving metal sheets.  

A very popular method because of its convenience is using swell paper (also referred to as 

capsule-, microcapsule-, puff- or fuser-paper). Swell paper is a special material, similar to paper, 

which consists of micro capsules with heat-reactive chemicals. Firstly, swell paper can be drawn 

with black pigment-based pens and permanent markers or printed in inkjet or laser printers. 

Subsequently, by heating the paper using tactile graphic machines, the black lines will raise 

creating a tactile image.  The main disadvantage of swell paper method is that control on the 

height of graphics is limited (Jones and Lederman, 2006).  

Today with the recent advances in rapid prototyping technologies, 3D printing tends to become 

widely used. Small 3D models can be easily printed even at home with several 3D printers 

commercially available costing less than 300$ (Voo, [no date]). This can have a positive impact 

in the development of tactile and 3D images because today, using this technology, complex and 

detailed models can be designed, configured and printed easily with high accuracy according to 

users’ preferences. Another promising method under development is the electromechanical 

generation of 2D and 3D tactile graphics which are stored digitally. This technology can offer 

advantages similar to these of digital image and text which can be easily stored and reproduced 

(Jones and Lederman, 2006). However, further progress in related fields is required before 

technologies like these can be affordable and accessible to everyone. 

2.3.1 Tactile maps and spacial representation 

Tactile (or relief) maps for the blind have been created since more than three centuries ago. The 

oldest map in existence can be found in Vienna and it is dated at the end of the 17th century. 

This map is a standard print map with borders and rivers embroidered and different sizes of 

buttons placed for cities, towns and villages. Tactile maps can have enormous educational and 

recreational value. However, even today there are many visually impaired people who have 

never touched a tactile map. The main reasons behind this, have been the inaccessibility and 

unavailability of this kind of maps and also the few available production methods which have 

serious limitations (Jones & Lederman, 2006). 
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Tactile maps are produced in various sizes. For vacuum formed maps the maximum size is 

usually up to 280x290mm (standard Braille page size) with A4 page size being common in the 

UK (Gardiner & Perkins, 2002). Map elevation (vertical height) should also be sufficient in 

order the map to be readable (Jehoel S., McCallum D., Rowell J. and Ungar S., 2006). However, 

the maximum size depends on the production method and the type of material used but also on 

the size and the shape of the depicted area, the map scale, the amount of desired detail, the 

intended use of the map, etc. For large areas more than one map might be necessary. In this case, 

edges on common sides should have an area of relief alongside (a “strip”) that also appears on 

the contiguous map. Additionally, a user guide should be provided with explanations on how to 

read and relate these maps to each other (Gardiner & Perkins, 2002).  

According to Jones & Lederman (2006) map designers have suggested improvement of two-

dimensional maps by modifying and adjusting them in order to be more accessible and 

comprehensible. In order to facilitate tactile discrimination between symbols, scale can be 

distorted in some areas of the map (Gardiner & Perkins, 2002). Additionally, in some cases, 

omission of unimportant details and changes in the size of some parts of a map can have a 

positive impact on map exploration and understanding. For example, complex parts of 

significant importance can be enlarged while other less important features can be decreased in 

size (Jones & Lederman, 2006). Consequently, the scale of a tactile map should be loosely 

interpreted (Gardiner & Perkins, 2002). If possible, users should be informed (e.g. with a legend 

or a manual) about important changes in size and distances in order to avoid misinterpretations. 

However, if legends are required, they should be placed away from the map graphic area while 

placing a map inside another map should be avoided (National Park Service, 2008). 

Regarding the height of symbols in tactile maps, a study by Jehoel, Sowden, Ungar and Sterr 

(2009) suggests that there is no improvement in identification performance beyond 160μm in a 

limited scanning time of 5 sec per symbol. However, increasing elevation (between 20, 40, 80, 

160, 320 and 640μm which were tested) results decreasing scanning time but not significantly 

over 200μm (Jehoel et al., 2006). Additionally, according to findings, rough features are 

identified faster than smooth and sharp ones. Even if these findings may imply that symbol size 

might be minimized (resulting savings in material, printing time, storage space and overall cost) 

“it has been generally recognized that psychophysical findings cannot be directly applied to the 

design” (Jehoel et al., 2009).  

Users’ preferences, material properties, limitations of manufacturing methods and other factors 

must be taken into account and subsequent studies are needed to reveal to what extent the above 

mentioned findings can be applied on related products. For example, according to “Guidelines 

and Standards for Tactile Graphics, 2010” published by the Braille Authority of North America 

and the Canadian Braille Authority (2011), symbols or labels should not be placed closer 

together than 1/8 inch (≈3,2mm), (which is probably related to the psychophysical findings 

mentioned earlier in paragraph “2.2 Blindness and Perception”). In the same guidelines it is 

highlighted that for graphics made on Brailon (a plastic-like paper developed by American 

Thermoform Corporation for use with Thermoform machines) any feature raised more than 6mm 

or areas spanning more than 7.5cm across a page may collapse when being read tactually 

(material limitation). 

Orientation and mobility (O&M) map is a special type of map which is usually large-scale and 

aims to provide the VI user essential information for moving independently in a certain 

environment, indoor or outdoor (including obstacles, exits, stairs, elevators, toilets, traffic lights, 

bus stops, buildings, streets names, etc.). Chara Klinaki, Ο&Μ trainer, interviewed for the needs 

of the present study, emphasized that a tactile map, if used for Ο&Μ training, should be as 

simple as possible including only a few essential features. According to studies reported by 

Ungar, Blades and Spencer (1993) blind children and also children with residual vision, 5 to 11 

years old, can understand and use a simple tactile map to estimate direction and distance in a 

large scale environment. Furthermore, it is highlighted that totally blind children can learn the 
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environment more accurately by exploring the map than from direct exploration. Therefore, 

tactile maps can have significant contribution even in early stages of O&M training, promoting 

the spatial abilities of children and highlighting the importance of orientation (Hirn, 2005).  

2.4 Participatory Design  

Participatory design (hereafter referred to also as PD) is an approach to design where end-users, 

among other stakeholders, are involved actively in the design, development and assessment of a 

product or a service. Users participate in decision making while their skills and capabilities are 

respected, allowing them to exercise their self-determination (Zulaikha et Brereton, 2013). “The 

roles of the designer and the researcher blur and the user becomes a critical component of the 

process” (Sanders, 2002). Including minority groups such as impaired children and adults, 

immigrants etc, “can strengthen their competences and lead to an increasing societal attention 

and acceptance” (Olk and Roth, 2007). Additionally, according to Wilkinson and De Angeli 

(2014) the inclusion of a wide, more representative sample of users (including impaired users, 

children and elder) from the beginning in the design process, can remove or minimize the need 

of designers to depend on their own knowledge and skills. 

According to Vines, Iversen et al. (2012) PD projects have been performed with very different 

purposes in the past, aiming to: 

 democratize the design process 

 provide valuable information in a new design 

 involve the public in the design process of their own future 

 or simply to fulfill funding commitments. 

Participatory projects can ideally have four or five phases according to Oestreich (2012) who 

describes the following phases: 

1. “Sensitizing or entry phase” where participants are informed about the project. 

2. Selection of a method (like painting, modelling, etc.) which matches participants’ skills and 

age group. The goal of the method is to strengthen creativity and develop ideas. 

3. Development of a solid plan from ideas and concepts. 

4. Realization or actual construction. 

5. Use and appropriation of the outcome (product, service, etc.). 

Various methods such as focus groups, storyboards, scenarios, context mapping, design games, 

prototyping (usually “low-fi”) and even dramatic performance (Brandt & Grunnet, 2000) can be 

used during participatory design projects. Additionally, when “special” user groups and 

minorities are involved in the research process, development of innovative methods can be 

required (Frohlich, Lim & Ahmed, 2014), (Vines, Blythe et al., 2012), (Frauenberger, Good and 

Keay-Bright, 2011). The three fundamental conditions for the participation of users in design 

according to Kensing (1983) are: 

 access to relevant information, 

 possibility to take an independent position on the problems and 

 participation in decision making. 

Effective communication between participants, designers and researchers is an essential element 

for a successful participatory project (Zulaikha and Brereton, 2013). Appropriate forms of 
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communication have to be selected carefully and if necessary, they have to be adapted before or 

during the process.   

2.4.1 Participatory design with visually impaired participants 

When a product is developed, one of the critical steps during the design process is to identify the 

needs of users. If potential users are people with impairments or disabilities, identifying these 

needs can be considerably difficult, especially in the case that designers interact with the product 

in a different way, using different senses or using senses differently than these users. Including 

non-standard populations, such as these, in the design process, is suggested by Inclusive Design 

(Clarkson, 2003) and other design paradigms. Participatory design techniques, can contribute in 

the identification of different user needs. However some of the available PD methods are not 

accessible to these participants. According to Brock et al. (2010) “proposed methods and tools of 

participatory design are not accessible to all and usually do not allow the integration of blind 

users”. Therefore, in some cases certain methods should be modified or new methods should be 

introduced to be suitable for different groups of participants. 

  Sahib, Stockman, Tombros and Metatla (2013) in a participatory design approach with visually 

impaired participants, involved a blind user with related knowledge in the design team. 

Additionally they used a scenario to create a dialogue with the visually impaired participants. As 

visual prototypes are not accessible for many visually impaired users, prototypes made of paper 

or cardboard have been introduced in cases where participants were visually impaired. Tanhua-

Piiroinen and Raisamo (2008) described two different types of prototypes used by visually 

impaired children: card board models and plastic models with Braille letters on them. Miao, 

Köhlmann, Schiewe and Weber (2009) introduced “tactile paper prototyping” by creating tactile 

low-fidelity mock-ups. These mock-ups were embossed printings which included tactile graphics 

and Braille. 

The characteristics of participants along with group composition might have a significant impact 

on the outcomes of participatory design projects. There are various methods to facilitate the 

selection of representative users. Muller, Millen and Strohecker (2001) present different 

approaches for the selection of a representative sample based on statistics, grounded theory, 

political theory and design practice. However, in the case of visually impaired users, the number 

of potential participants is limited, putting also limitations in the available users’ profiles. 

Additional characteristics for categorization depending on the type of visual impairment or 

disability and its origin are proposed by Brock et al. (2010): 

 Impairment level (low vision, no vision, etc.) 

 Congenital or acquired impairment 

 Ability to read Braille 

 Travel autonomy 

 Experience on computers and personal equipment (e.g. screen reader, refreshable Braille 

display, etc.) 

Characteristics like these have to be considered carefully because of the various needs, 

perceptual and psychomotor skills of visually impaired people. Additionally, when meetings 

with visually impaired participants are organized, several parameters have to be carefully 

considered, depending on the type and the place of the meeting. Brock et al. (2010) have 

presented a list of recommendations for participatory design projects and group meetings with 

visually impaired people: 

 Choose accessible means of communication 

 Apply specific criteria for the formation of groups of participants like: 
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 The level of disability 

 The duration of disability (congenital or acquired) 

 Their autonomy 

 Their ability to read (Braille) 

 Their experience on the research field/topic (IT, puzzles, education, etc.) 

 Choose a meeting place considering its accessibility by public transport. Consider also the 

possibility to provide alternative means of transportation or accompany participants. 

 Number of participants per group has to be limited (maximum 10 people). 

 Meetings should be in a large enough room, to facilitate participants’ identification by 

voice. Participants’ places should not be changed during the meeting. 

 Make a tour around the table before meeting in order to organize all participants or 

observers. 

 Organize/manage carefully brainstorming sessions by:  

 controlling the turn of the speakers,  

 giving sound feedback to notations/markings,  

 repeating the ideas suggested,  

 reorganizing or structuring orally the ideas in order to facilitate memorization 

 The first thing to do with visually impaired participants is to analyze both the needs of the 

task and the specificities the disability entails for the use of the interactive system (or 

product). 

 For designing a layout, choose methods and tools proposed for modalities of interaction 

which can replace visual modality. 

 For the creation of a prototype take into account the accessibility of the product according 

to the target group and select suitable technologies and tools. 

 Perform a pilot test of accessibility of the proposed solutions before presenting them to the 

users. 

 Develop and evaluate the targeted product and if possible adapt it (if there are different 

settings available) to each user for testing. 

 Make an interview instead of questionnaires or create an interactive questionnaire if it is 

not too long for the users to fill in. 

Miao et al. (2009) have made similar recommendations and additionally have proposed that 

ideally blind people should design the prototypes (mock-ups) which will be subsequently tested 

by potential users in order to ensure that these are accessible and understandable.  

2.4.2 Participatory design with children 

Recent examples of participatory design with children are described by Wakil and Dalsgaard 

(2013) who present a comparative study of two PD projects carried out in school classes in 

Denmark and India discussing the challenges that arise when applying PD methods in different 

social and cultural settings. Three methods (i.Future Workshop, ii.Inspiration Card Workshop 

and iii.Mock-Up sessions), with different abstract/manifest properties, were applied in both 

cases. Results suggest that even though PD can be a useful approach in a setting substantially 

different than the Scandinavian, applied methods can have different creative output and some of 

the methods [(i) and (ii) in this case] have to be revised in order to be useful in a different setting. 
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In another recent study Oestreich (2012) investigated children participation in spatial planning in 

Stockholm metropolitan area and presented examples of participation as implemented by the 

municipalities. The results revealed that children’s participation is very little implemented in the 

area with many municipalities naming limitations in time and budget and also lack of knowledge 

as the main reasons for that. However, the participatory methods used in several cases produced 

useful outcomes indicating that the inclusion of children and other population groups (minorities, 

etc.) in spatial planning has several benefits and should be encouraged and become more 

widespread in the future. 

2.5 Focus Groups  

A focus group (hereafter referred to also as FG) is a gathering of stakeholders (Garde, 2014b), in 

general, where participants discuss about certain topics which are usually related to a product (in 

this case participants can be potential users), service or idea, among others. Krueger (1994) 

defines a FG as “a carefully planned discussion, designed to obtain perceptions of a defined area 

of interest in a permissive, non-threatening environment”. Focus groups have been used as a 

qualitative research method in various fields like social sciences, marketing, participatory design, 

usability engineering etc.. There are many types of focus groups depending on the type and 

number of participants (one on one, pair, triads, mini groups, party groups, super groups etc.) and 

moderators, setting and mode of communication (group meeting in a room, online, 

teleconference, etc.) (Laurel, 2003).  

Focus groups can be organized and operate as participatory design workshops. The different 

ideas of participants can be combined developing new concepts and produce such outcomes as 

desirable features or specification lists for new products, sketches and even models. Likewise a 

starting concept or prototype can be presented in the group in order to receive critical feedback 

from the participants and to be redesigned (Frohlich et al. 2014). 

The conversation is usually conducted by a moderator who asks participants to provide their 

point of view, concerns, perceptions etc., on the topics discussed. The moderator is responsible 

for: 

 creating a comfortable and relaxed atmosphere while keeping the balance in the group,  

 explaining to the participants the purpose of the research 

 facilitating the discussion without bias (Gibson, 2007)  

 encouraging silent participants (Sim, 1998) to share their though and ideas and reminding 

FG members that the goal is to hear from everyone (Morgan, 1997) 

 discouraging domination by influential members (Horner, 2000) 

 preventing and controlling attempts of a group member to make light of the topic or 

embarrass another group member but on the same time recognizing and accepting harmless 

attempts of humor that can break the ice and revitalize the discussion (Stewart, Shamdasani 

& Rook, 2007). 

 keeping the discussion informative rather than argumentative (Asbury, 1995) 

 ensuring that all topics are covered 

Sometimes a second moderator (“assistant”) is present without interfering in the discussion but 

taking notes, observing participants’ reactions and controlling the recording equipment (Gibson, 

2007). According to Morgan (1997) the recommended number of topics for a FG session of 90 

minutes can be from two to five. However the number of topics also depends on the amount of 

structure of each session and on the number of participants. According to Krueger and Casey 

(2008) incentives for participants are necessary because of the effort needed in order to 
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participate in a focus group. Incentives are symbolic and can serve as a stimulus for people to 

attend a session. Incentives can be money, food or gifts. However, one of the most powerful 

incentives for potential participants can be the fact that they are invited to provide their opinion 

which is considered respected and valuable and they are nominated to attend the discussion. Also 

a reference on the connection between the study and a local organization, social cause or 

respected individual can work as an incentive (Krueger and Casey, 2008). 

Because of the large amount of information produced in a FG, audio or video recording of 

sessions may be necessary depending on the data needed. Behavioral data, interaction with 

products and body language should preferably be recorded with video recording equipment. A 

useful technique for examining participants’ behavior in response to a particular object (when the 

session is recorded) is to leave them in the room without the presence of moderator for some 

minutes (Stewart et al., 2007). This can permit FG members to express themselves more freely 

and interact with an object without any constraints. Another important advantage of video-

recording is that it makes easier to find who is speaking and to whom. However, Morgan (1997) 

argues that there are several reasons to avoid videotaping especially in social science research. 

Intrusiveness of video recording equipment and complicated setups (multiple cameras and 

suitable light) needed to record facial and nonverbal details must be taken into consideration. A 

possible but expensive solution is to use a professional focus group facility. 

2.5.1 Composition of focus groups 

Even though focus groups have several limitations, some of the difficulties caused by unequal 

participation, diverse views and, in many cases, lack of consensus, could be addressed in a 

creative way by asking participants to jointly create a new design. This design should be 

acceptable by the group since all parties will contribute in some way on it (Frohlich et al. 2014). 

Regarding group composition Stewart et al. (2007) suggest not to have friends in the same group 

unless it is part of the group design. Various problems can appear in a case where friends are in 

the same group. Some of these problems, as identified by Templeton (1994), are that friends: 

 discourage anonymity 

 may support the views of each other 

 can place an obstacle to group building, by refusing to join 

 can get in private conversations, not sharing their ideas with the rest of the group and 

discourage the expression of opinion by other members 

 can create an imbalance of opinion in the group 

Additionally, as Horner (2000) explains “established hierarchies have the potential for reducing 

member participation in discussions, censoring other’s comments, and ensuring conformity as 

group members seek to maintain peer relationships”. These issues can occur when friends are 

members of the same focus group especially in focus groups with children (classmates, etc.). 

Vaughn, Schumm and Sinagub (1996) further recommend that a FG with children should be 

composed of members of the same sex because young children and adolescents can be distracted 

or feel uncomfortable in a group with people of the opposite sex. As a result, their behavior and 

responses can be affected. Even though Horner (2000) states that girls usually hold back 

allowing boys to take the lead in answering the questions, the same author also notes that it 

depends greatly on the topic whether a mixed group or a same gender group will be used. In any 

case, in order to ensure that everyone has equal opportunities in participation, the moderator 

should direct questions to everyone.  

If the participation of friends in the same group is unavoidable, there are strategies to prevent or 

minimize the effect of these problems by asking the right questions and leading the discussion to 

less threatening areas. Furthermore, in some cases having friends or participants who are well 
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known to each other can be perfectly in accordance with the research objectives. It can also 

facilitate the group process (Horner, 2000) as the atmosphere in the group can be comfortable 

from the beginning, especially with children that tend to be reticent and shy in a group of 

strangers. 

2.5.2 Number of focus groups 

The number of focus groups that are needed for a research project depends on different factors. 

One of the most important factors is the need for diverse participants in groups but also across 

groups depending on the objective and the type of research. Another significant factor is the 

structure of sessions. Less standardized interviews and limited intervention by the moderator 

might create the need for more sessions as variability is increased among groups (Morgan, 

1997). The availability of participants also has a strong effect on the group number. Given a 

small number or high dispersion of participants, it is advised to have more groups with a small 

number of participants to be able to compare outcomes of several different sessions.  

Conducting only one or two FGs can create serious problems. The discussion of a single group 

cannot be generalized as it is highly possible that it is a result of an unusual group composition 

or dynamics in this specific group. Likewise two groups can produce completely different or 

very similar data without ensuring that saturation has been achieved or that group dynamics are 

responsible for this. Similar problems may occur in projects where multiple segments are used. 

In that case more than one group is necessary in each segment (Morgan, 1997). A general rule is 

to have three to six groups to reach data and theoretical saturation (Krueger, 1994). More groups 

rarely provide new information. Ideally, it is recommended to do the exact number of groups that 

will provide saturation and reliable results because the number of sessions is in general 

proportional to the amount of data collected and to the research length.  

2.5.3 Analysing data from focus groups 

Data analysis of a FG session starts with each session as issues emerge during the discussion. 

The moderator, using follow up probes and summarizing participants’ comments and issues, 

conducts a preliminary analysis deriving feedback from the participants who may validate and 

classify the outcomes (Horner, 2000). Krueger and Casey (2008) emphasize that even a basic 

form of analysis (e.g. a summary) performed after each FG session, can improve data collection 

in subsequent focus groups. By constant analysis, weak points in the last FG can be identified, 

questions can be modified accordingly, more examples can be provided if necessary and better 

results can be yielded in the following focus group. 

Morgan (1997) highlights that for correct data interpretation, it is important to distinguish 

between “what the participants find interesting and what they find important”. The length of a 

discussion about a certain topic might provide an indication about the interest of participants in 

this topic but it cannot reveal if they find this topic important or not, unless every participant 

confirms this. The easiest method to find out is to directly ask participants and include their 

related statements in the data (Morgan, 1997).  

After creating transcriptions of all sessions, data have to be coded. Regarding the selection of the 

unit of analysis in coding, many discussions claim that the group, having a large influence on 

each participant, should be the fundamental unit (Wilkinson, 1998). However, if only the group 

is used as a unit, then participants who had no contribution in a part of the discussion are not 

documented and as a consequence they are excluded from the results of this part (Onwuegbuzie, 

Dickinson, Leech and Zoran, 2009). Furthermore Morgan (1997) emphasizes “that the 

discussion in focus groups depends on both the individuals that make up the group and the 

dynamics of the group as a whole” and consequently, group and individuals are interrelated units 

and should be analyzed as complementary to each other.  
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The use of counting in the analysis is considered misleading by some researchers like Sim (1998) 

who points out that a participant may or may not express a viewpoint because of some pattern or 

interaction occurring at the time. Sim (1998) furthermore cites Asbury’s (1995) argument that 

“focus groups are not oral surveys” and participants comments should not counted and taken out 

of their original context. Krueger and Casey (2008) highlight that the sample size in a FG is 

limited, some participants may not provide any comment on an issue while others might make a 

lot of comments and there are questions that are not answered by everyone. Therefore instead of 

numbers, the use terms like “a few”, “many”, “most”, “all” etc. is suggested by these authors. 

Others like Sandelowski (2001) and Onwuegbuzie et al.(2009) claim that if qualitative data are 

supplemented and supported by numerical data in the right context, then focus groups analysis 

can bring forth more information thus it can be more complete and accurate. An example 

provided by Onwuegbuzie et al (2009) is that stating that “7 out of 8 participants shared a 

particular point of view” is more informative than reporting that “the majority of participants 

shared a particular point of view”. Krueger (2006) notes that counting can be used but the results 

must be interpreted with caution and highlights that “the strength of focus group research is not 

based on counting, but on understanding the discussion”. In some cases the most critical finding 

could be only mentioned once. However its relevance to the subject and participants’ reactions 

can indicate its importance (Krueger, 2006). 

2.5.4 Questionnaires in focus groups 

Questionnaires can be used to supplement observations in FG. The use of questionnaires in a FG 

setting can have advantages and disadvantages. Questionnaires may provide a clear overview of 

the group members (age, occupation, experience, etc). Questionnaires might also clarify answers 

and different points of view that were not obvious in the transcripts or vice versa (transcripts 

used to verify data from questionnaire). The main disadvantage of combining FG and 

questionnaires is that the sequence of these methods in the session may have impact on the 

results. If participants fill in the questionnaires before the discussion then the questionnaire data 

can direct the discussion. On the other hand, if the FG session comes first, then this can influence 

and change participants answer in the questionnaire. Additional problems, related to 

questionnaire and discussion sequence, may occur if there some participants arrive late or need 

to leave early (Morgan, 1997). 

2.6 Scenarios 

Carroll (2000) describes scenarios as “stories about people and their activities”. According to 

Anggreeni and Voort (2007) scenarios in product design are “explicit descriptions of 

hypothetical events concerning a product during a certain phase of its life cycle. These events 

could be intentional (e.g. the use of a product) or unintentional (e.g. side effects of the interaction 

between the user and the product)”. A scenario can be given in different forms e.g. as a narrative, 

a storyboard, a play, a movie etc. and it can be used as a basis for dialogue between potential 

users and designers. With the use of scenarios, users and designers can conceptualize and 

document activities related to a product even before the product is conceived (Carroll, 2000).  

Characteristic elements of a scenario according to Garde (2013) include: 

 one or more actors  

 the goal of the actors 

 the product or service related to the goal 

 the setting (an environment with objects and other persons) 
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There is also a plot consisting of actions and events while changes in the setting or errors can 

occur (Anggreeni and Voort, 2007). 

Scenarios can be used as a fast and lightweight method, facilitating communication between 

different stakeholders, allowing designers to present their ideas, receive feedback, adapt and 

improve their concepts (Rosson & Carroll, 2008). Additionally “scenarios, if validated by the 

users, provide a realistic and concrete use context which users themselves can utilize to evaluate 

design concepts” (Garde, 2013). The use of scenarios can be applied at different times and with 

different purposes. Bodker (2000) highlights that scenarios should be in accordance with each 

particular purpose and provides three examples of scenario application: 

 in usability testing of prototypes, 

 in design workshops where a scenario can serve as a starting point,  

 for reflection and idea generation with plus and minus scenarios.  

Five key properties of scenario-based design according to Jarke, Tung Bui and Carroll (1998) are 

summarized in figure 3. Even though these properties are related by the authors to design in 

Human-Computer Interaction (HCI), they can be generalized and applied in product design in 

general. 

 

Figure 3: Five key properties of scenario based design (Jarke et al., 1998) 

A key characteristic of scenarios is that, in most cases, they focus on the actual use of the 

product/service providing valuable information about needs, habits and desires of potential users. 

The use of scenarios encourages participation as users can identify themselves in the story, think 

about related experiences and habits they may have, and contribute with their ideas and 

recommendations without much effort. Additionally, the impact of different parameters on the 

design can become clearer to the different stakeholders. In general, scenarios provide a common 

language for design discussions (Jarke et al., 1998). 

Because of the convenience of the method, scenarios have been used with people with 

impairments or disabilities and also with old people. Sahib et al. (2013) used a scenario 

expressed as a textual narrative for participatory design with blind users during the development 
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of an accessible search interface. A detailed scenario around interface features was created. The 

story was about a user who starts using a search interface after hearing about it from a friend. 

Different stages/events were included (e.g. the user had to leave before ending a task) and all 

interface features appeared in the story in a reasonable sequence. In the beginning of the story 

the researcher asked the participant to provide a web search query. The answer could not affect 

the storyline which was focused on interaction and could be adapted. However participant’s 

engagement was increased in this way. After the scenario was completed, the researcher 

discussed each step and each feature with the user who was asked to provide feedback. In this 

way requirements that had been identified in an earlier observational study were verified. In 

several cases, multiple design ideas had produced alternative ways of interaction which were 

also presented and discussed. Additionally, participants’ ideas were discussed.  

2.7 Usability Testing 

Usability is the “extent to which a product can be used by specified users to achieve specified 

goals with effectiveness, efficiency and satisfaction in a specified context of use” (ANSI, 2001). 

A usability test has as a main objective to improve the usability of a product. Therefore, during 

usability tests, product developers observe users who perform various representative tasks using 

a prototype or a fully functional product (Dumas & Redish, 1999). Subsequently, data collected 

during this process are analyzed to reveal problems or issues that require changes and indicate 

possible improvements. Although various definitions of usability testing can be found in 

literature, usability testing can be described as a process of gathering data, related to the use of a 

product, from potential users in order to evaluate and improve the product. 

 A simple method often used in usability testing is “thinking aloud” introduced by Lewis (1982) 

and described by Nielsen (1993) as maybe “the single most valuable usability engineering 

method”. Clemmensen, Hertzum, Hornbaek, Shi and Yammiyavar (2009) presented a simplified 

model of “thinking aloud” as a usability evaluation method which includes four elements: 

 “Instructions and tasks” - Users interact with the system according to instructions, having 

certain tasks which are prepared in advance 

 “Verbalization” - Users have to verbalize their thoughts while performing the tasks. If users 

fall silent they are reminded to continue verbalization with prompts and related questions 

 “Reading the user” - Evaluators observe users’ behaviour and listen in on their thoughts. 

Based on this, usability problems are identified and reported. 

 “Overall relationship between user and evaluator” - Users’ feedback and comments depend 

on their relationship with the evaluator. A proper language and indirect cues can make the 

user feel free to make both positive and negative comments. 

Additionally Clemmensen et al. (2009) note that culture may affect usability evaluation which is 

based on “thinking aloud”. These authors argue that Westerners (people from Western Europe 

and US citizens with European origins) and Easterners (people from China and countries heavily 

influenced by its culture) having different perception and thinking, may have a different 

behaviour during these evaluations and this can have an impact on the above mentioned four 

elements. Clemmensen et al. (2009) highlight the possibility that this might also be the case with 

other cultural backgrounds. Thus differences in cognition of people with different cultural 

background have to be carefully considered since they may affect the results of a usability test.  

Other methods used in usability testing are audio and video recording (monitoring), 

questionnaires, focus groups, scenario building, interviews, etc. According to Nielsen (1994) 

pilots test are necessary before usability testing to reveal possible mistakes in the experimental 

design and inconsistencies or weak points in the test plan. Definitions may need clarification 
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while tasks may be more difficult or much easier than expected. Thus changes in the time plan 

may be necessary. 

One of the most important but also ambiguous parts of usability testing is data analysis. Different 

categories for rating usability findings have been proposed by many researchers. Nielsen (1994) 

presents two approaches to severity ratings of usability problems. The first approach is based on 

rating usability problems with a scale like the following one: 

0 = Not a problem at all 

1 = Cosmetic problem (no need to fix it unless there is extra time available) 

2 = Minor problem (low priority among problems) 

3 = Major problem (high priority) 

4 = Catastrophic problem (fixing the problem is mandatory before the release of the product) 

The second approach is the estimation of severity of each problem based on frequency and 

impact (table 1). Additionally, the author suggests the use of an additional severity dimension 

that indicates if a problem occurs only the first time (e.g. a button on a device that does not look 

like a button but after finding it, the user will know how to use it the next time). 

Table 1: A two-dimensional approach to severity rating (Nielsen, 1994) 

 
Proportion of users experiencing the problem 

Few Many 

Impact of problem 

on the users who 

experience it 

Small Low severity Medium severity 

Large Medium severity High severity 

 

Dumas and Redish (1999) propose using triangulation in order to manage the large quantity of 

data. Multiple resources like problem lists, questionnaires, quantitative data, observations and 

participants’ comments may indicate which are the most significant problems and their 

frequency. Furthermore, the authors suggest “organizing problems by scope and severity”. Scope 

indicates if problems are local or global. For example one wrong reference in a manual is a local 

problem while several references missing from a manual may be a global problem. Regarding 

severity Dumas and Redish (1999) suggest 4 levels which indicate how critical a problem is, as 

follows: 

 Level 1 – a problem that makes a task impossible to complete 

 Level 2 – a problem causes considerable delay and frustration 

 Level 3 – a problem with a minor effect 

 Level 4 – subtle problems that may be an indication for a future add-on 

Rubin and Chisnell (2008) propose the ranking of usability problems based on “criticality” 

which they define as a combination (a sum) of severity and “probability of occurrence” (which 

they subsequently describe as “frequency of occurrence”). Severity and “frequency of 

occurrence” categorization appear respectively in the following tables 2 and 3: 
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Table 2. Ranking of severity of usability problems according to Rubin and Chisnell (2008) 

Severity 

ranking 

Severity 

description 
Severity definition 

4 Unusable 
User is not willing or unable to use a particular part of a product 

because of its design or implementation 

3 Severe 

User might use or might try to use the product. However the problem 

is very difficult to work around and puts limitations to user’s ability to 

use the product. 

2 Moderate 
User will be able to use the product in most cases. However it will take 

some moderate effort to work around the problem. 

1 Irritant 

Problem occurs occasionally, can be avoided easily, or it depends on a 

standard outside product’s boundaries. It could also be a cosmetic 

problem. 

Table 3. Ranking of “frequency of occurrence” for usability problems according to Rubin and Chisnell (2008) 

Frequency 

ranking 
Estimated frequency of occurrence 

4 ≥90% of the time the product is used 

3 51-89% of the time the product is used 

2 11-50% of the time the product is used 

1 ≤10% of the time the product is used 

In order to estimate the “frequency of occurrence”, the percentage of users affected by each 

problem and the probability that a user from the affected group will have the specific problem, is 

needed. The following example is provided by Rubin and Chisnell:  

If “10% of the target population will face the problem 50% of the time” then the “frequency of 

occurrence” is: 

0.10 × 0.5 = 0.05 = 5% 

If the severity of this problem is described as “unusable” (severity ranking = 4) then “Criticality” 

of the problem will be calculated as follows: 

Criticality = 4 (severity ranking) + 1 (frequency ranking) = 5 

Other approaches for estimation of severity in usability testing have been proposed by: 

 Molich and Jeffries (2003) who include frequency, impact and also persistence. Persistence 

in this approach indicates if users will learn how to work around the problem. 

 Wilson (1999) who proposes 5 levels of severity and highlights different attributes like 

performance, probability of error, violation of standards, aesthetics etc. which should be 

considered when rating the severity of usability.  
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Even experienced evaluators have been found to identify different problems and give different 

severity ratings when analyzing the same usability test session (Hertzum, Molich & Jacobsen, 

2014). This problem, described as “the evaluator effect”, seems to occur in moderated but also in 

unmoderated test sessions. Hertzum et al. (2014) argue that it is pointless to try eliminating this 

problem because evaluation is a cognitive activity based on subjective judgment. Instead they 

propose to try to manage and minimize the evaluator effect by following the recommendations 

that appear below: 

 Independent analysis of test sessions by different (more than one) evaluators. 

 To avoid uncertainty, consult domain experts. 

 Use a group process for consolidating severity ratings or the reported issues. 

Findings by Hertzum et al. (2014) also suggest that the evaluator effect and the number of 

reported issues seem to be similar for unmoderated and moderated tests. However, the authors 

point out that perfect reliability is not required for worthwhile results. 

Tohidi, Buxton, Baecker & Sellen (2006) suggest the use of multiple design alternatives in 

usability testing. Their findings indicate that users tend to be more critical when they test 

different designs. When a single design is tested it almost never gets rejected by a user and this 

leads to an iterative improvement. On the contrary, when multiple designs are available, users 

can reject some of them and select their favorite. These authors also make a reference to Bowers 

and Pycock (1994) who note that, in their research, users rarely made explicit requests for 

redesign or explicitly disagreed to suggestions made by designers. Additionally, Tohidi et al. 

(2006) highlight that their results suggest that even though usability testing is appropriate for 

problem identification, it is not effective for providing solutions even when multiple designs are 

available.  

Apart from revealing problems, a usability test might contribute to the design and the 

improvement of a product in an early stage. Preliminary concepts could go through an 

exploratory study in order to verify assumptions made earlier about the users and examine the 

effectiveness of the design. During this phase users provide their general opinion on the product, 

revealing if the product seems of value to them. Additionally their comments can reveal which 

functions seem easy or hard to them and what kind or prerequisite information is necessary for 

someone to use the product. In this way answers to fundamental questions about the design can 

be found even without the use of fully functional prototypes. An exploratory test can be a rather 

informal process with extensive interaction between a test moderator and a potential user who 

might even explore the product together sitting side by side (Rubin and Chisnell, 2008).   

Hertzum et al. (2014) in their categorization about rating usability findings [based on the severity 

rating approaches by Nielsen (1994) and Dumas & Redish (1999)], apart from 4 levels of 

problem severity (critical, serious, minor, bug) add the categories of “ideas” and “positive 

issues”. These categories stand for suggestions by the users (“ideas”) that can lead to significant 

improvements and existing features/approaches which are recommendable (“positive issues”) 

therefore should be preserved. According to Rubin and Chisnell (2008), in an exploratory study 

participants can be asked to provide their ideas about confusing areas of the concept. 

Additionally, after the end of a performance (usability) test, during the debriefing session, 

participants’ ideas and suggestions about redesign are welcome. Even if participants are not 

experts in design and product development, they can make suggestions that make sense and can 

be valuable. Rubin and Chisnell (2008) further argue that an effective and practical way to get 

participants’ views and ideas about the design is to show them two or three functional prototypes 

or design alternatives and ask their opinion. This method might produce better results than 

asking participants to provide original ideas. 
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3  IMPLEMENTATION 

In this chapter the working process is described.  

3.1 Pre-study 

At the beginning of the project, a research about 3D map puzzles accessible to sighted and 

visually impaired users was performed on the internet and also in the local market of Crete. 

Apart from the two concepts presented in the first chapter (“1.1 Background”) no products were 

found in the market. Additionally, information about blindness and perception, tactile graphics 

and relief maps, usability tests and participatory projects with visually impaired individuals was 

collected. The result of this information gathering was presented in chapter 2, where theory and 

previous research (that provided the background and an essential part of knowledge and tools for 

the implementation of this project) was introduced.  

Furthermore, in order to acquire information about blindness, to get an overview about the 

current situation in Crete regarding visual impairments and to find out about available products 

related to puzzles for visually impaired adults and children, the following interviews were 

conducted (after an initial approach by phone) at the preliminary stage of the research:  

 Unstructured interview with Nektaria Xohaki, president of the Cretan Union of parents and 

friends of visually impaired children (notes taken). 

 Unstructured interview with Giorgos Kastrinakis, special education teacher, experienced 

with visually impaired children (notes taken). 

 Unstructured online interview with Charu Monga, Assistant Professor in the department of 

Design at the Indian Institute of Technology Guwahati, experienced with visually impaired 

children (video recorded session). 

Pictures of the concepts by Tollington (2011) and Hernandez (2013) were shown to interviewees 

in order to help them understand the idea. Subsequently different possibilities on the research 

design and implementation were discussed (possible concepts, participants, types of sessions, 

dates, etc.). Interviewees provided a positive feedback. The first two interviewees, Xohaki and 

Kastrinakis, living in Crete, stated that there are no similar products available in the market and 

they further highlighted that in Greece there is a very small number of products like table games, 

puzzles or even maps accessible to visually impaired users. During these interviews and after 

further communication by telephone with the two interviewees from Greece the case of primary 

school children was discussed as possible participants in a focus group. Eventually, mainly 

because of availability reasons, a group of visually impaired and sighted children, 10-12 years 

old, students in the 5
th

 and the 6
th

 grade in a local primary school, was selected as the first group 

of participants.    

As a result from the pre-study it was decided to manufacture a small number of prototypes of a 

3D map puzzle in order to be tested by visually impaired and sighted users. A functional 

prototype was considered to be necessary because pictures of concepts or a low-fi prototype 

probably would provide limited accessibility, not being clear or comprehensible enough for 

individuals with limited or no sight. Furthermore, a functional prototype could reveal possible 

usability issues in a much greater extent. According to the International Standards Organization 

(2008) accessibility can be defined as “the usability of a product, service, environment or facility 

by people with the widest range of capabilities”. Therefore identifying and minimizing (if not 

eliminating) usability problems could be considered a prerequisite for the accessibility of a 

product. 
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3.2 Concept Generation 

As the first group of available participants (and also one of the main target groups for a puzzle) 

was going to be children of primary school between 10-12 years old, a suitable theme for the 

prototypes had to be selected. Primary school students in Greece are taught the geography of 

Greece in the 5
th

 grade and world geography in the 6
th
 grade. Additionally, since the main part of 

the research project takes place in Crete, participants come mainly from the local population. 

Therefore geographic areas on and around the island of Crete were considered to be suitable for 

a 3D map puzzle representation. The idea behind this, was that it might be easier and maybe 

more interesting for someone to try to put together the pieces of a familiar place. Because of the 

time limitation in the focus groups and the interview sessions, exploring a map of an unknown 

place before assembling the puzzle would probably consume a significant amount of time which 

could be used instead for activities more closely related to the aim of the research. 

Subsequently among the different areas considered, three areas (figure 4) were selected as the 

most suitable for the puzzle based on the criteria of distinct shape and popularity. These three 

areas were the following: 

 Dia (meaning “Zeus” in modern Greek), a small uninhabited island, 5km long and 3km 

wide, 7 nautical miles north of the city of Heraklio. The island has a shape similar to a 

dragon (Moe, 2015) and according to local myths it was formed when Zeus turn a dragon 

to stone in that part of the sea (Dia Island, no date). 

 Lasithi Plateau with the surrounding mountains. Lasithi Plateau is an endorheic basin on 

the Dikti Mountain at the east side of Crete. The plain with a median elevation of +840m 

has an oval shape with its surface measuring 11km east to west and 6km north to south and 

there are 16 villages in the area (Watrous, 1982) with a total population of 2.387 people in 

2011 (Hellenic Statistical Authority, 2011).  

 Crete, the largest island of Greece (also the 5th largest island in the Mediterranean Sea), 

having a distinctive shape, high land relief and versatile landscape. “The island extends for 

approximately 260 km and is approximately 60 km across at its widest point. The terrain of 

Crete is rugged and includes mountains, plateaus, and several deep gorges” (NASA, 2011). 

A large mountain range runs from west to east with three groups of high mountains 

(“Dikti”, “Ida” and “Lefka” mountains, all with peaks over 2000m) and there are numerous 

capes and bays along the coastline. The resident population of the island was 623.065 

people in 2011 (Hellenic Statistical Authority, 2014).  
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Figure 4. Top left: Island of Dia (Google Maps, 2016), top right: Lasithi Plateau from the air (Stefkuna, 2009), 

Bottom: Island of Crete. Island of Dia is also visible near the center of the north coast of Crete (NASA, 2011) 

In order to inspect thoroughly the above mentioned areas and to see how their three dimensional 

models would look like from multiple angles, different 3D CAD models (.stl files) were created 

from satellite data (binary elevation data). More details about this process are described in the 

next section (3.3 CAD Models).  

For the final selection of the area for the prototype the following parameters were considered: 

 Popularity of the area 

 Recognisability of the area 

 Knowledge of the topography 

 Easiness to manufacture 

Even though a model of Crete seemed to be harder one to manufacture because of the larger 

variety of features of the island (however, this depends on the amount detail given to the model), 

it was eventually the final selection because it was far more popular and recognizable than the 
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other two alternatives Additionally, while primary school children in Greece learn about the 

topography of Crete in the 5
th

 grade, limited or no information is provided to them about the 

other two areas. Another reason for the selection of Crete instead of the other two options was 

the following: at that particular time of the project, a possibility of conducting interviews and FG 

sessions out of Crete (e.g. in Athens) was also under consideration. Therefore choosing an area 

or an island probably unknown to non-residents of Crete could require more time for participants 

to become familiar with the area before assembling the puzzle.  

In general, Crete could be considered as a popular and recognizable island also outside of Greece 

because of the Minoan civilization that flourished in the area (Cartwright, 2009) and also 

because it often appears in “best of” lists for travel destinations in international websites 

(TripAdvisor, 2016), (U.S. News, 2016). 

3.3 CAD Models 

As it was also mentioned in the introduction, the purpose of creating a CAD model and 

subsequently a prototype was to introduce the idea to the participants in a comprehensible way as 

there were no similar products available in the market. A real model could provide a common 

ground for discussion and could facilitate communication providing something that participants 

could touch and explore haptically. Additionally, if the model was functional it could be tested 

and reveal some initial or fundamental problems of the concept. Nevertheless, the model was 

considered more as a low-fi or rough prototype, developed quickly to be used in the subsequent 

steps of the research.  

For the creation, inspection and modification of CAD models the following software were used: 

 Treesoft Topo and Treesoft BigTopo, two types of software which read digital elevation 

data and produce standard STL files (Rowntree, 2013). 

 Coordinates from Google Earth (Google, 2015) and binary elevation data (STRM3) from 

the United States Geological Survey website (http://dds.cr.usgs.gov/srtm/version2_1/) 

were used as input for the Treesoft software. More information about SRTM data can be 

found online at http://dds.cr.usgs.gov/srtm/version2_1/Documentation/SRTM_Topo.pdf 

and at http://dds.cr.usgs.gov/srtm/What_are_these.pdf 

 Meshlab v1.3.4 (Cignoni and Ranzuglia, 2014) for inspection of the created STL files. 

 Meshmixer v2.9 (Autodesk, 2015) for inspection, correction of errors and faults and for 

splitting the files into puzzle pieces. 

 Artcam 2013 (Delcam, 2013) for creating and editing the final model and the toolpaths 

for the CNC machining center. 

Different ways of dividing the area were considered in relation with the type of connection 

between the pieces (see Appendix 1 - Questionnaire for sighted participants). However, because 

of problems in the design and manufacturing process and also because of limited available time 

before the first scheduled focus group session, it was decided to divide the area in rectangle or 

square sectors (puzzle pieces). This was the easiest and most time efficient option at that point.  

The maximum dimensions of the puzzle and the map for the prototype was decided to be 

280x290mm (excluding the frame) which is also the maximum standard size of a Braillon 

(Gardiner & Perkins, 2002) page for a vacuum formed tactile map. The reason for the selection 

of this size was that it is generally recommended to have a maximum width of two-hand span 

which allows the hands to provide a frame of reference for estimating the relative positions and 

distance of map elements (Rowell and Ungar, 2003). In a study including 123 boys (9±2 years 

old) and 70 girls (8±2 years old) the measured hand span (the distance from the tip of the thumb 

to the tip of the small finger with the hand opened as wide as possible) was (mean ± SD) 

17.8±1.5cm for boys (n=123) and 17.2±1.5cm for girls (n=70) (Espana-Romero et al., 2008). 

http://dds.cr.usgs.gov/srtm/version2_1/
http://dds.cr.usgs.gov/srtm/version2_1/Documentation/SRTM_Topo.pdf
http://dds.cr.usgs.gov/srtm/What_are_these.pdf
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As mentioned above, the selected area was divided in rectangular or square sectors depending on 

its dimensions and the determined number of pieces. Different numbers and divisions of pieces 

were considered under the following conditions: 

 All sectors should include at least a small piece of land (including neighbouring islands) 

in order to provide a clue for assembling. 

 Pieces should be neither too big nor too small so the user can hold them and touch them 

with convenience. Very small pieces were considered not appropriate for visually 

impaired users. 

 Pieces should be divided in such a way that there are no pieces which look identical and 

can fit in more than one place correctly. 

 Even though there are puzzles with hundreds of pieces for children older than 8 years, the 

number of pieces should be small enough so a visually impaired user can assemble the 

puzzle in less than 15’ because of time limitations during the FG and the interview 

sessions.  

After trying different settings, the final design was a rectangular map of Crete in 10 pieces (2 

rows of 5 pieces) with dimensions approximately 57x57mm for each piece. For convenience 

reasons and for future reference pieces are numbered from 1 to 10 (from now on mentioned as 

p1,p2, p3, etc.). Pieces on the top row are numbered from 1 to 5 and pieces on the bottom row 

from 6 to 10, left to right. Piece 5 (p5) had the smallest piece of land (tactile graphic) on it, 

which covered approximately 3.3% of the puzzle total area. The corresponding areas on the map 

will also be mentioned as a1 (area on the map that corresponds to the area appearing on p1), a2, 

a3…a10 accordingly.  

Because of the small scale used (approximately 1:875.000) in order to have a maximum width 

less than 30cm, the resulting maximum height according to the scale was less than 3mm (Length 

of Crete≈260km, highest mountain peak=2.456m). Additionally, after inspecting the STL file 

with Meshlab, the height of the relief at some coastal plains did not look to differ from the sea 

level. Therefore, it was decided to create a model with double the height. Even if a border line 

between the sea and coastal plains was visible in this second model in Meshlab, however in the 

produced prototypes (figure 5) the border was not visible and it was barely perceivable by hand. 

As a result there was no clear outline of the island. For this reason a third model was created 

with four times the height resulting from the scale (maximum relief height≈11.2mm). The outline 

of the island was clear in this model and eventually this design was adopted for the prototypes. 

 

  

Figure 5. On the left a prototype (before cutting the pieces), with double the height that results from the scale, where 

the shoreline is not visible and it is barely perceivable by touch. On the right a prototype, with four times the height 

that results from the scale, where the shoreline is clearly visible and perceivable by touch. 
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3.4 Prototype Building 

Various prototypes were built from MDF (figure 6) in the beginning and Pine (figure 7) later. 

Milling of the prototypes was made using a CNC machining center (SCM Tech 80 PLUS). 

Additionally a sliding table saw (SCM SI 16 N 3800) and a wide belt sander (SCM Sandya 7 S) 

were used for further processing. Even though the company Tsigenis Woodcraft use 3D-milling 

for furniture, the prototypes were much more complex including a lot of details and high 

accuracy. As a result during the milling and cutting processes there were revealed problems in 

the selected material, problems in the manufacturing process and the tools used and also 

problems in the design. 

Some of the most important problems were: 

 MDF was easily cracked during the cutting process (figure 8) 

 The tool used initially for the prototype finishing had defects that caused problems during 

the finishing process. Eventually it was replaced with a new tool. 

 Some of the tools used did not give the needed detail to the prototype. So these tools had to 

be replaced with others or prototypes had to be processed further by hand after the 

finishing process. 

 A thin layer of material was left at the bottom of the puzzle holding together all the pieces 

of the prototype during the milling (roughing and finishing) process. This layer would be 

subsequently removed in a wide belt sander (SCM Sandya 7 S). In some cases this layer 

was too thin which had as a result the model to start oscillating during the processing. 

Eventually the support layer broke and the prototype was destroyed. 

 The height of the first models was too small in some geographic areas and it could barely 

be perceived by hand and fingertips (as mentioned in the previous paragraph – 3.3 CAD 

models).  

Instead of more complex solutions for holding together the pieces and as there was no geometric 

locking (as in classic jigsaw puzzles) implemented in the design, a frame inspired from a 

tangram puzzle (figure 9) was created to enclose the pieces. 
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Figure 6. Building prototypes from MDF. 

 

 

Figure 7. Top and side view of a prototype made from Pine. For convenience and further reference, pieces are 

numbered from 1 to 5 on the top row and from 6 to 10 on the bottom row (left to right) and referred to as p1,p2, etc.. 
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Figure 8. Fracture cracks and broken parts on puzzle pieces from MDF that occurred during the machining process. 

 

Figure 9. A Tangram puzzle in its frame which was a source of inspiration for the frame of the 3D puzzle of Crete. 
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3.5 Recruitment and Consent of Participants and  
   Recording Equipment 

Sighted participants were recruited through social media (facebook), word of mouth and in 

cooperation with Labyrinth, a local club of friends of Strategy and Fantasy games. Based on 

participants’ availability, different FG sessions were organized. Visually impaired participants 

were recruited in cooperation with the Cretan Union of the Panhellenic Association of the blind. 

A list of possible participants with contact details was provided to the researcher who 

subsequently organized interviews and a focus group with available participants. Initially 

participants were approached by phone and subsequently meetings were arranged at a suitable 

place and time. Participants for the FG with children were recruited in cooperation with the 

Cretan Union of parents and friends of visually impaired children and representatives of a local 

public school with sighted and visually impaired students.  

Two different informed consent forms were created and handed out to sighted participants and to 

the parents or legal guardians of the children respectively in order to read it and sign it. For 

visually impaired adults there was also an informed consent form available for the cases that a 

sighted parent or legal guardian was present in order to read it to the participant. Otherwise an 

oral consent was provided. Forms contained information about the study, description of the focus 

group or the interview process, confidentiality and contact information. In every case an 

informed consent was provided by all adult participants and parents or legal guardians of 

children. Additionally, all children provided their verbal assent for participating in the research.  

The following video and audio recording equipment and software was used for the needs of this 

research project: 

 A Canon DC50 Camcoder 

 A Panasonic Lumix DMC-TZ65 (as a camera and stand-by video recording equipment) 

 A Hama 4163 Star 63 Camera Tripod 

 Smart Voice Recorder (version 1.7.1) software (app) on a Motorola Moto G XT1068  

 Voice recorder on a Nokia 6303i (software version V 10.12, 08-04-10, RM-443 )  

3.6 Pilot Tests 

Two pilot tests were conducted after building the first prototypes, one with a visually impaired 

child and one with a sighted adult. During these tests, feedback on the prototypes and the test 

process was collected. Also feedback on the developed questionnaire was provided by the 

sighted participant during the second pilot test. A brief description of the pilot tests follows. 

The first pilot test was performed with a congenitally blind boy (12 years old) using a puzzle 

made from pine. Notes were taken by the researcher during the test which was conducted at 

participant’s home with his parents and his older sister also present around the house. During the 

pilot test there was no 3D map available to the participant. Therefore he had to memorize the 

relief of the puzzle before taking the pieces out and subsequently assemble the puzzle by 

memory and by constantly checking if the different pieces fit together correctly. The participant, 

after touching the puzzle for approximately 5’, flipped it on his legs taking out the pieces in this 

way. He started assembling the puzzle but after a few minutes (approximately 10’) he said that 

he cannot make it. His sister (sighted adolescent) offered to help him and they managed to 

assemble it together in less than 5’. Subsequently, the boy took out the pieces again and started 

assembling it on his own. He assembled it in a short time (approximately 4’). However the 

pieces were not mixed after the participant took them out of the frame. Consequently, a possible 

explanation about the short time of assembling can be that the second time he memorized the 

place of each piece. After testing the puzzle, the researcher asked the participant if there is 
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something he would like to change in the puzzle. The boy’s answer was that he would like the 

puzzle to have some kind of sound to indicate if a connection is right or wrong.   

After the first pilot test it was decided to manufacture and provide a 3D map with identical relief 

to the 3D puzzle to the participants. This would allow them to compare the complete relief with 

the relief of the pieces they try to assemble, providing them guidance and confirmation in this 

way. By using the map, the total time of assembling would probably be reduced and no map 

memorization was needed. This was considered necessary because of the limited available time 

for puzzle assembling in the subsequent sessions.  

A second pilot test was conducted with a sighted adult (male, 37 years old) who also tried to 

assemble the puzzle made of pine. This pilot test was video recorded. The participant tried to 

assemble the puzzle without looking at it. However he was not blindfolded and he reportedly 

looked briefly at the puzzle on at least a few occasions (<5 times). The participant started 

assembling the puzzle pieces which were randomly placed by the researcher on the table in front 

of him. In the beginning he did not use the frame or the map. After 3’ the participant asked to 

touch the map in order to get a haptic overview of the relief. Nineteen minutes after starting 

assembling of the puzzle the participant asked to use the frame and he put the pieces already 

assembled in it. Participant completed the puzzle in approximately 25’ after starting assembling. 

A puzzle made from MDF was also presented to the participant. However no assembling test 

was performed for this puzzle. At the end of the session the participant filled in the developed 

questionnaire and subsequently provided feedback about the structure and the content of the 

questionnaire. Eventually, no further changes were made to the questionnaire for the subsequent 

tests as it was not considered necessary after the feedback received in the pilot test. 

3.7 Focus Groups 

The following focus groups were organized and conducted in chronological order: 

1. A mixed group of 5 visually impaired and sighted children of 10-12 years old (figure 10) 

who tested the available prototypes (audio recorded session) 

2. A group of 4 sighted people. Participants initially tested the puzzle prototypes 

blindfolded and subsequently with sight (video recorded session). 

3. A group of 3 sighted people (figure 11) who tested the available prototypes blindfolded 

(video recorded session). 

4. A group of 6 sighted people (figure 12). Half of them tested the puzzle prototypes 

blindfolded while the rest of them with sight (video recorded session). 

5. A focus group of one blind and two visually impaired adults who tested the available 

prototypes (video recorded session). 

6. A group of 3 sighted people who tested the available prototypes blindfolded (video 

recorded session). 

7. A group of 3 sighted people who tested the available prototypes blindfolded (video 

recorded session). 

The structure of the FG with children was: 

 Icebreaking game 

 Rules of the FG 

 Assembling the puzzle – Each participant took the pieces of the puzzle out of the frame 

and tried to assemble it according to the 3D map of Crete (available to VI participants) or 

to a printed image (available to sighted participants). Sighted participants after 

assembling it with the use of their eyes, tried to assemble it again blindfolded. Because of 

the limited available puzzle prototypes, two participants assembled puzzles from pine and 

three participants puzzles from MDF 
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 Keep/lose/change – Each participant talks about what to keep, lose or change in the 

puzzle. This method was introduced by Frohlich et al. (2014) who applied it in focus 

groups with older people. 

 Break 

 Building a puzzle with modelling clay – A box of modelling clay (play-doh) was given to 

each participant and their task was to build a model of a puzzle they would like to have. 

After building their models participants were asked  

o to decide how many pieces they would like their puzzle to have and in what way 

it would be divided (naming the different  pieces if possible). 

o in what way the pieces would be connected. 

 Touching all the models – Participants changed places around the table in order every 

participant to touch every puzzle. During this task sighted participants were blindfolded. 

Participants were asked about their opinion on each model. Additionally they were asked 

to describe what they would have made differently if they had built that model. 

 Scenario about a puzzle (see following paragraph 3.11.1) 

 Break 

 The story behind the model – A participant suggested each one to talk about the model 

they made and explain why they build it in this way. Participant’s suggestion was 

accepted by the moderator and each one of the children talked about his/her model. 

 Assembling the puzzle without the map - Sighted participants, after assembling the 

puzzle with the use of their eyes, tried to assemble it again blindfolded. 

 Conclusion and session assessment – Moderator asks participants what they liked and 

what they did not like from the session. 

 In the end of the FG session at school, each child received a small gift as a form of 

compensation and gratitude for their participation. 

Two focus groups with children were conducted on two consecutive days. The initial planning 

was to have the same participants on both days. However, the parents of one of the participants 

in the first group changed their mind on the second day and did not consent for their child to 

participate in the second focus group. For ethical reasons all the data acquired during the first 

day were deleted. Additionally, another participant of the first focus group fell ill and could not 

attend the second focus group. Therefore, a new participant was found as a replacement. Because 

of the new FG member, there was a new introduction and the rules of the FG were explained 

again from the moderator with assistance from members who were present the day before. The 

FG structure described above was the structure of the second focus group. 

In the beginning of the FG with sighted participants, the moderator asked participants to try to 

assemble the prototype as it is described in the following paragraph (3.9 Prototype testing). 

Subsequently, participants were asked to fill in a questionnaire (Appendix 1 - Questionnaire for 

sighted participants). In addition to the questionnaire sighted participants of groups 4, 6 and 7 

were asked to write a scenario (Appendix 3 - Scenario form for sighted participants). More 

information about the use of scenarios during the focus groups can be found in section “3.11 

Scenario Creation”. Subsequently an unstructured discussion followed about the puzzle. 

In the FG with VI adults the moderator in the beginning asked participants to try to assemble the 

puzzle. A semi-structured discussion followed based on the questionnaire in Appendix 2 (for VI 

participants). Participants were also asked to create a scenario as it is described in the following 

paragraph 3.11.2. 
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  Figure 10. Focus group session – A mixed group with visually impaired and sighted children. 

 

 

Figure 11. Blindfolded participants assembling the 

prototype 

Figure 12. Sighted participant testing the prototype 

3.8 Interviews 

The following interviews were conducted after focus groups with children and several of the 

focus groups with sighted participants had been conducted:  
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 Semi-structured interview with Athanasia Kotsanpapa, elementary school teacher, 

specialized in special education, experienced with visually impaired children (recorded 

interview). 

 Semi-structured interview with Panagiotis Grammenidis, president of the Cretan Union of 

the Panhellenic Association of the blind (recorded interview).  

 Semi-structured interview with Chara Klinaki, sociologist and O&M trainer (recorded 

interview). 

The interviewees tested the prototypes and answered questions about their experience related to 

visual impairment, tactile maps and puzzles. Additionally, possible improvements for the 

prototype were considered and there was a discussion about available possibilities for the 

subsequent steps of the research project.  

Subsequently, eight semi-structured interviews with eight visually impaired individuals were 

conducted. During these interviews, interviewees tested the prototypes and answered questions 

related to products like these, providing their preferences and ideas for further development of 

the prototypes, etc.. The structure and questions of these eight interviews were based in the 

Questionnaire for VI participants (Appendix 2). “Keep/loose/change” introduced by Frohlich et 

al. (2014), which was used in the FG with children, was also used with visually impaired 

participants. Near the end of each session, the researcher used this method as a tool to summarize 

the answers provided by the participants and as a form of confirmation regarding their 

preferences.  

3.9 Prototype Testing 

Visually impaired participants were given an assembled puzzle (made either from Pine or MDF) 

and a map (made from MDF). The researcher explained to them that on the puzzle and the map 

there is a 3D model of the island of Crete and then asked them to explore the map and the puzzle 

for approximately five minutes. When the participant stopped the exploration of the map and the 

puzzle, the researcher asked the participant to take the pieces out and then try to reassemble the 

puzzle. Each participant could try to assemble the puzzle as many times as she/he wanted. 

For the tests that took place at participants’ home, participants could choose a suitable place and 

posture in order to assemble the puzzle. For tests that took place in a cafe, participants were 

sitting on a chair having the puzzle and the map on the table in front of them. Participants tried to 

assemble the puzzle without any specific tasks or method and there was limited or no guidance 

depending on participant’s performance and the circumstances. For example, when a participant 

seemed stuck or if there was little time left, the researcher would help with a question, a remark 

or advice in order to facilitate the process and proceed to the next part of the interview. 

Participants were asked to talk about problems they face during assembling, remarks they want 

to make or ideas they have during the process. At the end of the session VI participants were 

asked to point to some geographic points on the map (Appendix 2 - Questionnaire for VI 

participants - Question 16). The purpose of this question was to indicate if the different 

geographic features on the map are clear and comprehensible. 

In the FG with sighted participants the moderator first asked participants to try to assemble the 

prototype. Participants could choose between any of the following options or combinations of 

these for assembling the prototype: 

 blindfolded or not 

 using the frame or not 

 using the 3D map or not 
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Each participant could try to assemble the puzzle for as long and as many times as she/he 

wanted. Apart from the prototype testing that took place during the focus group sessions, 

additionally 3 sighted users tested the prototype and subsequently filled in the questionnaire. 

3.10 Questionnaire 

A questionnaire about puzzles in general and 3D map puzzles was created and handed out to 

sighted participants. There were 12 questions on two sides of an A4 paper, aimed to provide 

information about: 

 the user 

 user’s experience in puzzles 

 user’s preferences (regarding puzzle’s material, size, complexity, subject, connection 

type, price, etc.) and 

 user’s demands from a 3D map puzzle 

In question 6 of the questionnaire for sighted participants, by mistake there was an overlap in the 

last four options for the number of pieces, 51-100, 100-200, 200-500 and 500-1000. 

3.11 Scenario creation 

Participants, focus group members and interviewees were asked to think of a scenario/story, real 

or fictional, related to a puzzle. The different approaches used to facilitate the creation of a story 

are presented in the following paragraphs. 

3.11.1 Scenario creation with children 

During the focus group with children, the moderator narrated 3 fictional stories related to a 

puzzle. Afterwards, children were asked to come up with their own story and share it with the 

rest of the group. The stories narrated by the moderator are presented below: 

 Story 1: I bought a new puzzle with many pieces. One day, when I had left the puzzle on the 

living room table, my mother while cleaning the room, throw away a piece by mistake. I 

really liked this puzzle so I got sad. I wanted to find that piece to be able to complete the 

puzzle again. I called the company that had manufactured the puzzle on the phone and they 

asked me the serial number of the missing piece in order to send me a new one. In this way 

I ordered a new piece. After a week I received the new piece by post and I could assemble 

my puzzle again. I felt very happy. 

 Story 2: One day they gave me a puzzle with Chrysi on it. Chrysi is an island south of 

Ierapetra, also known as Gaidouronisi (Donkey island). I have never been there but I have 

heard that it is very beautiful. I tried to connect the pieces of the puzzle and after a few 

tries I made it. Next week we are going on a trip to Chrysi and I want to visit all the places 

I have spotted on the puzzle, to walk there and listen to the sound of the sea. 

 Story 3: One day, when I got home, I found a new puzzle waiting for me. It was a present 

from my godfather. The theme of the puzzle was Giouhtas, a mountain rising above 

Archanes. It is said that the mountain has the shape of the face of Zeus. I have also heard 

that on the peak of the mountain there is a church of Christ. I assembled the puzzle but the 

mountain has more than one peaks. So I do not know in which peak this church is located. I 

would like, in some way, to have some kind of mark that indicates where the church is.  

After each participant narrated his/her own story, the moderator asked the group about possible 

issues, related to the puzzle, that emerge from each story. 
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3.11.2 Scenario creation with visually impaired participants 

During the interviews and the focus group with VI participants, the interviewer/moderator after 

making a brief introduction about the use of scenarios in product design asked them to create 

their own scenario as follows:  

 Imagine that you buy or you get as a present a puzzle like the prototype. Please describe 

or enact how you are going to use this puzzle from the moment you bring it home and on. 

In the case that participants were not descriptive or provided a short answer the interviewer tried 

to draw out elements of a story by asking questions like the following: 

 Would you use it right away? 

 Where would you put it? 

 Would you take out the pieces? 

 Would you use it in some other way? 

 Where would you put it after using it? 

3.11.3 Scenario creation with sighted participants 

Sighted participants, after testing the puzzle and filling the questionnaire, were given a form with 

instructions in order to create and write down their own scenario (see Appendix 3 - Scenario 

form for sighted participants). The use of scenarios in product design was explained briefly on 

the first page of the form and two scenarios related to specific products were provided as 

examples. These two scenarios were based on scenarios presented by Garde (2014) which had 

been slightly modified. Participants were asked to write a scenario/story related to a puzzle on 

the second page of the form and also indicate their level of experience with puzzles. In the case 

that instructions and examples were not understood by a participant the moderator additionally 

provided to the participants a page with the scenario examples given to the children in the FG 

(see previous paragraph 3.11.1). 
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4  RESULTS  

In this chapter the results that are obtained with the methods described in the previous chapter 

are compiled, analyzed and compared with the existing knowledge and theory presented in the 

frame of reference chapter.   

4.1 Data Collection and Analysis 

Data were collected using the methods described in the previous chapter. Transcriptions were 

created from the audio and video recordings of the focus group and the interviews with visually 

impaired participants. Transcription coding was based on the categories of the questionnaire 

(Appendix 2 - Questionnaire for VI participants) and additionally, extending the approach of 

Hertzum et al. (2014) with additional codes, the following codes were used: 

 Problems 

 Negative comments 

 Positive comments 

 General comments 

 Ideas 

For the identification of problems, detailed transcriptions of the movements of participants, 

related to the puzzle (hand movements, way of holding and touching the pieces and the map, 

body posture, piece input sequence, duration of the assembling process), were made from video 

recorded sessions. Additionally comments of the participants (see above) and notes from the 

researcher where used. 

No transcriptions were made from the focus groups with sighted participants because of limited 

time. The results of section 4.3 were based on data collected from the questionnaires and 

scenario forms. In cases where these data were not clear, related notes made by the moderator 

during the focus groups (when available) were used for clarification. 

A transcription was made from the audio recording of the focus group with children. However 

useful data were difficult to be collected from this session due to problems explained in section 

4.4. Participants rarely provided complete answers to questions and they were being often 

interrupted by other participants. Therefore, only some parts of the focus group were analyzed 

and no thorough analysis was made. Additionally, as there was only one session with a small 

number of participants, the amount of data collected is rather small. Group composition along 

with group dynamics could largely influence the outcomes from this group. Therefore, safe 

conclusions cannot be drawn.  

4.2 Data collection from visually impaired participants 

Recent and detailed data about the actual population of visually impaired people in Greece are 

hard to be found. According to data provided by the Hellenic Statistical Authority (2002), 

persons reporting “difficulty in seeing (with glasses or contact lenses if worn)” as a main health 

problem or disability in Greece were 75.507 (32.943 males and 42.564 females) in 2002 with 

18.652 of them aged 15-44 years old. Other sources, providing information about blind 

population in Greece, report an estimation of 21.000 blind people in 1990 (Sperl, 2001), 

(Zisopoulou, 2007). Koulikourdi (2005) reports approximately 19.000 people with sensory 

impairment (blindness, deafness) in 1991 according to a report by the Hellenic Statistical 

Authority. However it is not clear if the above mentioned numbers also include partially seeing 

population. It must also be taken into account that the total population of Greece in 2001 is 

reported as 10.934.097 people (Hellenic Statistical Authority, 2001). 



 52 

The small population of visual impaired people in an island like Crete (approximately 300 

registered members in the Cretan Union of the Panhellenic Association of the blind) and their 

limited availability had as a result a relatively small number of participants. Ten visually 

impaired participants, 5 male and 5 female were interviewed and tested the prototypes. There 

were 7 interview sessions (each one including a semi-structured interview and prototype testing), 

one for each of 7 participants, and one more session where 3 participants (2 male and 1 female) 

were interviewed and tested the prototypes as a group (focus group). The age of the participants 

was between 17 and 40 years old, with a median of 26 and an arithmetic mean of 28 years old 

(SD=8,198). Six of the participants were interviewed in their home (of which 5 in the living 

room and 1 in the kitchen) and one participant was interviewed in a café. The focus group also 

took place in a café.  

The focus group and three of the home interview sessions were video recorded. Only audio was 

recorded for the rest of the interview sessions (4 sessions). The shortest session lasted 53’ and 

the longest 86’. The focus group lasted 165’. The visual acuity of the participants can be found in 

the table below (table 4) as it was obtained from participants’ or their parents verbal reports. In 

some cases parents could provide more details (e.g. fraction of visual acuity, age at onset of 

impairment, etc.) about the impairment than participants themselves. However in three cases it 

was simply mentioned “no vision” for an eye. Additionally, some of the participants did not 

seem sure about their exact acuity or said that they believe their visual acuity has been decreased 

since the last time it was measured. Two of the participants had a visual impairment combined 

with a form of intellectual disability (hereafter ID). The participants with ID were capable to 

communicate and they could speak and answer the questions asked by the researcher.   

The level of impairment of the participants appears in the following table: 

Table 4. Visual acuity of the participants and related information 

Participant 
Visual 

Acuity 

Visually Impaired 

since 
Comments 

1 
L: 4/10 

R: N/V 

L: Birth 

R: since 12 years old 
Combined with Intellectual Disability (ID) 

2 
L: <1/20 

R: <1/20 
Birth  

3 
L: N/V 

R: 1/10 
Birth  

4 
L: N/V 

R: 2/10 
Birth  

5 
L: <10% 

R: <10% 
Birth  

6 
L: <1/20 

R: <1/20 
7 years old  

7 
L: <1/20 

R: L.P. 
Birth  

8 
L: L.P. 

R: L.P. 
2 years old Gradual Loss of vision since 2 years old 

9 
L: L.P. 

R: L.P. 
12 years old Gradual Loss of vision since 12 years old 

10 
L: L.P. 

R: 1/20 
16 years old Combined with Intellectual Disability (ID) 

 Explanation of 

abbreviations:  

L: Left Eye  -  R: Right Eye  

N/V: No Vision  -  L/P: Light Perception 
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Participants came from different background. Among them there was a lawyer, a primary school 

teacher, two students, a physiotherapist, a special education teacher, a retired public servant and 

three participants without any occupation or specialization. The two participants with ID had 

attended a special school, and three of the rest of the participants had attended a school for the 

blind for a period in the past. The rest of the participants had attended a mainstream school. Four 

of the participants could read Braille, five could not read Braille and one participant replied “I 

know the meaning of each Braille character but I cannot read texts in Braille”. 

In 6 out of 7 interviews the mother of the participant was present. In some cases the mother made 

comments during the process, helped the participant understand some questions and also helped 

the participant move if it was necessary. In 2 of these interviews the participant’s father was also 

present. However the father did not interfere during the interview. 

Apart from the above mentioned focus group and interviews, there was an additional interview 

with a blind man, 75 years old, who lost his sight at the age of 7. The older participant explored 

the prototype and made some comments providing however limited feedback in comparison with 

the other participants. While exploring the map, he started recognizing different areas and had 

something to tell about each area. For example he mentioned that his son got married in a certain 

place (after touching this area on the map) and that ships departure for a neighboring island from 

a coastal place he recognized, etc.. Nevertheless, because of the large difference in age with the 

rest of the participants, the different background and characteristics of this participant data from 

this interview were not grouped and analyzed with the rest of the data.  

4.2.1 Puzzle and map experience 

Regarding previous experience with puzzles, 6 of the participants had used puzzles before. One 

of them said that “I used to assemble puzzles when I could see, but that was in the past” and 

another one replied “I have assembled puzzles but not a puzzle curved in wood”. A participant 

that had not used a puzzle before answered “I would not be able to do it anyway because even if 

it had tactile graphics on it, it would still be hard to put together pieces that are so small”. A 

participant in the FG stated that “I would use puzzles if there were accessible ones for blind 

people” and the 2 other FG participants immediately agreed on that.  

Five of the participants had never used a tactile or 3D map before. One of the participants that 

had used a 3D map, being a teacher trained in special education, stated that tactile maps are a 

part of special education teachers’ (hereafter SET) training. Three of the participants that had 

used tactile maps before, mentioned that the maps they had used in the past had low accuracy 

and mistakes. 

4.2.2 Setting 

The different settings during puzzle testing are described below:  

 Three of the participants were sitting on their living room sofa, 2 of them having the puzzle 

and the map on their legs and one of them having the puzzle and the map on the sofa table, 

stooping forward to touch it.  

 One participant was sitting on a living room armchair with the puzzle and the map on her 

legs.  

 Two of the participants were sitting on a dining chair in front of a dining table with the 

puzzle and the map on the table.  

 Four of participants (three of them in the FG) were sitting on a café chair having the puzzle 

and the map on the table in front of them. 
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4.2.3 Usability Problems 

During the interaction of participants with the puzzle, various existing problems or potential 

problems were observed by the researcher or reported by the participants. These problems, the 

number of participants that were affected by each problem (which either participants reported as 

a problem or it was observed by the researcher) and related comments appear in the following 

table: 

Table 5 (part 1). Problems detected during interaction of VI participants with the 3D puzzle and the map 

Problem 
# of 

participants Comments 

1.  Not using the 

map 
10 

• All users started assembling the puzzle without looking or 

   touching the map. 

• 4 participants used it only a few times (<5) and only after  

   the researcher's suggestion. 

• The 3 users in FG agreed they do not want to "cheat" by  

   using the map. 

• 3 participants in total used the map continuously in the  

   assembling process. However one of them remembered to  

   use the map at the point when there were only 3 pieces left  

   outside the frame. 

2. Not knowing if 

it is right or wrong 

(uncertainty or 

lack of 

confirmation) 

>6* 

• Putting pieces in the right place and then moving them 

again. 

• Asking if a piece is in the right place. 

• Not being sure if it is right after finishing assembling or 

thinking that it is right when it was not. 

• Putting a piece in the right place but rotated clockwise or 

counterclockwise 90 or 180 degrees (>2 times during 

assembling) (mostly p5 or p10). 
*including the 5 participants who manage to assemble correctly all 

10 pieces of the puzzle 

3. Problems in 

fitting of pieces 

(in the frame) 

5 

• Pieces fit too tight causing difficulties in getting them 

in/out of place. 

• Pieces fit too loose, moving and getting out of place when 

users touch them. 

4. Problems in 

fitting pieces 

without a frame 

4 
Pieces move when touching them while trying to assemble 

the puzzle without using a frame 

5. Users holding 2 

or 3 pieces in their 

hands multiple 

times (>3) 

3 

Although not an actual problem, it can lead to problems like: 

• At least one hand occupied most of the time resulting 

   limitations in touching the map and the puzzle 

•  Dropping pieces 

6. Not using the 

sense of touch 
3 

3 participants tried to assemble the puzzle only by using 

their low vision 

7. Difficulty to 

take pieces out of 

the frame  

(difficult to grab & 

lift them) 

3 

• Users repeatedly (>3 times) tried or tried more than 5’’ to 

lift and grab a piece to take it out 

• A user pointed out that if using repeatedly fingers and 

fingernails on the edges of the pieces, in order to take them 

out, there will be wear on the pieces and the pieces will not 

fit smoothly after some time. 
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Table 5 (part 2). Problems detected during interaction of VI participants with the 3D puzzle and the map 

Problem 
# of 

participants Comments 

8. Difficulty in 

finding the pieces 

outside the frame 

3 

Users were: 

• searching for pieces outside the frame in places that there 

were no pieces (around the frame or on the sofa next to 

them) even in cases when all pieces were inside the frame 

or in their hands 

• asking if all the pieces were there (even if all pieces were 

there) 

In one case when moving from the sofa to the dinner table a 

user pointed out that we should pay attention not to lose any 

piece. 

9. Pieces that have 

defects or are not 

cut with accuracy 

can confuse users 

3 

• 3 users were confused thinking that a part of land was an 

island because of the imperfect cutting of a piece (p5,p2). 

• A user while comparing pieces made from MDF with 

pieces made from Pine mentioned that the existing gaps 

between the pieces of MDF can be confusing. Furthermore 

the user highlighted that the pieces must fit more tightly in 

the frame and should be cut more precisely. 

10. User does not 

understand what 

the puzzle is at 

first touch 

2 

• A user did not understand that the map was cut to pieces 

when given the puzzle. 

• A user thought that every piece is a regional unit while 

taking out the pieces (Crete has 4 regional units divided 

from west to east). The same user said he felt the 

mountains as houses and he thought that this is where a 

city is. 

• 2 users (FG) agreed that there has to be a user guide, 

provided with the puzzle or available online. 

11. Using a map 

wrongly oriented 
2 

2 users had the map in front of them wrongly oriented 180 

degrees. One of them found it out by himself by looking the 

map from a close distance (≈20cm). The other user was 

informed by the researcher. 

12. Tilting a puzzle 

at an angle that 

may cause pieces 

to fall 

2 

2 users lifted and tilted the puzzle at an angle >45° to show it 

the researcher. Pieces did not flip over but in one case when 

a piece was missing from the bottom row, a piece from the 

top row slipped to the bottom row. A potential problem is 

that if the puzzle is tilted at angles near 90° pieces might fall. 

13. Pieces falling 

from users’ hands 
2 Pieces fell from at least two users’ hands 

14. Putting a piece 

in a wrong place 

and not inside the 

frame, or on the 

top of another 

piece in the frame 

2 

Users while trying to put a piece inside the frame, instead 

placed it: 

-on a side/edge of the frame 

-outside the frame 

-inside a wrong frame (while having the Pine and the MDF 

puzzles in front of them on a table) 

-on the map (which was next to the frame) 

-between the map and the frame 

-in the frame on another piece that is already placed in the 

same place. 
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Table 5 (part 3). Problems detected during interaction of VI participants with the 3D puzzle and the map 

Problem 
# of 

participants Comments 

15. Putting a piece 

bottom up – Small 

tactile graphic area 

on a piece 

2 

• A user put a piece (p5) with the bottom facing up more 

than 2 times. 

• A user while touching a piece (p5) mentioned: “there is 

nothing on this piece so I cannot say if it is bottom up or 

not” 

• p5 was also the last piece put in place by 4 out of 5 users 

who completed the puzzle. 

16. After trying to 

put a piece in a 

place where it did 

not fit, putting it 

back in the pile of 

the pieces – 

Mixing up pieces 

from different 

puzzles. 

2 

• A user, after trying a piece which did not fit in a selected 

place, put it back with the rest of the pieces outside the 

puzzle. As a result pieces mixed up and later the user tried to 

put the same piece in the same place. This happened at least 

3 times. 

• A participant in the FG, while sitting on the same table 

with the other participants (each one testing one puzzle) 

emphasized that they all should be careful not to mix up the 

pieces of the different puzzles. 

17. A user does not 

know where to 

start. 

1 

• A user looking at the pieces outside the frame for 1-2’ 

mentioned that she did not know where to start the puzzle. 

• A user not having this problem, mentioned “My brother 

used to say that when you assemble a puzzle first you have 

to place the pieces in the corners” 

18. Map material 

different from the 

puzzle material. 

1 

Regarding the different material of the map and the puzzle a 

user mentioned that “it is a bit confusing but if someone look 

in detail, he/she can find it” (r.n.find right the pieces) 

19. Uncertainty 

about the 

area/elements 

appearing on the 

map/puzzle 

1 

A user mentioned that he is not sure if a neighboring island 

of Crete he touched on the map, appears at a distorted scale 

or not. 

20. Uncertainty 

about how to take 

the puzzle out of 

the slipcase* 

1 

A user, trying to take the puzzle out of its slipcase, asked if 

the right way to take it out is by pushing and pulling it out of 

the case. Eventually this was the right way. 

21. Difficulty in 

putting the puzzle 

in its package or 

putting the puzzle 

in the wrong 

slipcase* 

1 

A user, trying to put the puzzle in the slipcase, had 

difficulties because the slipcase was tight and was deformed 

under light pressure (the peaks of the mountains were on the 

way of the slipcase’s edge). The same user tried to put a 

puzzle in a slipcase of another puzzle unsuccessfully because 

of that slipcase’s (and puzzle’s) different dimensions. 

22. Confusing a 

place on the map 

with a different 

place on the puzzle 

1 

A user, while touching a1 and a2 of the map, put accordingly 

the pieces on a6 and a7 of the puzzle. Later, the same user 

while trying to find how to put a piece on the top left area of 

the puzzle, was touching the top right area of the map. This 

user had the map on his left and the puzzle next to the map 

on his right. 
*puzzle was handed out to 2 participants inside a simple slipcase (four-sided box made of cardboard) 

All participants started assembling the puzzle but no-one was using the map on the same time to 

compare the result. When a participant seemed stuck, the researcher reminded the participant that 
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she/he can touch the map to get help. The three participants in the FG agreed that they will not 

use the map because they do not want to “cheat” as they said. Four participants did not use the 

map except only a few times after the researcher repeatedly suggested them to do so when they 

seemed stuck. One of them, after finding out that some pieces were put in the wrong place, 

mentioned “I didn’t search this area” (r.n. on the map). Three participants in total used the map 

continuously during the assembling process. However, one of them remembered to use the map 

at the point when there were only 3 pieces left outside the frame. While trying to assemble the 

puzzle, three participants used their limited vision instead of their hands. They touched the 

pieces and the map only a few times after the researcher had suggested them to do so.  

4.2.4 Theme preferences 

During the interview, the researcher asked the VI participants to suggest some themes they 

would like to have on a 3D puzzle. Participants suggested various themes (table 6), some of them 

general (e.g. sights) and some of them more specific (e.g. Eiffel Tower).  

Table 6. Themes suggested by visually impaired participants 

Theme 
Participants that 

suggested it 
Comments 

Sights 2 

•  A participant mentioned as examples 

Eiffel Tower, Acropolis and New York. 

•  A participant mentioned as examples the 

Pyramids, Eiffel Tower and Big Ben. 

A human face  

(in tactile graphic or 3D) 
2 

One of the participants mentioned that he 

would like to have his own face on a puzzle 

An ancient sculpture 2 
A participant in the FG suggested it and 

another participant agreed 

Mickey Mouse 2 
A participant in the FG suggested it and 

another participant agreed 

Map of Chania region 1 Chania is a regional unit of Crete 

Map of Greece 1  

Maps of the world 1  

A human anatomy map  

(in tactile graphic or 3D) 
1  

A town plan 1  

Stockholm Topography 

Map 
1  

A route map  

(for guidance of VI people) 
1 

e.g. A route from the closest bus stop to the 

local blind union office 

A TV serial 1 

After researcher’s suggestion when the 

participant said that she likes watching TV 

serials 

Heraklio 1 

After the researcher asked the participant to 

choose a place to be on the puzzle.  

Heraklio is the largest city of Crete. 

Scenery 1 

Participants’ mother had suggested this 

earlier and the participant mentioned it later 

on. 

Flowers 1 

After the researcher asked for a theme other 

than a map and gave as examples flowers, 

scenery, embroidery, an animal. 
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In cases where a participant did not have something to suggest, the researcher made several 

suggestions (these cases are specified in the comments in the above table). In the comments 

appear also cases where a participant in the FG made a suggestion and another participant 

agreed. Additionally, there was one case where the mother of a participant, present in the 

interview, made a suggestion and the participant later adopted this idea. This case can also be 

found in the comments.  

4.2.5 Material 

Participants were asked to suggest any other material, apart from wood, they would like for the 

puzzle. The suggestions of participants appear in the following table: 

Table 7. Materials other than wood proposed by VI participants for the puzzle 

Material 
# of participants that 

proposed it 
Comment 

Glass 1 
 The participant mentioned: “glass in order to 

break it” 

Swell paper 1  

Plastic 2* 

 One of the two participants stated that: “it will 

be lighter (than wood)” 

*suggested by two of the participants in the focus  

  group after it was proposed by the researcher. 

 

Four participants suggested some other material (glass, swell paper and plastic) except wood. A 

participant’s preference was glass in order “to break it”, as she said. Regarding the use of wood 

as material for the puzzle: 

 Six participants did not propose anything other than wood.  

 Four participants stated that they prefer wood over any other material (two of them also 

proposed plastic - see table 7). 

 

Some quotes from the participants regarding wood: 

 “The chosen material is nice because it is easy for someone to examine it (by touching it).It 

is hard enough. It is clearly visible and understood. When someone tries to reconstruct a 

relief, if there are not a lot of options available, simple materials that might often be used 

are not always resistant to extensive touching and might be deformed. This (r.n. type of 

wood) is a good material. It can be shaped to a precise form. So it is a good material for 

precision and also for stability… At first touch wood might not be that friendly but it can 

give you details”  

 “As a teacher, I choose wooden products for children. They are long lasting, they do not 

break, they do not deform.” 

 “I prefer wood, like this (r.n. Pine). Now that I have tested it, it is the best (r.n. material)” 

 

Participants were also asked to choose the material of their preference (for the puzzle pieces) 

between the two available, MDF and Pine. Between these two materials: 

 eight participants answered that they prefer Pine,  
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 one participant preferred MDF and  

 one participant did not answer.  

Some of the participants’ comments related to the two available materials of the puzzle, Pine and 

MDF appear in the following table: 

Table 8. Comments from VI participants about the material of the prototypes 

Pine MDF 

 “It has better quality (r.n.than MDF)” 

 “The islands can be seen clearly” 

 “It has better texture (r.n.than MDF)” 

 “It is much harder (r.n.than MDF)” 

 “The different level between the land and 

the sea is more clear (r.n.than MDF)” 

 “Pine’s texture is more functional on the 

hand…You can feel it more sharply and 

this makes it easier to feel”” 

 “Islands are confusing (r.n.on Pine). It is 

easier to find them on MDF” 

 “The surface on the bottom (r.n.of a piece 

made by Pine) is smoother, it feels better 

than MDF” 

 “It is fluffy” 

 “The islands seem bigger in MDF than 

in Pine” 

 “It is easier to find the right pieces in 

MDF but I like Pine more” 

 “You can find the islands easier on 

MDF than on Pine” 

 “It feels harder (r.n.than Pine)” 

4.2.6 Puzzle Size 

Participants were asked to provide their opinion about the puzzle size and state if they would like 

it to be larger or smaller in size: 

 Three of them (members of FG) replied that for an area like Crete the size is fine but for 

Greece or Europe they would like a larger size. Two of these three suggested a maximum 

size of 50x50cm and one suggested 65x50cm (the longer side parallel to user’s chest) 

 One participant replied that “for visually impaired users a little larger size will be better 

(r.n.in order to fit in additional information like Braille letters) but not something bulky and 

heavy. For sighted users it can be a little smaller”. 

 One participant replied that the size is normal but it can be bigger if one wants to spend 

more time on it.  

 One participant replied that the size must be larger in order to have larger mountains. 

 One participant showed a preference for a size of approximately 70x40cm for Crete.  

 One participant replied that for an area the current size is fine. However for a root (O&M) 

map this participant would like to have a larger size suggesting a size of approx. 45x30cm. 

 One participant replied that the current size is good. 

One of the FG participants also proposed a “gift size” package of 50x35x10cm with a puzzle and 

a map in it. Another participant in the FG agreed with this suggestion. 
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In order to get a clearer overview of the opinion of the participants on the size of the puzzle the 

following graph (figure 13) was created. It includes a categorization of quotes from participants 

in relation with the puzzle size. The category “Current size” refers to the size of the prototypes 

which the participants tested. Some participants provided various comments and preferences. 

Therefore, the number of bubbles is not equal to the number of participants. For example, a 

participant found the current puzzle size “normal”. However she further mentioned that “in order 

to spend more time on the puzzle, a larger size would be preferable”. Consequently, this 

participant’s comments appear in two different bubbles, one under “Current size” and another 

one in “Larger size”. 
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1,2,3,4,5,6 are respectively comments by the same participants 

 

Figure 13. Visually impaired participants’ comments about the puzzle size  

Participants were asked to provide their opinion about the size of the puzzle pieces and to specify 

if they would like it to be larger or smaller. The three members of the FG agreed with the current 

size. However for a larger puzzle they mentioned that they would like to have larger pieces. 

Three participants did not provide any comment regarding the size of the pieces. One participant 

found the current piece size good for a puzzle depicting an area. However this participant 

suggested pieces of a larger size for a route (O&M) map puzzle in order to provide a better 

“For VI users in order fit 

in more information.” 1 

“For sighted 

users”1 

“For an area 

like Crete” 2 

“For an area 

like Crete” 4 

“For an area 

like Crete” 3 

“For an area” 5 

“Normal” 6 

“Good” 

“For a route (O&M) 

map puzzle” 5 

“Up to 50x50 cm for a larger 

map like Greece or Europe” 2 

“Up to 50x50 cm for a larger 

map like Greece or Europe” 3 

“Up to 65x50 cm for a larger 

map like Greece or Europe” 4 

“Approx. 40x70cm 

for an area like Crete” 

“To spend more 

time on it” 6 

“In order to have 

larger mountains” 
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overview of the area of interest. The related comments of seven of the participants appear in 

figure 14. 
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*comments by the same participant 

Figure 14. Comments of visually impaired participants about the size of the puzzle pieces 

4.2.7 Map size 

Two of the participants, both members of the FG proposed dimensions for a 3D map (not a 

puzzle) of the whole Europe for educational purpose. They both suggested a maximum size of 

approximately 60x120cm for a map for schools. However for home use, one of the two 

participants suggested a maximum size of approximately 50x65cm.  

4.2.8 Number of pieces 

Participants were asked how many pieces they would like the puzzle to have. 

 One participant answered that 10 pieces are too many and suggested 4 pieces at maximum. 

 Two participants answered that it depends on the puzzle size. 

 One participant answered that it depends on the purpose of the puzzle. 

 One participant’s answer was: “The (r.n. current) number of pieces is good. It is a bit 

difficult with the pieces of sea, which have one piece (r.n. of land). These are confusing, on 

how to find it. For more (r.n. pieces) it will be difficult because there will be identical 

pieces which will fit everywhere. Unless if you want this to happen (r.n. pieces that fit in 

more than one place). 10 pieces are fine. It is quite difficult. It is not easy. There is the 

puzzle challenge. Now that I think again about it, it could be more pieces. Maybe 3 rows of 

5 pieces (r.n. 15 pieces in total).” 

“For an area this 

size is good” * 

“Good enough. It gives 

a complete view of 

each piece” 

“For a route map puzzle 

so the user can get a 
better overview of the 

area by touching them” * 

“4 times larger for a 

puzzle 50x50cm” 

(FG member) 

“4 times larger for a 

puzzle 50x50cm” 
(FG member) 

“4 times larger for a 
puzzle 65x50cm” 

(FG member) 

“This size is good…If 

pieces are smaller someone 

might lose them.” 

“Pieces are fine. For a larger 

puzzle it will be more 

difficult to assemble it but the 

harder it gets, the better it is.” 
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 One participant’s answer was: “I think adults would like more (r.n. than 10) pieces in order 

the puzzle to be more challenging.” 

 One participant answered that there would not be a problem for him no matter the number 

of pieces. 

 One participant answered that around 10 pieces is fine. 

 One participant’s answer was: “If I want to spend more time, I will prefer a larger one (r.n. 

puzzle). Maybe 16 pieces?”  

 One participant did not provide any answer to this question. 

Participants’ answers were categorized in relation to the number of pieces suggested and they 

appear in the following figure: 

 

        < 10 pieces 

 

 

10 pieces 

 

 

                       >10 pieces 

 

 

Figure 15. Preferences of visually impaired participants about the number of pieces. 

Three of the participants answered either that the number of pieces depends on the purpose or on 

the size of the puzzle. Therefore, their answers are placed in the “neutral area” in the lower part 

of the figure. 

“4 pieces at 

maximum” 

“Around 10 

pieces are fine” 
“If I want to spend more 

time, I will prefer a larger 

one. Maybe 16 pieces?” 

“I have no problem no 

matter the number of pieces” 

“It depends on the 

size of the puzzle” 

“It depends on the 

purpose of the puzzle” 

“It depends on the 

size of the puzzle” 

“The current number is good…it could be 

more pieces. Maybe 3 rows of 5 pieces” 

“I think adults would like 

more pieces in order the 
puzzle to be more 

challenging” 
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4.2.9 Other elements 

Participants were asked if they would like to have more elements on the puzzle and the map. The 

following examples were given by the researcher: 

 Colors 

 Information in Braille 

 Marks for cities and important locations like archaeological sites, monuments, etc. 

The researcher also asked the participants if they have some other ideas for additional elements. 

4.2.9.1 Colors  

Eight out of ten participants answered that they would like to have colors on the puzzle. Some of 

their comments appear below: 

 “For people with low, very low vision, like me, colors help significantly. Strong contrasts 

(r.n. can help).” 

 “Colors or more contrast might help.” 

 “It would be good (r.n. to have colors) in order to have a visible outline in the end. Not for 

using them that much to assemble the puzzle as mainly for confirmation that it is right in 

the end.” 

 “With colors it would be more attractive, especially for children” 

 “Every type of visual impairment has a different point of view on this (r.n. about which 

colors can be helpful)” 

The last one of the above comments was made by the participant who is a special education 

teacher. Some comments that participants made about the colors they would prefer on the puzzle, 

appear below: 

 “More specifically not colors like red and green. Only black, yellow, dark blue, white.” 

 “Black background and white letters” 

 “Not black and white. I prefer the usual colors of a map” 

 “You can put light green with yellow, black with white. Black with blue is confusing for 

me.” 

 “I can see the different colors but if it is green with blue, it can be difficult for me.” 

One participant who was in favor of adding colors stated that “if there were colors on the puzzle 

it would not take long time to assemble it. It would just take a minute because it is small”.  Later 

during that interview the same participant stated that she would assemble the puzzle based on the 

different colors, if available. 

The two participants that did not give positive feedback about the use of colors made comments 

like: 

 “I cannot see colors. Everything looks the same.” 

 “What you need mostly here (r.n. for this puzzle) is the sense of touch… Someone else 

might need colors. If there were no mountains (r.n. in 3D) and there was only the drawing, 

then color would be necessary.” 
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4.2.9.2 Marks for cities and information in Braille 

Eight participants replied that specific marks for the cities could be helpful. Out of the eight 

participants: 

 Six participants replied that an initial letter of each city or region in Braille could also be 

helpful. 

 Five participants emphasized on the need to have a different map with only the outline of 

the depicted area (without any mountains) and marks for the cities or an initial letter of 

each city or region in Braille. 

 Four participants proposed to have also a map legend explaining the different marks. 

 Two participants pointed out that marks, on the pieces of the puzzle, would give a helpful 

clue that may take out some of the essence of searching/exploring. 

 Two participants pointed out that marks, on the pieces of the puzzle or on the 3D map, 

would be confusing especially for children, because they add too much information. 

 One participant proposed marks to be placed on points of interest (e.g. an archaeological 

site, a sign, an obstacle) on a route (O&M) map but not in an area map. 

 One participant replied that it will be good to have marks for the cities but he was not sure 

if it is important. Because according to the same participant the puzzle can be assembled 

even without these marks. 

 One participant proposed that the theme or the title of the puzzle (e.g. Crete) can be written 

in Braille on the top side of the frame above the puzzle pieces. 

 One participant proposed to have also information about the area on a different map. This 

map could just have the outline of the area and text, in Braille or normal letters, about 

specific points of interest. As an example the participant suggested information about the 

mountains and heights "so someone, by reading this, has a very good overview" of the 

area's geomorphology (topography). 

Two participants did not answer this question and did not make any related comments. 

4.2.9.3 Additional elements 

Apart from the map elements described in the previous paragraphs, there were some additional 

elements proposed by the participants or suggested by the researcher during the conversation and 

adopted by the participants. These elements with related comments appear in table 9. Comments 

which do not support the inclusion of a specific element are underlined. 

4.2.10 Connection type 

Participants were asked to choose one or more types of connection, among the ones suggested by 

the researcher, or suggest another type of connection that they find appropriate. The types of 

connection suggested by the researcher were “Fit in a frame”, “With Magnet”, “Loose contact”, 

“Geometric locking” (like normal puzzles) and “Dowel Joint” (for explanation and related 

images see Appendix 1 – Questionnaire for sighted participants p.2). Participants’ preferences, 

on the types of connection and related comments, appear in table 10. 
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Table 9. Additional map elements proposed by the participants or adopted by them after researcher’s suggestion. 

Description 
# of participants 

who proposed or 

adopted the idea 
Comments 

Border line 

between the 

regional 

units 

5 

 All 3 participants of the FG agreed that they want a border line (two 

of them suggested a continuous and one of them a dashed line) 

between the regional units, however included on a different map 

with no mountains. 

 One participant suggested different colour for each regional unit on 

the 3D map. 

Music and 

sounds 
3 

 One participant would like a sound or music to indicate right or 

wrong on the puzzle. 

 One participant suggested a sound or talk to indicate orientation 

instead of a compass because “a blind person cannot read a 
compass”. 

 One participant said that if the target group is children then music 

and sounds can make the puzzle more attractive. 

 2 of the FG members were strongly against the use of sound to 

indicate right or wrong. 

Buildings or 

blocks of 

buildings 

3 
 2 members of the FG proposed to have blocks of buildings on a city 

map. 

 A participant proposed to have buildings on a route (O&M) map. 

Manual in 

electronic 

form or 

audio* 

2 

 One of the FG members stated that a manual in audio or electronic 

form is necessary for a blind buyer. A 2
nd

 member of the FG agreed. 

However the 2
nd 

participant mentioned that if the puzzle is used in 

school, the teacher can provide guidance/directions to the user. 

 Another participant, even though did not specifically asked for a 

manual, talking about his studies, mentioned how much helpful is 

when he has everything in electronic form. 

Distance 2 

 A participant proposed to have distances in km between some 

important places on a 2
nd

 map (on which there is no land relief) 

 A participant proposed to have distances between buildings and 

obstacles in a route (O&M) map. 

Different 

texture 
1 

 A participant (who could not see colours) mentioned that different 

textures on the map would be more helpful for him than colours. 

Compass 1 

 One participant thought that a compass could provide extra 

information. 

 One participant mentioned that he would not like to have a compass 

on the map. 

 One participant mentioned that “a blind person cannot read a 

compass” (see “music and sounds” above). 

Scale 1 

 One participant thought that the scale of the map could provide 

extra information 

 One participant mentioned that he would not like to have the scale 

of the map 

Neighboring 

islands 
1 

 A participant proposed to include small nearby islands that are well 

known, with the accurate orientation, even in a different (distorted) 

scale if necessary because of size and distance restrictions. 

Bridges, 

Dams, 

Lakes 

 

 A participant mentioned that “It would be confusing. All these may 

look alike.” 

 A participant mentioned that in order not to be confused with the 

natural characteristics, these elements could be included if the map 

was bigger (than the current map) or in a different map. 

Notes: *although not a map element, it can be an element of the puzzle 
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Table 10. Participants’ preferences and comments about different connection types 

Connection 

type 

Participants 

that prefer it 
Comments 

Fit in a 
frame 

6 

Pros: 
“Appropriate for the blind” 

“Pieces fit in, they do not move when someone is touching them and 

you cannot lose them. It is stable and protected. Someone can 

understand the outline of the puzzle…and knows that the result, in this 
case, is a rectangle. The user can understand the dimensions of the 

depicted theme. It provides a sense of space.” 

“I like this way. It trains your brain because you can assemble it in a 
wrong way and then try to assemble it again correctly.” 

“It is the best solution for a wooden puzzle” 

“It is the only solution for using it in a school” 

“Even if the frame is available someone can try to assemble the puzzle 
without the frame” 

With Magnet 6 

Pros: 

“More attractive to children” 
“Possible to put it on the fridge door (if the magnet is on the back of 

each piece)” 

Cons: 

“It would be harder to move the pieces and more time consuming” 
“It can give a clue so it is cheating (for magnet on the sides)” 

General Comments: 

“(Placed) on the sides of the pieces or in the back and a frame with 
metal bottom” 

“On the sides of the pieces it would give a clue because of the north and 

south pole (of the magnet) but also normal puzzle pieces give this kind 
clue” 

Geometric 

locking like 

normal 
puzzles 

2 

Pros 

“The user has to know the puzzle rules (e.g. putting the pieces in the 

corners first) so it is also interesting.” 
“You can tell when you assemble two pieces in a wrong way” 

Cons 

“A frame is still needed in my opinion” 
“It would cause problems on the 3D relief” 

“In this way the edges of the pieces would not be the same” 

General Comments: 

“The locking could be on the back in order not to change the 3D relief” 

Loose 

contact 
 

Cons 

“It would not feel as solid as in a frame” 

General Comments: 
“With a frame it is much easier” 

Dowel joint  

Pros 

“Half the cost of the frame” 

Cons 
“Too complex if the user has to put them in place” 

“We would lose the pins” 

“Even if the pin is fixed on one side it might worn out or break after 
using it 5-10 times so it will not fit tightly” 

“Not appropriate for using them in school” 

General comments 

“If dowel pins were fixed they could provide a clue on how to assemble 
the pieces” 

“Extra dowels must be provided in case of losing some of them” 

Hook & loop  Proposed by a participant who then chose another type of connection. 
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Comments were categorized as “pros”, “cons” or “general” according to the participants’ opinion 

expressed at the time. For example, a participant liked the fact that geometric locking gives a 

clue about how to assemble two pieces. So this comment was placed in “pros”. On the contrary, 

another participant did not like the fact that magnets on the side of the pieces provide a clue. As 

a result this comment was places in “cons”. 

A participant proposed “hook-and-loop” fasteners attached on the pieces as a possible type of 

connection but later on the conversation showed preference for different types of connection. 

One participant did not provide any answer to the question about a preferred connection type. 

4.2.11 Buying interest 

Participants were asked if they would buy a puzzle like the one they tested.  

 Six of the participants answered that they would buy it.  

 One participant answered that it is not certain.  

 One participant answered that he would not buy it.  

 Two participants did not answer this question.  

Related comments from five participants appear in the following table. Comments are 

categorized as “yes”, “no” and “not sure” according participants’ answer to the above mentioned 

question. 

Table 11. Participants’ comments related to the question “Would you buy a puzzle like the one you tested?” 

Yes No Not sure 

“Yes. Why not? Especially 

if it is something that I am 

interest in, because of its 

shape. For example, if I 

could find a puzzle of 

France or a certain city in 

France where I hope to 

live someday, why not?” 

“What can I do with a map 

of an (geographic) area? I 

do not need a map of Crete 

or a map of an area in 

Greece. If it was a route 

map I would try to buy it. I 

would try to check if I can 

use it.” 

“I am not sure that I would buy it in 

this case. I would buy it if it would 

make me understand certain things. I 

would buy it if I had a blind child so 

I can show him/her some things and 

teach him/her geography. I would 

buy it if I was younger when I 

wanted to learn more things.” 

“At some point I have to 

buy it in order to use it at 

school.” (SET’s answer) 

  

“If I could find one in the 

market I would try to buy 

it. But it is hard to find 

one. Maybe I can find a 

map but then I have to 

divide it in pieces 

somehow. I think it is a bit 

hard to do that.” 

  

Participants were also asked how much money they are willing to spend on a product like this: 

 Three participants (FG members) answered that they would pay between 15 and 25 Euros 

for a puzzle like the one they tested (same size).  

 For a puzzle of a larger size one participant answered she would pay around 40 euro and 

two participants (FG) answered that they would pay up to 50 euro. One participant (FG) 

answered that he would pay up to 70 euro for puzzle of the size of a table (60x120) and 
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another participant answered that he would pay up to 100 euro for a route map puzzle with 

dimensions around 30x45cm. 

 Two participants answered that they would buy it if it was at a “normal price”. 

 One participant answered that it depends on the type of wood. 

 One participant answered that “it depends on the market value, the possibilities the product 

offers and on how much knowledge and entertainment it can offer to children and adults”. 

This participant further mentioned that he would pay more than 10 euros and maybe up to 

20 euros for a product that offers different possibilities. 

 Two participants did not answer this question. 

In order to have a better overview, participants’ quotes were categorized to these referring to the 

current puzzle size or a larger puzzle size. Also quotes that were not related to the size of the 

puzzle were categorized as “other answers”. All these quotes appear in figure 16. 

4.2.12 Scenarios 

Some participants provided very short answers like: 

 “I would just like to watch the puzzle (r.n. instead of assembling it).” 

 “When I get a puzzle like this, I will take whatever I can from it and then I will either place 

it somewhere as a decorative product or I will place in my archive, at my office (home 

office) and I will keep it there. When I need some information from it, I will get back to it.” 

 “I would take it out of the box and I would put it on my bookcase without disassembling it. 

Then at some point, if I wouldn’t have something else to do I might try to assemble it.” 

 “I would put it at some place where it would be accessible every day. Even if I am just 

walking by that place, to be able to stop and have a look at it. Or in the case that I want to 

search for something on it, to be able to reach it by walking just a few steps. Like the map 

that I have on my bedroom’s door.” 

 “If it is something I am interest in, I will try to assemble it right away. And if it can be 

stored vertically, I would put it that way, in the room where I work.” 

 “I would put it at my office, on my desk, on a tripod (r.n. a stand) or vertically on the wall.” 

 “I would put it on the table in order to explore the relief and then I would put it away. If it 

was an area like Crete for how long would someone explore it? Maybe 1-2 times in order 

to learn the area. Then I could hang it on a wall. After exploring the area a few times I 

think it would be useless.” 

 “I would try to assemble it right away, wherever it was more convenient, in the living room 

or in my bedroom. Then I would either leave it assembled and I would hand it on a wall or 

I would try to assemble it over and over again.” 

Most of the above mentioned stories were provided as consecutive answers to moderator’s 

questions presented earlier in paragraph 3.11.2. 

A participant started narrating a story less relevant to the researcher’s question. It was a story 

about a camera and the participant tried to emphasize on the need to design and build a product 

that has different accessories and will break after sometime. According to that participant a 

puzzle like the prototype which “has no accessories, no wear and it doesn’t break” will sell 

limited items and therefore the design has to change direction in order to sell more items, 

accessories and spare parts. 
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Figure 16. Participants’ quotes answering the question “How much money would you spend on a product like this?” 

categorized in regard to size (“current” and “larger”) and other answers (not related to the puzzle size). 

“For Crete, 15 to 20€” 

“I would give around 15-20€, 

maybe even more... I would give 

22, 23 maybe even 25€.” 

“For a large size as big as our 

table (60x120cm), I think I 

would give 60 to 70€.” 

“It depends. I would patronize it for sure 

because these kinds of products are not widely 

available. So no matter the price (laughing). If 

it is available at a normal price.” 

“If there was a route map 

(approx.30x45cm) I was interest in, 

no matter the price, if the price was 

normal, I would buy it. I don’t 

know, maybe up to 100€.” 

“I would give around 50 €.” 

“I think around 30-40€.” 

“It depends on the market value. If there are all these 

possibilities so a child could play, could study, could obtain 

information, I really don't know. Definitely more than 10 

euro, 15 or maybe 20. It depends on how much knowledge 

and entertainment it can offer to children and adults.” 

“It depends on the type of wood because this is 

important. Then I would ask for a special price or 

a discount.” 
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A blind participant provided the following story:  

«Let’s say that I have bought this puzzle. If I don’t have someone to explain me what this is, I 

will not spend time on it. When this (the map) is included too I can assemble it by myself. If 

there is the map and ten pieces in a bag, I can buy it. Maybe a friend that already bought the 

puzzle has told me “A puzzle of the map of Crete is available in ten pieces. In the package there 

is also a relief map so you know how to do it”. Then I will buy it  too. But if I have no 

information and I just buy the 10 ten pieces or Ι just buy the map then I would think “What is 

this?” Someone has to explain it to you or there has to be some kind of manual in the package.” 

4.3 Data collection from sighted participants 

Twenty-two sighted participants, 12 men and 10 women filled the questionnaire (Appendix 1 – 

Questionnaire for sighted participants) about the 3D puzzle. The age of the participants was 

between 24 and 42 years old, with a median of 32 and an arithmetic mean of 31,55 (SD=4,387). 

Participants came from different backgrounds (engineering, architecture, IT, education, music, 

economics, medicine, design, law, agriculture, acting).  

Twenty participants tested the prototype in test sessions where they tried to assemble the puzzle. 

Nineteen participants tested the prototype at the beginning of a FG session and one participant 

tested the prototype in a separate session. Additionally two participants had time to see and use 

the different prototypes, however they did not try to assemble the puzzle. The shortest FG 

session lasted 58 minutes and the longest 111 minutes. 

Out of the twenty participants: 

 4 tried to assemble the puzzle blindfolded without using the frame 

 13 tried to assemble the puzzle blindfolded inside the frame 

 2 tried to assemble the puzzle using their sight inside the frame 

 1 tried to assemble the puzzle using her sight without the frame 

All participants filled in the questionnaire after using the prototypes. As mentioned earlier no 

transcriptions were made from the discussion with sighted participants in the focus groups 

because of limited time. Therefore the following results are based on data collected in the 

questionnaires and scenario forms. In cases were these data were not clear, related notes made by 

the moderator during the focus groups were used for clarification, if available.  

4.3.1 Puzzle experience of sighted participants 

Participants made a self-evaluation of their experience in puzzles rating from “0” (no experience) 

to “4” (very long experience). The results of the self-evaluation appear in figure 17. One 

participant evaluated himself with “3,5” which stands between “Long experience” rated as “3” 

and “very long experience” rated as “4” providing the following related comment in the 

questionnaire: “I have assembled a puzzle of 2000 pieces in 3 days”. According to the self-

evaluation of participants, their average (arithmetic mean) experience was “2,11”.  

Participants’ answers in the question “When was the last time that you tried to assemble a puzzle 

before today?” appear subsequently in figure 18. 
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Figure 17. The chart shows the experience of sighted participants with puzzles (self-evaluation) 

 

 

Figure 18. The chart shows participants’ answers to the question: “When was the last time that you tried to assemble 

a puzzle, before today?” 

 

The answers of the participants in the question “What was depicted on the last puzzle you 

assembled before today?” appear in the following table: 
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Table 12. Participants’ answers to the question “What was depicted on the last puzzle you assembled before today?” 

Theme 
Number of 

participants 
Comments 

A scenery 6 

Three of the participants were more specific than the 

others describing the scenery as follows: 

 “Paris and London scenery in black & white” 

 “A sea scenery” 

 “An imaginary scenery” 

A painting 5 

Three of the participants were more specific than the 

others describing the painting as follows: 

 “A painting of a tree by Van Gogh” 

 “A painting of a seaside city” 

 “A painting of night by Van Gogh” 

A unicorn 1  

A car (Audi R8) 1  

A boat on a beach 1  

Colosseum 1  

Academy of Athens 

with cinema stars 
1 

 

The letter “T” 1  

Still life 1  

Small cats 1  

The island of Crete 1  

“I don’t remember” 2  

4.3.2 Buying interest of sighted participants for a 3D map-puzzle 

Participants’ answers in the question “Would you buy a tactile map-puzzle?” appear in the 

following figure: 

 

Figure 19. The chart shows participants’ answers to the question: “Would you buy a 3D map-puzzle?” 
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Participants’ answers to the question: “In the case that you would buy a 3D map-puzzle, how 

much money would you spend?” with additional comments they made, appear in the following 

table: 

Table 13. Participants’ answers to the question: “In the case that you would buy a 3D map-puzzle, how much money 

would you spend?” and related comments. 

Amount of money in euro 
# of 

participants 
Comments 

I don’t know/ 

I don’t want to answer 
1  

≤15 1  

11-20 9 
One of the nine participants noted that “it 

depends on the number of pieces and the puzzle” 

5-30 1  

21-30 4 
One of the four participants noted that “it 

depends on the puzzle size” 

21-40 1 Participant noted:“It depends on the puzzle size” 

31-40 4 
One of the four participants noted that “It also 

depends on the number of pieces” 

41-50 1  

 

In order to have a better overview of the above table the results also appear in the following 

figure: 

 

Figure 20. The chart shows participants’ answers to the question: “In the case that you would buy a 3D map-puzzle, 

how much money would you spend?” 
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4.3.3 Area or place of preference 

Participants’ answers to the question “If you could have any 3D map-puzzle what area or place 

would you like it to depict?” and additional comments appear in the following table: 

Table 14. Participants’ answers to the question “If you could have any 3D map-puzzle what area or place would you 

like it to depict?” with additional comments. 

Area or place of preference 
Number of 

participants 

Additional comments by the researcher 

and the participants (in quotation marks) 

Greece 3  

Europe 3  

World 3  

Islands 2* 
*One of the two participants noted: “that can have 

a clear outline because of the sea” 

Surface of the moon 1  

Santorini 1  

Japan 1  

Australia 1  

Italy 1  

A maquette of a famous city 

with monuments 
1  

Monument 1  

Human body 1  

A picture 1  

Continents 1 “that can have a clear outline because of the sea” 

Countries 1 “e.g. Greece, Italy” 

Areas with high relief 1 “zoom in areas e.g. gorges” 

Prefecture of Magnesia 1 A prefecture of Greece (r.n.) 

Epirus – Zagori 1 A region in northwestern Greece (r.n.) 

"A place that I have been in, 

or my homeland, Crete.”  
1 

“If I do not have the map (r.n.: but only  the 

puzzle)” 

“Any place that would 

intrigue me when seeing it." 
1 “If I have the map” 

“A recognizable area or 

tactile relief” 
1  

There was no limitation in the number of suggestions from each participant, e.g. a participant 

filled in “Japan or Australia”. Therefore Japan and Australia appear in different cells in the 

above table. If a certain place was given as an example by a participant then the examples were 

inserted in the “comments” section of the above table. For example a participant filled in 

“countries (Greece, Italy)”. In this case “countries” was inserted in the first column and the two 

examples (Greece, Italy) in the “comments” section.  

 

4.3.4 Puzzle size and number of pieces 

The question regarding the puzzle size was: “If you had a 3D map-puzzle, what area dimensions 

would you prefer it to have and what height?”. Participants could select more than one option. 

Their answers and comments regarding the area appear in the following table: 
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Table 15. Participants’ preference regarding the area dimensions of the puzzle with additional comments. 

Area 

(in cm) 

Number of 

participants 
Comments 

10x10 1  

20x20 1  

30x30 4  

20x20, 30x30 1  

20x20, 30x30, 

50x50 
1 

 

50x30 1  

50x50 7  

30x30, 50x50, 

100x100 
1 

 

50x50, 100x100 1 “It depends on the puzzle theme” 

100x100 3  

“It depends on the 

number of pieces” 1 

“I would start with a small one, since I would like to start 

with a few pieces, and then I would continue with a larger 

one” 

In order to have a better overview of the above table the results also appear in the following 

figure: 

 

Figure 21. The chart shows participants’ answers to the question: “If you had a 3D map-puzzle, what area 

dimensions would you prefer and what height?” regarding area. 
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Participants’ answers regarding height and additional comments appear in the following table: 

Table 16. Participants’ preferences regarding the height of the puzzle with related comments 

Height 

(in cm) 

Number of 

participants 
Comments 

The normal 

height according 

to map scale 

7 
One of the seven participants noted “unless the normal 

height is too small”. 

Up to 5 4  

Up to 10 7 
One of the seven participants noted that “It depends on the 

puzzle theme” 

Up to 30 1  

Up to 50 1  

It depends on the 

area relief 
1 

Participant additionally noted the following: “For example, 

in the map of Crete I wouldn’t like to have the normal height 

as a result of the scale. However for a tactile map of a 

mountain, this height might be OK” 

n/a 1  

In order to have a better overview of the above table the results also appear in the following 

figure: 

 

Figure 22. The chart shows participants’ answers to the question: “If you had a 3D map-puzzle, what area 

dimensions would you prefer and what height?” regarding height. 

After filling in the questionnaire, one of the participants that had selected height “up to 10cm”, 

mentioned that he did not notice that there was also an option “The normal height according to 

map scale” among the available choices. 

Participants’ answers in the question “If you had a 3D map-puzzle, how many pieces would you 

like it to have?” and related comments appear in the following table: 
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Table 17. Participants’ preferences regarding the number of pieces with related comments 

Number 

of pieces 

Number of 

participants 
Comments 

10-20 1 
“I would start with a few pieces (10-20) and then if I could 

assemble it I would try a puzzle with more pieces” 

11-20 4  

21-30 3  

31-40 3  

41-50 3 
One of the three participants noted: “If (I have to do it) blindfolded 

I would choose one with less pieces.” 

41-100 1  

51-100 2  

100 1 

“100 pieces if I use my sight. However, for assembling it 

blindfolded, since I am not experienced, I would first try a 20 

piece puzzle. Then if I manage to assemble it, I would try puzzles 

with more pieces.” 

100-200 1  

200-500 1  

500-1000 2 
One of the two participants noted: “For assembling it blindfolded I 

would try a maximum of 20 pieces” 

As also mentioned in the previous chapter, by mistake there was an overlap in the last four 

options for the number of pieces, 51-100, 100-200, 200-500 and 500-1000. No participant made 

any comments about this overlap. 

In order to have a better overview of the above table the results also appear in the following 

figure: 

 

Figure 23. The chart shows participants’ answers to the question: “If you had a 3D map-puzzle, how many pieces 

would you like it to have?”. 
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4.3.5 Other elements 

Participants selected between the proposed elements and also filled in their own ideas. 

Participants could select or suggest as many elements as they wanted. The following table 

includes selected elements and the number of participants that selected or suggested each one. 

Table 18. Participants’ preferences and comments regarding additional elements on the 3D map-puzzle. 

Element 
Number of 

participants 
Comments 

Colors 13 
A participant suggested that “it would be nice the 

user to add colors after assembling the puzzle” 

Other human interventions 

(e.g. Bridges, Dams, 

Tunnels) 

11 

 One of the eleven participants suggested that 

“apart from the relief, there can be additional 

pieces to put/glue on the puzzle in the end” 

 One of the eleven participants suggested that 

“if the scale is large it would be interesting to 

also have buildings, bridges etc. Additionally 

for some pieces/parts it would be interesting to 

have different textures e.g. grass, trees etc.” 

Buildings 8 

 One of the eight participants suggested that 

“for example in Crete there can be monuments 

(Knossos etc.).” 

 One of the eight participants suggested that “if 

the scale is large it would be interesting to also 

have buildings, bridges etc.” (r.n. also appearing 

in comments for other human interventions) 

Compass 8 
One of the eight participants noted “it (compass) 

makes it easier when it is a puzzle of a place/area” 

Scale 2  

Different textures 1 
A participant suggested “texture that changes, for 

example, when altitude changes on a mountain” 

Since participants could choose or suggest more than one element, some of the above elements 

were selected in combination by the participants (however it was not clear if participants would 

like to have these elements on the same map-puzzle or on different ones). These combinations 

appear in the following table: 

Table 19. More than one elements proposed by the same participant. 

More than one elements proposed by the same participant 
Number of 

participants 

Colors + Other Human Interventions 3 

Building + Compass + Other Human Interventions 2 

Building + Colors + Other Human Interventions 2 

Buildings + Colors 2 

Colors + Compass 2 

Building + Colors + Compass + Other Human Interventions 1 

Buildings + Other Human Interventions 1 

Scale + Compass 1 
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4.3.6 Connection type 

Participants were asked to choose or propose one or more types of connection for the puzzle 

pieces. Participants could choose from five available connection types that appeared in the 

questionnaire and also suggest different types of connection. If more than one type of connection 

was selected, participants had to put the selected types in order of preference. 

Table 20. Connection types selected by the participants and order of preference. 

Connection type 
Number of participants who selected it as Total number of 

participants that selected it 1
st
  2

nd
 3

rd
 4

th
 5

th
 

Loose Contact 7 5 3 1 0 16 

Geometric Locking 6 3 3 3 1 16 

Fit In A Frame 7 5 5 1 0 18 

Dowel Joint 1 2 1 5 5 14 

Magnet 1 3 2 2 4 12 

For example, as it appears in the table above, “magnet” was selected by 1 participant as 1
st
 

option, by 3 participants as 2
nd

 option, by 2 participants as 3
rd

 option, by 2 participants as 4
th

 

option and by 4 participants as 5
th
 option.  

A participant suggested that the theme is divided into its “natural” pieces and proposed these 

pieces to be connected with loose contact. The participant further explained that for example, if 

the theme is a geophysical map, different geographical “elements” (e.g. a mountain or a valley, 

etc.) can be the different pieces of the puzzle. Another participant, who selected “Dowel Joint’ 

among other types, noted that this connection type is indicated “mainly for large pieces”. In a 

conversation with the researcher, after filling in the questionnaire, two other participants 

mentioned that they thought they had to put all the available types of connection in order of 

preference (instead of selecting as many as they want and if more than one are selected then 

putting them in order of preference). 

In order to rank the different connection types in a clearly comprehensible way a 5-points weight 

system can be used (SurveyMonkey, no date). Weights can be assigned in the following way:  

 A weight of 5 for the 1st choice,  

 A weight of 4 for the 2nd choice,  

 A weight of 3 for the 3rd choice etc. 

By applying these weights in the data of the above table using the formula:      

                              
                        

                                                   
                 (1) 

where    : the number of times a connection type was selected as the  - choice 

                : weight of the  - choice  

the ranking average results appear in the following table: 

Table 21. Ranking average of proposed connection types 

Connection type Ranking average 

Loose Contact 4,125 

Fit In A Frame 4 

Geometric Locking 3,625 

Magnet 2,583 

Dowel Joint 2,214 
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“Loose contact” and “Fit in a frame” were selected by the same number of participants as 1
st
, 2

nd
, 

4
th
 and 5

th
 option. However, 2 more participants selected “Fit in a frame” than “Loose contact” as 

a 3
rd

 option. As a result “Fit in a frame” has a lower ranking average. Overall “Loose contact” 

was selected by 16 participants while “Fit in a frame” was selected by 18 participants as an 

option. 

4.3.7 Material 

Participants were asked to fill in their material of preference for a tactile map-puzzle. More than 

one material could be suggested. Participants’ preferences and related comments appear in the 

following table: 

Table 22. Sighted Participants’ preferences on material and related comments 

Material 
Number of 

participants 
Comments 

Wood 18 

 One of the eighteen participants suggested 

“light wood” 

 One of the eighteen participants noted that 

“wood was nice but I would not mind also if 

it was made of some ecological material with 

lower cost (e.g. paperboard)” 

Plastic 3  

Paperboard 3  

Paper 2  

Glass 1  

Soft material 1  

Various materials and 

textures 
1 

“Various materials and textures. However wood 

(r.n. Pine) was nice”  

Any light material that is 

abrasion resistant 
1  

Any material that retains 

details 
1  

4.3.8 Scenarios 

The “Scenario form for sighted participants” (see Appendix 3) was handed out to the participants 

of the last 3 focus groups (12 participants in total). 3 out of the 12 participants did not want to 

write a scenario. Another participant used the form to write comments and ideas about the puzzle 

instead of a scenario. In total 8 participants (out of 12), 4 male and 4 female, were willing to 

write a scenario. At least one participant in every focus group asked for more clarifications. 

Therefore the moderator additionally provided to the participants a page with the scenario 

examples given to the children in the FG (see paragraph 3.11.1). 

In a participants’ scenario, a male actor having Parkinson’s disease finds it hard to connect 

puzzle pieces, especially small ones, because of this disorder. Therefore he would like to have a 

puzzle with pieces that can be connected easily. The actor thinks that he would like something 

like the puzzles played on computers where the user has simply to drag the right pieces close to 

each other and then they are connected automatically. 

Another scenario brings up the problem of pieces that look similar (e.g. pieces of the same color 

that are parts of a larger motif like the sky, a valley or grass on an ordinary puzzle) which can be 
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confusing to users. In the story the users looking carefully at the “unique connections” of pieces 

managed to assemble the puzzle. Another participant through his story suggests a design that can 

include the puzzle and the map in a “small suitcase”. As the “suitcase” opens there is the map on 

one side and a space where the puzzle pieces are placed on the opposite side. A similar design 

was proposed by a visually impaired user in an interview earlier during the research. 

In a different scenario the actor, a little girl, would like to build a puzzle depicting the fairytales 

she likes to read. While reading a tale she wishes she could assemble the puzzle in parallel with 

the areas and the characters she reads about. Finally, a participant wrote a scenario about a 

puzzle which depicts a famous painting. After the puzzle was assembled it was placed in a frame 

and given as a present and now it is hanged on a wall. 

4.4 Data Collection from focus group with children 

The FG with children took place in a public primary school in Greece. A teacher was in the next 

room, entering the room occasionally to check if everything was fine, without interfering further. 

The participants of the focus group were 3 boys and 2 girls. One of the boys was congenitally 

blind and another one was visually impaired (having only light perception). Two of the boys 

were 11 years old and the rest of the participants were 12 years old. The duration of the FG was 

approximately 120 minutes including two breaks of 10 minutes. 

Despite the rules set at the beginning of the focus groups more than one participant was often 

speaking at the same time. Also at certain points some members censored others’ comments and 

tried to make light of the topic. Sighted participants seemed to be less critical with models built 

by visually impaired participants and also tried to help visually impaired participants while 

assembling the puzzle and building the model. Female participants made fewer comments than 

male participants and also refused to narrate a scenario. This could be due to the reasons stated 

by Vaughn et al. (1996) and mentioned earlier in paragraph 2.5.1.  Another related reason could 

also be the presence of a male moderator. During the activity “touching all the models” where 

participants had to express their opinion on a model built by another participant, critical 

comments generated reactions from the creators who objected on these comments. Even though 

most of the comments and reactions did not seem serious but rather funny, maybe a different 

design on this activity could prevent or limit comments that could cause inconvenience among 

participants. 

Regarding the puzzle of Crete a visually impaired participant mentioned that it is difficult to 

understand what is depicted on pieces which do not have high relief like mountains. Another 

participant noted that the frame protruding around the 3D map makes exploring the map harder. 

The rest of the participants did not make any comment on the puzzle of Crete. Moderator left the 

room for a couple of minutes while participants were trying to assemble the puzzle. During this 

period participants continued assembling, however sighted participants tried openly to help 

visual impaired participants to move forward with assembling. 

During the activity of modelling with clay children created models they would like to have in a 

puzzle. When this task was given to the children a VI participant complained that he does not 

know anything about puzzle and he did not know what to create. The moderator explained that 

this can be anything they want. Models made by the participants appear in the following figure 

24. 
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Figure 24. Participants’ models made with clay depicting themes of puzzles they would like to have. From top left to 

bottom right: i.Karaghiozis (a lead character of a traditional shadow play) from a VI participant (M), ii.scenery of 

flowers under the sun from a sighted participant (F), iii.a basketball player from a sighted participant (M), iv.scenery 

of a boat in the sea from a sighted participant (F), v.a duck from a blind participant (M), vi.the school room where 

the focus group was conducted with the models made by the participants on the table. 

Moderator asked participants to choose a material of which their puzzle (the one they made with 

clay) would be made of. Three participants (all male) answered that they would prefer wood. 

One female participant preferred cardboard while the other one did not provide an answer. 

Regarding the number of pieces for these puzzles, each student suggested a number of pieces for 

his/her model as follows: 

 model (i) “Karaghiozis” – 8 pieces 

 model (ii) “scenery of flowers under the sun” – 9 pieces 

 model (iii) “basketball player”– 6 pieces 

 model (iv) “a boat in the sea” – 10 pieces 

 model (v) “duck”– 5 pieces 

Subsequently the moderator asked participants what type of connection they would prefer for 

these pieces. A female participant suggested the use of magnet and two other participants (a 

sighted boy and a visually impaired boy) commented that this is a good idea. Additionally, when 

moderator asked participants if they want to hear a sound when they connect the pieces, the two 
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VI children had a positive reaction to the idea. Sighted participants made no comments about the 

use of sounds. 

4.4.1 Scenarios 

The first story created by a participant was very similar to the first story given as an example by 

the moderator. Another participant narrated a second story which even though had a new theme 

suggestion for the puzzle (a Christmas tree) it had also similarities with the 1
st
 example (in the 

new story a piece of the puzzle was wrong instead of lost). The 3
rd

 story by third male participant 

was about a puzzle depicting a basketball player who turns into a real basketball player. As it 

was mentioned earlier, female participants did not create a scenario. At the end of the session in 

moderator’s question “what did you like and what didn’t you like in our meeting today?” one of 

the two female participants answered that she liked the puzzle and what she liked less was the 

story (scenario) stating that “I didn’t want to tell a story”. The other female participant also 

agreed on that. 

4.4.2 Problems 

Participants and moderator were sitting around the table with the recording equipment placed on 

the table. While assembling the puzzle and building their model with clay, participants 

sometimes were banging their hands on the table and as a result the audio recording was loud 

and distorted at these points. Additionally, because of the limited space and in order to overview 

the recording equipment, the two recording devices were placed close to the moderator. As a 

consequence participants sitting next to the moderator could be heard clear and loud in the 

recording while participants sitting on the other side of the table were barely heard at some 

points. 

4.5 Further Data Analysis 

Analysis of qualitative data collected through interviews, usability testing and focus groups can 

partly start with these sessions. New issues emerge during the discussion and the 

researcher/moderator uses follow up probes and makes impromptu summaries (Horner, 2000) 

performing a preliminary analysis in this way. Additionally, compiling and categorizing data 

from transcriptions made earlier, is a result of analysis that has been already conducted on the 

collected data. Continuing this analysis, in order to make final conclusions clearer, data 

presented in the previous section will be further analyzed in the following paragraphs. 

4.5.1 Analysis of Data from visually impaired participants 

Participants came from different backgrounds, having different visual acuity and considering 

their age group (17 to 40 years old) and their interest in the prototypes (6 out of 10 participants 

replied that they would buy a puzzle like the prototype) they can be a possible target group for 

accessible puzzles. Therefore, even though the number of participants was small, useful 

outcomes can be produced from feedback received. These outcomes however should be further 

validated with a larger sample of visually impaired people. Additionally, testing of various 

prototypes with different characteristics, incorporating different elements and features, could 

make participants more critical and their suggestions and comments more specific, making the 

usability testing process more effective as Tohidi et al. (2006) have highlighted. 

Some of the problems detected initially during the puzzle testing were considered as attributes of 

puzzles. For example putting a piece in a wrong place has effects on the rest of the assembling 

process. However, this can be part of the game and the user has to go back to find which piece 

was placed wrongly. Therefore a solution for this kind of problem may not be necessary. If an 
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“easy” version of the game is required, then pieces can “lock” in a unique way providing a 

solution to this problem. Other problems may be a result of inexperience of participants in 

puzzles and lack of methodology. Such problems can be problems (16) and (17). For these 

problems a user’s manual can provide tips and a quick start guide can make easier and simplify 

the overall process. Problems (3) and (7) may seem related to each other however they are 

considered different problems because they can occur independently. For example, pieces can fit 

perfectly (not too loose neither too tight) but nonetheless it can be difficult to take a piece out the 

puzzle if there is no easy way to grab it, lift it or pull it out. 

Although the number of participants (that were affected by each problem) can provide an 

indication about the frequency of the problems, in some cases, this can be misleading. For 

example, regarding problem (5), not all participants tried to assemble puzzle pieces outside the 

frame. However, all participants who tried to do this faced this problem. Another example is 

problem (6) which someone might claim that it is not a real problem. Nonetheless, the diverse 

visual acuity of participants must be taken into consideration. Apparently, participants who were 

blind did not have this problem. Additionally, among the participants there were people who, 

even if they are visually impaired, rarely use their hands for haptic recognition and largely 

depend on their limited vision. For every one of the problems appearing in paragraph 4.2.3 the 

following parameters, related to the puzzle testing process, must be taken into consideration: 

 Different visual acuity of participants 

 Different training of participants (related to their visual impairment) 

 Different tactile discrimination training and abilities of participants 

 Different experience of participants in tactile maps and puzzles 

 Different settings (the noisy environment of a café might impede participants’ ability to 

concentrate on the puzzle testing) 

Because of the exploratory nature of this study and the limited control of the conditions during 

the puzzle testing, certain outcomes can provide only indications for related issues. However, 

these indications are not sufficient for safe conclusions and further research and tests are 

required. For example, problem (18) was discovered during the conversation between the 

researcher and the participant that made a comment about it. There was no specific question to 

all participants about the different material of the map and the puzzle. Thus, conclusions about 

the frequency of this problem, based solely on a participant’s comment, cannot be drawn.   

On the following table (table 23) the problems presented in paragraph 4.2.3 are given a severity 

rating based on the one-dimensional scale (0 to 4) introduced by Nielsen (1994) which was 

presented earlier in chapter 2. Because of the small number of participants and for the reasons 

explained above, the proportion of users that faced each problem cannot be considered 

representative. Therefore the one-dimensional scale of Nielsen is used instead of the two-

dimensional scale. Additionally the dimension “first time only problem” also suggested by 

Nielsen (1994) is used to indicate if a problem occurs only during the first time the product is 

used. Ratings are estimations based on researcher’s judgment.   

Many of the problem reported in the next table could be just problems of the available prototypes 

which were not as detailed and as processed as a finished product. For example problems in 

“fitting the pieces”, problems related with product’s package (slipcase) and pieces with defects 

are not expected to appear in the end product.  
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Table 23. Severity ratings of detected problems based on Nielsen’s scale (1994).  

Problem 
Severity 

rating 

First time 

only 

problem 

Not knowing if it is right or wrong  

(uncertainty or lack of confirmation) 
4 No 

Problems in fitting of pieces (in the frame) 4 No 

Pieces that have defects or are not cut with accuracy can confuse users 4 No 

Putting a piece bottom up – Small tactile graphic area on a piece 3 No 

Problems in fitting pieces without a frame 2 No 

Difficulty to take pieces out of the frame (difficult to grab & lift them) 2 No 

Using a map wrongly oriented 2 No 

Uncertainty about the area/elements appearing on the map/puzzle 2 No 

Uncertainty about how to take the puzzle out of the slipcase 2 Yes 

Difficulty in putting the puzzle in its package or putting the puzzle in 

the wrong package 
2 No 

Confusing a place on the map with a different place on the puzzle 2 No 

Users holding 2 or 3 pieces in their hands multiple times (>3) 1 No 

Difficulty in finding the pieces outside the frame 1 No 

Lifting a puzzle at an angle that may cause pieces to fall 1 No 

Map material different from the puzzle material. 1 No 

Not using the map 0 No 

Not using the sense of touch 0 No 

User does not understand what the puzzle is at first touch 0 Yes 

Pieces falling from users’ hands 0 No 

Putting a piece in a wrong place and not inside the frame, or on the top 

of another piece in the frame 
0 No 

After trying to put a piece in a place where it did not fit, putting it back 

with the rest of the pieces outside the frame – Mixing up pieces from 

different puzzles. 

0 No 

A user does not know where to start. 0 No 

Puzzle themes proposed by the participants were various. However, the majority of themes (6 

suggested themes) were related to maps. A possible and obvious reason for this is that the 

prototype tested by participants was also a map. Other themes that were suggested by more than 

one participant (excluding answers in FG) are sights, which is a common puzzle theme, and a 

human face. For themes that were suggested by more than one participant in the FG (ancient 

sculpture and Mickey mouse) the fact that a participant expressed an idea and another participant 

agreed must be taken into account (influence between FG members). The same applies to ideas 

that were adopted after a suggestion by the researcher or by an observer (for example “scenery”). 
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Regarding the material of the puzzle, wood seems well accepted by participants who provided 

limited different options. Eight out of ten participants prefer pine. Weight, durability, texture and 

sharpness are some characteristics related with the material, emerging from participants’ 

comments. Five participants (excluding FG members) would prefer a larger size for the puzzle 

for different reasons. The three participants of the FG find the size of the current puzzle 

acceptable for an area like Crete. However they would like a larger puzzle for a larger area like 

Greece or Europe. Two other participants find the current puzzle size acceptable (“good”, 

“normal”). The current size of pieces was found acceptable by seven participants. However, four 

of the participants (three of them FG members) suggested a larger piece size for a larger puzzle 

size. Participants’ answers regarding the number of pieces vary. Therefore safe conclusions are 

difficult to be made. 

Eight out of ten participants were in favor of adding colors to the puzzle. However as a 

participant who is a trained SET highlights “every type of visual impairment has a different point 

of view on this (about colors)”. Participants’ comments and preferences about specific colors 

also point out to this direction. Therefore, colors have to be carefully selected in order to be 

helpful and meaningful for the majority of visual impaired users.  

Specific marks, indicating where cities are, could be helpful, according to eight of the 

participants. Also an initial letter in Braille for each city or region could be helpful according to 

six out of these eight participants. However five out of the eight participants highlight that a 

different map without any mountains but the outline of the depicted area, would be a better 

solution in combination with marks for the cities and Braille letters. The reason for this is that if 

marks and additional information, like Braille letters, are added to a raised-relief map it can be 

confusing according to these participants. Also as two participants point out, marks on the puzzle 

pieces would give clues that may take some of the essence of the puzzle as an activity. A map 

legend explaining the different marks was also proposed by four participants.   

Regarding the suggested map elements appearing in table 9 “music and sounds” seems like an 

element that could make the puzzle more attractive to children as also comments from visually 

impaired children in the focus group indicate. However two of the FG members highlighted that 

making things easier for children has drawbacks in tactile discrimination training. All three 

participants of the FG agreed that this kind of puzzle (like the prototype) could have a significant 

contribution in tactile discrimination training apart from using it as a puzzle (leisure 

entertainment) and as an educational aid in geography. These participants considered advanced 

tactile discrimination as a vital skill of visually impaired people which should be trained at a 

young age.  

Participants’ opinions about additional elements such as compass, scale and other human 

interventions were contradictory and even if border lines were adopted by five participants, three 

of them (FG members) agreed on the need for a different “flat” map with no mountains in order 

border lines not to be confused with other physical characteristics. Therefore, as it was also 

highlighted in section 2.3.1 about tactile maps, if the target group is visually impaired users any 

additional map elements and features should be carefully implemented in order not to impede 

map exploration and understanding. Even though “using different textures” on the puzzle was 

proposed as idea by only one participant, this idea can be of significant importance. Different 

textures are already used on maps for visually impaired people and help blind people in 

discrimination of different areas and characteristics similar to the way that colors help sighted 

participants. 

The two more popular connection types among participants were “fit in a frame” and “magnet” 

with the first one getting entirely positive comments. In the case of “magnet” also disadvantages 

were noted by two of the participants. However the fact that participants could only test the “fit 

in a frame” and “loose contact” types of connection might had an impact on their preference. 

Regarding the buying interest for the puzzle, from the eight participants that responded on this, 
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six of them stated that they would buy a puzzle like the one they tested. For the current puzzle 

the three FG participants suggested prices between 15 and 25 euro. For a larger size prices 

between 40 and 100 euro were mentioned. One participant answered that the price depends on 

the knowledge and entertainment and other possibilities that the puzzle can offer. The type of 

wood was also important for another participant. Overall, given the various comments of 

participants about an acceptable price, no reliable conclusions can be made about a 

recommended price.   

4.5.2 Analysis of Data from sighted participants 

The average age of sighted participants was approximately 3,5 years higher than that of VI 

participants. All, except one, sighted participants had some kind experience on puzzles while 4 

out of 10 VI participants had not use a puzzle before. The fact that 11 out of 22 sighted 

participants had assembled a puzzle in the last year or more recently also confirms their reported 

experience. 

The theme of the last puzzle, that participants assembled, can indicate the preference of the 

participants on available puzzle themes. However, this puzzle could also be a gift or a puzzle 

assembled at a friend’s place. Therefore the answer to this question is not always indicative of 

participant’s preference. It should be noted that questions about “experience”, “time since the 

last assembled puzzle” and “theme of the last assembled puzzle” are used also as a triangulation 

method in order to verify participants’ self-evaluated experience.  

The most common answers about the theme of the last puzzle, that participants had assembled, 

were “scenery” (6 participants) and “painting” (5 participants). Another participant’s answer 

“still life” could also be a painting but no further details were provided by the participant about 

this. Participants provided various answers to the question about the place or area they would 

like a tactile map-puzzle to depict. A participant chose to suggest “a human body” and “a 

picture” instead of a place or an area while another participant suggested “Europe or a 

monument”. The most popular answers were “Greece”, “Europe” and “World” with each one of 

these themes suggested by three participants. “Islands” in general were suggested by two 

participants while one participant suggested “Japan and Australia” and another participant 

suggested “Santorini”, all of them being islands. The exact answer of one of the participants that 

suggested islands was “islands or continents that can have a clear outline because of the sea”. 

Half of the participants (11 out of 22) answered that it is highly possible that they would buy a 

tactile map-puzzle. Nine participants answered that they would pay 11 to 20€ for a tactile map 

puzzle while four participants answered 21 to 30€ and four other participants were willing to pay 

31 to 40€. Four participants, who had all selected different price range, either commented that it 

depends on the puzzle, or on its size, or on the number of pieces. These comments indicate that 

the price, which a buyer is willing to pay, depends on different parameters and features of the 

product and cannot be easily defined without further information on these attributes. 

The most popular area size for a tactile map-puzzle was 50x50cm, selected by 7 participants 

(plus 3 participants who selected this area size among their other selected options). Area size of 

30x30cm was selected by 4 participants (plus 3 who selected it among other options) and 

100x100cm was selected by 3 participants (plus 2 who selected it among other options). 

Regarding the tactile map-puzzle height, seven participants answered they prefer the normal 

height according to the scale of the map while the same number of participants preferred a height 

“up to 10cm”. Four participants answered that they would prefer a height “up to 5cm”. The 

answers of participants regarding the number of pieces were diverse. Four participants selected 

11-20 pieces while each one of the options 21-30, 31-40, 41-50 was selected by 3 participants. 

Each one of the options 51-100 and 500-1000 was selected by 2 participants. Three participants, 

with each one of them selecting a different option, noted they would have chosen fewer pieces 

(than their current selection) if they had to assemble the puzzle blindfolded. 
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Colors were selected as a preferred additional element by 13 sighted participants (13/22 sighted 

versus 8/10 VI participants). A comparison between preferences of these two populations 

(sighted and VI) with the current data could be far from valid because of various parameters such 

as the different number of participants from each population, different characteristics and 

specificities, different puzzle experience etc.. However, if this difference was observed in 

comparable data from these populations, a possible explanation could be that adding appropriate 

colors may be more useful to visually impaired users with partial sight in order to distinguish a 

shape or form, than to sighted users who can detect forms and shapes more easily even if there is 

no difference in color. Other “popular” elements among sighted participants were “other human 

interventions (e.g. Bridges, Dams and Tunnels)” selected by 11 participants, buildings selected 

by 8 participants and compass select also by 8 participants. “Scale” was only selected by 2 

participants as a proposed additional element on the map. A noteworthy suggestion by a 

participant was to have “different textures that change, for example, when altitude changes on a 

mountain”. 

Regarding the “connection type” of the puzzle pieces, participants could propose one or more 

connection types and put them in order of preference, if more than one option was selected. Even 

though “Fit in a frame” was selected by 18 participants, “Loose contact” which was selected by 

16 participants, had the best ranking average. “Geometric Locking” was also selected by 16 

participants and had the 3
rd

 highest ranking average below “Fit in a frame”. It would be 

interesting to investigate further the idea of a participant who suggested dividing the theme to its 

geographical features, (mountains, lakes, valleys, capes, etc.) which can be then connected with 

“Loose contact”. A comment that can be connected to this idea was made during the focus group 

with VI participants. A focus group member mentioned that even though he had some previous 

experience with tactile maps, when testing the puzzle of Crete, he noticed for the first time a 

mountain range connecting a part of Crete West to East. A fellow member also mentioned that 

had noticed this and agreed with the previous participant. Division of pieces can be a significant 

characteristic of a puzzle, strongly related with the level of difficulty, the number and size of 

pieces and the type of connection. If each piece is a specific area or land feature, then the user 

can explore each of these pieces separately and thoroughly. In this way the educational value of 

the puzzle could probably be promoted. 

Wood was proposed by 18 participants as the material of preference for a tactile map-puzzle. 

Plastic was suggested by 3 participants while paperboard was suggested by the same number of 

participants. Paper was suggested by 2 participants. Furthermore, a participant suggested the 

inclusion of various materials and textures on the tactile map-puzzle. 

4.5.3 Analysis of Data from focus group with children 

Because of the small number of participants and the small amount of data presented in section 

4.4 no further analysis seems to be required. The results from a single FG cannot be generalized 

for reasons mentioned in paragraph 2.5.2. Therefore more focus groups with similar composition 

should be conducted and analyzed before further conclusions are made. However, in the 

following paragraphs, researcher’s comments and observations related to the conducted focus 

group with children are presented, in order to facilitate the process of focus groups with similar 

characteristics in the future. 

While assembling the puzzle, some of the children acted as this was a competition. They tried to 

assemble the puzzle as fast as possible yelling “I finished!” each time they had assembled the 

puzzle. Near the end of the session, when participants had repeatedly assembled the puzzle and 

could do it very fast a girl asked a boy “Do you want to see who is faster?” and then all three 

sighted participants started assembling the puzzle as fast as they could. In order to prevent this, a 

different setting where children test the puzzle separately unaware of each other’s progress 

would be more appropriate, eliminating any competitive feelings and disappointment among 
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participants. This should be considered necessary especially in similar cases where participants 

have different abilities and perform in a different way.  

Additionally, in this study, there were participants that may never have used a puzzle before or 

have limited experience because of their impairment. Because of this, a different introduction 

and approach to the product (e.g. a simple puzzle with a few pieces and a less complicated 

theme) might have been necessary to allow these participants to understand the use and the 

potential of this product. However, in a group with sighted and visually impaired individuals an 

elementary approach to puzzles might be boring or meaningless for sighted participants. A 

possible solution in this case might have been to have sighted participants blindfolded for the 

whole session. During our FG, sighted children also assembled the puzzle blindfolded but even 

in this way their performance was far better than the performance of visually impaired 

participants possibly because of their experience and their familiarity with the subject of the 

puzzle. 

4.5.4 Reliability and validity of results 

The multiple measurement instruments used in this study (interviews, keep/lose/change, usability 

testing) aim to improve the validity of the results. Methods like questionnaires can be considered 

as standardized procedures for data collection, improving in this way the reliability of the results. 

Reliability could be improved further by using multiple researchers. However this was not 

possible in this study because of the limitations mentioned earlier. 

In general, feedback and preferences of participants regarding attributes and features like 

material, size, connection type and additional elements have to be further checked for validity 

and reliability in a larger population (with a more representative sample) testing also design 

alternatives. As Tohidi et al. (2006) suggest, the use of multiple design alternatives for testing 

could make users more critical. Additionally, during the conducted interviews and focus groups, 

in many cases participants provided their preference and opinion for product characteristics 

different than those of the prototype. This was probably based on visualization of these 

characteristics by the participants or previous experiences they had or combination of both.  

However, a user can be enthusiastic about an idea or potential design which the same user could 

eventually reject when testing it or seeing it in reality. Similarly, there are cases where a user 

initially rejects an idea and then when the same user tests it on an actual prototype, immediately 

approves it. Therefore replicating the study, in different contexts, with the addition of multiple 

designs alternatives and prototypes would produce much more valid and reliable results.  
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5  DISCUSSION AND CONCLUSIONS 

A discussion of the results and the conclusions that the authors have drawn during the Master of 

Science thesis are presented in this chapter. The conclusions are based from the analysis with 

the intention to answer the formulation of questions that is presented in Chapter 1.  

5.1 Discussion 

The gross sales of Ravensburger (one of the largest manufacturers of puzzles and games in 

Europe) in the puzzle segment, increased by 7.3% in 2014 reaching to € 105,6 million euro while 

3D puzzles gained 19,9% of retailers’ sales (Ravensburger AG Group, 2015). Unfortunately, a 

quick search about accessible puzzles for visually impaired users returns limited results. 

Someone might presume that puzzles are not an activity for the visually impaired. However, the 

reported global population of visually impaired people in 2010 was more than 285 million (with 

more than 28 million of VI people in Europe) of which approximately 19 million are children up 

to 14 years old (World Health Organization, 2012). Leaving out this population from an 

entertaining and educational activity such as puzzles does not seem right. 

Considering that 3D puzzles can be accessible and also attractive to visual impaired people under 

certain conditions, this study investigated the preferences, needs and demands of visually 

impaired and sighted users related to 3D map-puzzles and 3D puzzles in general. A participatory 

approach was adopted by allowing potential users to discuss and define the above mentioned 

properties for future products after testing functional prototypes of a 3D map of Crete made from 

wood. Additionally, the usability of the prototypes was studied as participants tried to assemble 

the puzzle and provided feedback, revealing issues related to the product and to participants’ 

abilities and characteristics. 

The selection of participants could have been more diverse since all participants came from the 

local population of Crete. Additionally a larger number of participants could provide more valid 

results. However, because of time and budget constraints and limited availability of visually 

impaired participants and especially children, results can be considered acceptable. Adult 

participants came from various backgrounds and there was almost equal participation from both 

genders which can considered as significant advantages for this type of research. However, the 

partly qualitative nature of this study and the methods selected provided an excessive amount of 

data for a single researcher. Therefore some parts of collected data were not further processed or 

analyzed. Including more participants would have made this study rather impossible to complete 

with the available resources. 

Participants, setting and moderator’s experience and capabilities can have a significant impact on 

focus groups and produced outcomes. This was confirmed in the two focus groups with visually 

impaired participants and children conducted. Limited space can create problems when 

interaction with products and different activities are included in the session (like prototype 

testing or creating models). Furthermore, it makes it difficult for participants and moderator to 

move if necessary while it also impedes placing and controlling recording equipment. Similarly, 

a noisy environment can create problems distracting participants and making transcribing of 

recordings problematic. 

The majority of participants created a sort of scenario using their imagination and suggesting 

themes for a puzzle, indicating alternative ways of using it and also probably revealing a more 

realistic “attitude” towards the puzzle (e.g. use it one or more times, use it also as a décor or put 

it away, etc.). However including scenario creation in the sessions produced less fruitful results 

than expected. Some of the participants did not seem willing to create a scenario while others 

had difficulties in understanding the concept of scenarios. A different approach might have been 

more appropriate than providing examples or making related questions to the participants. 
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Probably a more thorough explanation of the method and the use of a fictional or extreme 

character or mock-ups, dramatic elements and props like these described by Brandt and Grunnet  

(2000) and Iacucci, Kuutti and Ranta (2000), would make the concept of scenarios more 

interesting and comprehensible for the participants, producing better results. 

One of the major problems of the interviews that were part of this research was that in several 

cases parents were present and at some points interfered during the interview. This might have 

affected participants’ behavior or might have influenced their answers and their performance 

during puzzle testing. In one case, a participant became angry by negative comments coming 

from his mother. In another case a mother sat for a while away of the living room, where the 

puzzle testing was taking place, in order not to interfere. However, she maintained eye contact 

with the living room and quickly came back to check participant’s performance looking worried 

and disappointed when the puzzle was not successfully assembled.  

The researcher being an unknown visitor, in most cases, was not a person that protective parents 

would leave alone in a room with their visually impaired children, even if these children were 

adults. A possible solution for this problem could be arranging meetings differently, possibly in a 

“neutral” place without parents being present. Another solution could be to make more than one 

visit to the participants’ place to earn their trust and the trust of their family. Tests conducted at 

participant’s place have the significant advantage that participant probably feels at home and 

uses a product like a puzzle under more realistic conditions closer to the actual use (e.g. sitting 

on a sofa in her/his living room). In a controlled environment/room the setting and conditions are 

usually different. Another solution is to reach to an agreement with participants’ parents that they 

will not be present in the room during the interview and the puzzle test. Unfortunately, this was 

not possible in the current study. Because of the limited number of available participants, 

excluding the cases where parents wanted to be present during the interview would further 

reduce participation in the study. 

5.2 Conclusions 

The developed prototypes had a positive response from the majority of participants. Six out of 

ten VI participants and twenty out of twenty-two sighted participants replied that they would 

possibly buy a product like the prototype. Regarding the material for a 3D puzzle wood was 

considered as an appropriate material from the majority of visually impaired and sighted 

participants. Eight out of ten VI participants preferred Pine over MDF. However, only prototypes 

made from wood were available to participants. Therefore, no direct comparison with alternative 

materials could be made.  

Half of the visually impaired participants would prefer a 3D puzzle larger than the prototype for 

different reasons. Additionally they found the current size of the puzzle pieces acceptable, 

however four of them would like larger pieces in the case of a larger puzzle. Sighted participants 

provided different preferences regarding the puzzle size with ten of them suggesting an area size 

of 50x50cm among others. The addition of colors on the puzzle was suggested by 8 out of VI 

participants and by 13 out of 22 sighted participants. However, the selection of appropriate 

colors that can be helpful for the majority of visually impaired users is necessary or versions 

with different colors can be available. Along with colors, also different textures could provide 

additional information, facilitating map exploration and puzzle assembling, especially for users 

with no vision or inability to distinguish different colors. 

Other elements like Braille letters and marks for cities could be helpful according to the majority 

of VI participants. However, these should be placed in a way that does not impede map 

exploration and understanding. If possible, a different map without the land relief would be more 

appropriate, for implementing additional information such as these, in order to avoid 

misinterpretations. Findings of previous related studies were presented in section 2.3.1. Half of 
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the sighted participants would like have to human interventions like bridges, dams and tunnels 

on the puzzle. Eight participants suggested the addition of buildings and the same number of 

participants the addition of a compass. 

Regarding the type of connection for the puzzle pieces, the majority of VI participants prefer “fit 

in a frame” (the type of connection used in the prototypes) or the implementation of magnet in 

the puzzle. These two types of connection can also be combined as some participants noted. The 

majority of sighted participants selected “Loose contact”, “Fit in a frame” and “Geometric 

locking” (in order of preference) as the preferable types of connection.  

Various usability problems related to the use of a 3D puzzle by VI users were identified. 

According to these findings, the most severe problem was that participants were not certain 

whether pieces are placed correctly or not.   

As also mentioned earlier because of the exploratory nature of this study and the limited control 

of the conditions during the puzzle testing, certain observations and outcomes can provide only 

indications for related issues. These indications may not be sufficient for safe conclusions and 

further research and tests are required. It must also be noted that for the needs of this project 

coding and interpretation was performed by a single reviewer, the researcher himself. However 

coding and rating by more than one independent evaluator is indicated for this type of research in 

order to maximize the reliability of results and minimize the evaluator effect. Additionally, 

consolidating severity ratings of detected issues by a group of experts can also improve 

reliability as Hertzum et al. (2014) have suggested. 

Sighted and VI participants suggested various themes for a 3D puzzle. Maps of different areas 

but also themes related to other topics were suggested. However, children, aged from 10 to 12, 

who participated in the conducted FG did not seem much interest in maps and crafted different 

models using modeling clay. Crafting models with clay was an activity that allowed visually 

impaired and sighted participants to express themselves in a creative and inspiring way, 

removing existing barriers and producing fruitful results. Children seemed to particularly enjoy 

this activity as they also explicitly stated at the end of the session. 

The composition of the conducted focus group with children, including male and female, 

visually impaired and sighted participants, along with the fact that participants were friends or 

simply schoolmates, had probably an impact on the produced results, causing some of the 

problems described earlier. Therefore, as it was analyzed in section 2.5.1, it is important that 

participants are neither friends nor they are connected in a way that can cause problems or 

influence their participation. If possible, they should be of the same sex and they should have 

abilities that allow equal participation in related activities. If not possible, then the session should 

be organized accordingly, with certain guidelines and without activities that may left behind 

participants with different abilities. In any case, an experienced moderator should be recruited 

for conducting important sessions or providing guidance. 

Due to the fact that no previous studies have been found to focus on the field of 3D puzzles for 

visually impaired users, future studies may provide additional data and findings in order to reach 

to reliable conclusions and generalizations. Nevertheless, what is clear from this study is that 

participatory design and associated methods can offer a great potential in understanding users, 

their needs and specificities in order to develop a product that can be accessible, useful and 

entertaining for a narrow or a universal target group. As Wilkinson and De Angeli (2014) 

highlight, all people, no matter their abilities and background, can contribute in different ways at 

every stage of the design process, as long as they are given the appropriate tools for expressing 

themselves and articulating their experiences, thoughts and ideas.  
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6  RECOMMENDATIONS AND FUTURE WORK 

In this chapter, recommendations on more detailed solutions and/or future work in this field are 

presented.  

6.1 Recommendations 

Apart from the existing knowledge and directions presented in the second chapter, various 

recommendations have been provided in the last two chapters where data from the conducted 

sessions were presented and analyzed. In the following paragraphs, related or additional 

recommendations are provided in order to be taken into consideration in future projects. 

During the focus group with children the researcher, apart from moderating the discussion, had 

to track the time, control the recording equipment, hand out materials for the different activities, 

taking notes etc.  While these tasks might be manageable in a session with adults, when 

participants are unruly and playful children the whole process can be very stressful and 

demanding. Therefore a second moderator with experience in groups with children could provide 

a valuable contribution during the sessions. Additionally, especially in the case of children, if 

products or other artifacts (in this case the prototypes) are left in front of the participants after the 

related activity is over, these can distract participants who might continue using them and also 

produce noise which is recorded and makes transcribing sessions much more difficult. Therefore, 

it is recommended to remove from the table any material not necessary for the current activity, 

especially if this material can be distracting for the participants. 

A recommendation should also be made about disruptive participants in a focus group session. 

One of the participants during the session with children was hyperactive and impulsive making 

“biting” comments most of the time about everyone and everything in the FG. Moderator’s 

attempts to control this behavior were not very successful. Apart from excluding participants 

with attention deficit disorder from the group, Vaughn et al. (1996) have cited the following 

frequently used methods which a moderator can use accordingly in order to cut down and put 

limits to verbose members: 

 placing a hand up in a stop position, 

 avoiding eye contact with the participant, 

 patting the participant on the back or arm, 

 summarizing participant's responses, 

 letting other members know it is impossible to hear them when someone is speaking at the 

same time, 

 reminding participants that responses of individuals who speak at the same time cannot be 

recorded clearly 

 changing places to the participants 

However, some of these methods (e.g. hand-up, avoiding eye contact) might have no use if the 

talkative participant is visually impaired or blind and cannot see the moderator.  

When presenting a new product to people who might never have used something like this (like 

presenting a puzzle to someone who might have never used one before) it might take additional 

time and effort from the researcher to explain the concept and make sure that it is understood. 

Otherwise feedback can be irrelevant or generic. In at least one case during the interview 

sessions, a participant, even though initially stated that he knows what puzzles are, provided 

answers and suggestions which indicated that he either did not know what puzzles are or that he 
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had in mind something else when talking about puzzles. Therefore, an introduction would 

probably be necessary along with some questions to acquire evidence that the idea or concept is 

understood. In our case, a relatively simple form of puzzle, provided as a real example, was 

considered necessary facilitating participant’s understanding of the concept in order to 

subsequently provide feedback and answers that are relevant and more useful.  

Regarding the activity of modeling with clay, children repeatedly touched each other models 

trying to explore and perceive their forms haptically. Because of this and because of the 

malleability of the selected material (Play-Doh) some models changed form after repeated 

touching and pressing. As a result, a model could have a different form than the original, when a 

subsequent participant was exploring it. Therefore, it was perceived differently in some cases. 

Consequently, a selection of a different material, which does not change form easily or can be 

hardened, would be more appropriate (e.g. ceramic clay which can be heated, after the model is 

formed, and become hard before other participants touch it). 

6.2 Future work 

There are numerous possibilities for future work resulting from this study. Firstly, data collected 

for the present study can be reviewed and analysed by different evaluators in order to evaluate 

the validity and the reliability of the results and to minimize the evaluator effect. Additionally, 

further analysis can be made, based on the gender of the participants, on their age or on other 

parameters available in the collected data.  

A possible research subject with direct application in manufacturing of related products can be a 

study aiming to identify users’ preferences on the level of detail of the relief. Potential outcomes 

can be used to minimize tooling, material use and total manufacturing time and costs. Jones and 

Lederman (2006) provide data of related studies regarding minimum radius of curvature for 

tactile discrimination while Jehoel et al., (2006 & 2009) present useful findings about tactile 

perception, tactile symbols and maps. 

Furthermore related studies in the future can include: 

 tests in larger and/or different populations. 

 tests with different prototypes (regarding theme, material, number of pieces and size, 

level of detail, additional elements, etc.). 

As it was highlighted by teachers and other participants in this research, a 3D puzzle, depicting 

information in pieces, related with maps or geography or other topics, could be also used for 

learning and O&M training. Therefore, a future study could explore the educational potential and 

related possibilities of a product like this. 

The company where the prototypes were manufactured, Tsigenis Woodcraft, showed strong 

interest in the results of the research. Three 3D maps of Crete of larger size (approximately two 

times larger than the prototypes) were produced after manufacturing the prototypes and were 

donated to visually impaired children. However, because of heavy workload on contract 

furniture and only one available CNC milling center in the company, plans for manufacturing 

more prototypes were put on ice. Despite this, the researcher examines possibilities of different 

ways (e.g. 3D printing) to produce new improved prototypes from various materials. 

Ideally, developing and placing in the market a puzzle, equally accessible to visually impaired 

and sighted users, would be a significant achievement for the future. A product that both sighted 

and blind people talk about and are able to use, jointly or independently, for recreation and 

learning could be a concept of remarkable educational and social value.  
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APPENDIX: SUPPLEMENTARY INFORMATION 

In this section, forms handed out to sighted participants and forms used by the researcher to 

facilitate the interview and focus group processes with visually impaired participants are 

presented. As the research took place in Greece and all participants were Greek, the original 

language of these forms was Greek. A translation in English was made trying to retain the 

original meaning and style, as close as possible. 



i 

 

Appendix 1: Questionnaire for sighted participants (page 1 of 2) 

Name.............................................................                   Age...........................  Gender:  M        F  

1. What is your level of experience in puzzles? (Select an option or fill in accordingly) 

- 0 1 2 3 4 

I don’t know/ I 
don’t want to 

answer 
No experience Limited experience 

Moderate 
experience 

Long experience 
Very long 

experience 

Other: ……….......................................................................................................................................................... 

2. Would you buy a 3D map-puzzle?    (Select an option or fill in accordingly) 

- 0 1 2 3 

I don’t know/ I don’t 
want to answer 

Not likely It is possible It is highly possible Certainly 

Other: ……….......................................................................................................................................................... 

3. In the case that you would buy a 3D map-puzzle, how much money would you spend?  

     (Select an option or fill in accordingly)     

I don’t know/  
I don’t want to answer 

1–10 € 11–20 € 21-30 € 31-40 € 41-50 € 51-60 € 

Other: (e.g. up to 100€): .......................... 

4. If you could have any 3D map-puzzle which area or place would you like it to depict?  

     (You may provide more than one option, if you want.) 

................................................................................................................................................................... 

5. When was the last time that you tried to assemble a puzzle, before today?  

    (Underline an option or fill in accordingly) 

I don’t know/ I don’t 
want to answer 

Last week 
In the last 

month 
In the last 6 

months 
In the last 

year 
Many years 

ago 
I don’t 

remember 

Other: ……….......................................................................................................................................................... 

6. If you had a 3D map-puzzle, how many pieces would you like it to have?  

     (Select an option or fill in accordingly) 

I don’t know/  
I don’t want to answer 

2–10 11–20 21-30 31-40 41-50 51-100 100-200 200-500 500-1000 

Other: ……….......................................................................................................................................................... 

7. If you had a 3D map-puzzle, what area dimensions would you prefer it to have?   

     (Select an option or fill in accordingly - You may select more than one option, if you want.) 

I don’t know/ I don’t 
want to answer 

10x10cm 20x20cm 30x30cm 50x50cm 100x100cm Other: …………….…………………………………… 
............................................................... 

     ... and what height? 

I don’t know/  
I don’t want to 

answer 

The normal 
height according 

to map scale 

Up to 
5cm 

Up to 
10cm 

Up to 
30cm 

Up to 
50cm 

Up to 
1m 

Other: …………….…………………………………… 
............................................................... 
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Appendix 1: Questionnaire for sighted participants (page 2 of 2) 

8. What was depicted on the last puzzle you assembled before today? 

................................................................................................................................................................... 

9. What would you like to have on a 3D map-puzzle apart from the area relief? 

Scale   Buildings     Colors (of the ground, of the sea, etc.)    Orientation indicator (compass)   

Other human interventions (like for example bridges/dams/tunnels)   

Please specify: .................................................................................................................................................  

Other: …………………………………………………………………………………………………………………………........................... 

10. What type of connection would you like to have in order to connect the pieces of the 3D map-puzzle?     

        (If more than one type of connection is selected, please put them in order of preference, ordering them from   

         the first choice to the last choice) 

 
Order of 

preference 
 

Loose contact  

 

 

Fit in a frame  

 

 

Geometric locking  

 

 

Dowel Joint  

 

 
 

Magnet  

 

  

 

If other, please explain: ....................................................................................................................................................................... 

11. What type of material would you like for the 3D map-puzzle?  ............................................................................ 

12. Other comments:  
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Appendix 2: Questionnaire for visually impaired participants (page 1 of 2) 

1. Name.............................................................                   Age...........................  Gender: M    F 

2. Sight: ……………………………………………………………………………………………………………………………………………………..… 

Left Eye…………………………..………………………………….….. Right Eye…………………………………………………………………….. 

Since when is the participant visually impaired:………………………………………………………………………………………….… 

……………………………………………………………………………………………………………………………………………………………………… 

 

3. Other special needs: …………………………………………………………………………………………………………………….………….. 

 

4. Previous experience with puzzles: …………………………………………………………………………………………………………… 

5. Previous experience with tactile maps:………………………………………………………………………………..…..…………….. 

6.                     --------------Puzzle Demonstration – Testing-------------- 

Duration:………………. Process Description: ………………………………………………………………………………………………… 

What would you keep? What would you lose? What would you change? 

 
 
 

 
 

 
 
 
 
 
 
 
 

 

7. What would you like the puzzle to depict?………………….………………………………………………………..………………… 

…………………………………………………………………………………………………………………………………………………………………….. 

8. Made of what material would you like the puzzle to be?……………………………………………………..………………… 

9. What size would you prefer?………………………………………………………………………………………………..…………………. 

10. How many pieces would you like the puzzle to have? ………………………………………………………………………….. 

11. What elements would you like to have on a 3D map-puzzle, apart from the raised-relief? 

Scale   Buildings     Colors (of the ground, of the sea, etc.)    Orientation indicator (compass)   

Other human interventions (e.g. bridges/dams/tunnels)   

Please describe if possible:.................................................................................................................................................  

Other elements?:................................................................................................................................................ 
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Appendix 2: Questionnaire for visually impaired participants (page 2 of 2) 

12. What type of connection would you prefer in order to connect the pieces?  

Loose contact         Fit in a frame       Geometric Locking      Magnetically   

 

Dowel joints between the pieces  

Other ideas:…….……………………………………………………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………..……………………………………………………………..…… 

13. Would you buy a puzzle like this? YES  NO 

Other: …………………………………………………………………………………………………………………………………………………………..………..……………………… 

 

14. How much money would you spend on a puzzle like this?……………………………………………………………….…… 

 

 15. Real Use Scenario 

Imagine that you buy a 3D puzzle or you get one as a present.  

1. What theme would this puzzle have; (it can be a place or an object or anything you wish) 

2. I would like you to show me (or to describe) how you are going to use the puzzle from the moment 

that you bring it home.  Ideally you can enact the whole process (e.g. moving in your space). 

 

 

 

 

 

 

 

16. Underline the questions asked and tick inside the box whenever the participant answers correctly? 

Can you show me a cape on the puzzle or the map?                                   a bay;                              a valley?   

a plateau;            a mountain’s peak?             the highest peak on the island?              an island except Crete?                                                                       

the center of the island (of Crete)                                      a piece of the puzzle which contains a large part of sea         

a piece which contains a large part of mountains                      a piece which contains a large part of land         

Researcher’s remarks & comments: 

 

Participant’s opinion and comments about the overall process:  
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Appendix 3: Scenario Form for Sighted Participants (page 1 of 2) 

Product development/design with the use of scenarios 

Creation of possible scenarios can contribute to the design of a product by helping people related with the 
development and the use of this product, to understand the product, its potential use, the needs and 
possible problems of future users. Additionally, this method makes information exchange, between the user 
and people working on the product development, easier and comprehensible. 

Scenario 1 

Sophia has to make a presentation about a new game she designed in a game conference. Her presentation 
takes place in a large conference hall. The audience is still entering the hall when Sophia starts using the 
portable microphone (product) she was given for the presentation. Sophia puts the headset on her head and 
tries to attach the transmitter to her dress. Since this does not work she puts the transmitter on the table in 
front of her. Then she presses the on/off button and a small light is activated on the transmitter. At this 
moment the conference organizer asks her if she has any question about the device. Sophia starts explaining 
that she cannot attach the device on her dress and realizes that everyone in the room can hear her voice 
because she has already turned the microphone on. Then she tries to find the mute button without success. 

Scenario 2 

George and Menelaos want to take a picture of themselves and the Koules castle in the background. 
Menelaos takes out his camera and tries by turning the camera lens towards them to take a picture in which 
both of them and the castle behind them will be visible. However, he doesn’t know where to position himself 
and in which way to hold the camera. They manage to take some pictures in this way but none of them is 
the way they want it to be. They also try to appear smiling in the picture but they do not know when to smile. 

Your own scenario 

On the back of this page you can write a scenario/story related to a puzzle. It can be a real or fictional story. 
Try to include information about the users, their objective, the environment/setting/scene, the product 
(puzzle) and possible issues that may occur during the use of the product. You can also enrich your story with 
sketches/drawings if you want. 

 

 

Name:                                         Age:                    Main occupation: 
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Appendix 3: Scenario Form for Sighted Participants (page 2 of 2) 

Scenario/Story: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What is your level of experience with puzzles; (select one option or fill in accordingly) 

- 0 1 2 3 4 

I don’t know/ 
I don’t want to 

answer 
No experience 

Limited 
experience 

Moderate 
experience 

Long 
experience 

Very long 
experience 

 


