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Abstract

People with intellectual disabilities often have a sedentary lifestyle that can
lead to long-term issues like cardiovascular diseases, diabetes, obesity and de-
pression. Although literature shows that the main reason for this is the lack
of motivation to do physical activity, scarce research has been done in accessi-
ble apps to track and foster physical activities that address motivation. This
paper presents HikePal, a game-inspired app to motivate individuals with
intellectual disabilities to do physical activity outdoors. We have followed
a design and creation research strategy using 1) semi-structured interviews
with five experts (health care workers, special education experts and software
engineers); 2) a focus group with an occupational therapist, a physical ther-
apist and four software engineers; 3) a pilot user test with three individuals
with intellectual disabilities and their caregivers. Having social interaction
during the physical activity turned out to be a major motivational aspect
of the system, whereas reward systems did not attract much of the users’
attention. Regarding the adapted navigational assistance, we found out that
easy-to-read text, visual communication and street-level pictures were the
key features to achieve successful and understandable guidance outdoors for
people with intellectual disabilities. It proved useful to perform a test on
the field and to refine the design guidelines in view of a forthcoming large-
scale experimental test involving a larger number of persons with intellectual,
sensory and motor disabilities.
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1. Introduction1

People with disabilities tend to be less physically active than their non2

disabled peers. For this reason, they have shorter life expectancy and are at3

greater risk of developing secondary, comorbid and age-related health condi-4

tions, such as depression, cardiovascular problems, obesity and osteoporosis5

[1, 2]. This happens for intellectual, sensory and motor disability, and one of6

the main problems to be addressed is lack of motivation [3, 4, 5]. motivation7

is a complex psychological phenomenon that has been studied thoroughly in8

the particular case of physical activity of neurotypical adults [6, 7], being9

intrinsic motives such as enjoyment, challenge and emotional regulation the10

most found ones. However, those motives entail a degree of self-awareness,11

abstraction and executive skills that is usually hindered in the case of intellec-12

tual disabilities [8]. Therefore, new ways to motivate people with intellectual13

disabilities to do physical activities have to be investigated, such as game-14

inspired apps.15

While there are many rather accessible apps which can help people with16

disabilities to keep track of their physical activity, to the best of our knowl-17

edge, none of them has a real focus on the motivational aspect. In this paper,18

we describe the experimental development of a piece of software (an Android19

game) designed for individuals with disabilities which aims at motivating20

their physical activity. The development starts from the deep analysis of the21

problems related to people with intellectual disabilities.22

Many people with intellectual disabilities have a sedentary lifestyle, as23

concluded by several studies [5, 8]. In particular, Dairo et al. [9] observed24

that only 9% of people with intellectual disabilities reach the recommended25

amount of physical activity while Queralt et al. [10] found that 50% of the26

physical activity for individuals with intellectual disabilities came from the27

time spent at school and that girls were less active than boys. The barriers28

that prevent people with intellectual disabilities to have a proper physical ac-29

tivity include accessibility, cost of equipment, supervision or personal health,30

but also social factors such as feeling that other people prevent them from31

doing it [8]. However, the same studies also highlighted that many people32

with intellectual disabilities enjoy several activities like dancing, walking,33

bowling, training with weights etc. [8], and that is important to associate34

physical activity with fun, music or goal-oriented games [11]. At the same35

time, however, very few studies address the design of exergames (i.e.: games36

that address doing physical activity) for people with intellectual disabilities).37
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Considering that walking is one of the activities mentioned as most en-38

joyable by people with intellectual disabilities [8], we focused on the design39

of an Android-based game that is fun and easy to use to motivate users to go40

on hikes. The design of this game led us through a requirements elicitation41

process exposed to many of the above mentioned challenges, including the42

interaction with individuals with intellectual disabilities and the other stake-43

holders during the whole process, the design within a framework determined44

by ethical constraints, and the design of a preliminary pilot study aimed at45

testing the game in a real condition to pave the way for a subsequent large46

scale experimental study for the general validation of the software and design47

methodology. Undertaking research tasks related to intellectual disabilities48

entails some challenges that are similar to those of other disabilities like sen-49

sory [12] or motor disabilities [13]. Actually, they tend to be grouped some50

times, and their conclusions bridged, as in the studies cited before. There-51

fore, an additional aim of this paper is to shed light on how researchers and52

software designers can bridge information and communication technologies53

(ICTs) to disabilities in their many aspects. Specifically, this general con-54

tribution of the paper to assistive technologies for disabilities of any kind55

applies to the requirement elicitation and prototype design stages of the pro-56

cess, as well as the way we have involved stakeholders such as caregivers,57

nurses, designers, technicians and individuals with disabilities in the process.58

Therefore, we present this study as an example of how co-design and par-59

ticipatory approaches can be tailored to meet the needs of participants with60

disabilities, for whom traditional approaches might not be suitable.61

The preliminary stage of requirement elicitation was conducted by ex-62

perts’ interviews first and then by organising a focus group. This preliminary63

stage led us to the definition of a first set of guidelines for the development64

of the exergames, which, however, needed to be validated with users in real-65

istic conditions. The first prototype of the game was designed according to66

these guidelines and tested in a preliminary, small scale pilot study, aimed67

at testing the reliability and usability software and at validating the guide-68

lines. The results of this first experimental study provided us with enough69

information to proceed with a revision of the guidelines, that in the revised70

form is one of the main results of this work.71

Thus, the main contributions are (a) a set of guidelines for the design of72

exergames for users with intellectual disabilities motivating them for hikes,73

(b) a working prototype of the game, and, from the design research per-74

spective, an example of a practical engineering methodology that takes into75
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account specific requirements and constraints of the e-health domain.76

The main research question for this paper is: How can we develop game-77

inspired applications that motivate individuals with intellectual disabilities to78

do outdoor physical activity?. The question has been specialized into How79

can we design navigational assistance systems for individuals with intellectual80

disabilities? and What is important when designing games and applications81

for individuals with intellectual disabilities?.82

The paper is organised as follows: after the review of the state of the83

art in Section 2, we present the research methodology including the design84

process, the ethical issues and the pilot user test in Section 3, the main results85

including the guidelines and the prototype in Section 4, and we discuss the86

limits and potentiality of our approach in Section 5. Finally, Section 6 draws87

the conclusions and the future work.88

2. Related work89

Bondar et al. [14] have a systematic literature review on the effects of90

interventions on the behavioral change regarding physical activitiy of peo-91

ple with intellectual disabilities. Although there is no specific mention to92

the technological aspect of these interventions, the authors concluded that93

are two main aspects that must be kept in mind when designing such in-94

terventions: (a) integrate the support of the caregivers in the intervention95

mechanisms and (b) provide individualised instructions.96

Apart from that general vision of the issue by Bondar et al., we did not97

find studies reporting on how to develop apps for promoting outdoor physical98

activity specifically for individuals with intellectual disabilities. The closest99

study was PuzzleWalk [15, 16], which is a mobile app to promote physical100

activity for people with autism spectrum disorders. The authors present ex-101

haustively the design research process, with a requirement elicitation phase102

and an iterative research methodology that included interviews, observation103

and participatory design of the game. They included people with autism104

spectrum disorders, but the authors state that they fell more on the high-105

functioning area of the spectrum, which allowed them to participate in cog-106

nitively demanding activities such as cognitive walkthrough, thinking-aloud107

testing, usability inquiry and self-reports. Moreover, the app was designed108

with the goal of avoiding unnecessary social interaction, which is particularly109

challenging for their target population. However, one of the main findings110
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of the study is that, despite their communicative difficulties, there is a sig-111

nificant desire for feeling part of a social community and to socialise when112

they use the game. Regarding the impact of the app on their motivation,113

the authors declared that they had reached a consensus in which they would114

seek motivation through challenge. However, they admit that this had a pos-115

itive impact in their users because they had a sample of individuals in the116

spectrum that might be considered as high-functioning: they could under-117

stand the research process and the activities it included. Thus, PuzzleWalk118

lacks the focus on intellectual disabilities and cognitive accessibility that is119

represented in this paper.120

Given the aforementioned lack of studies that directly address the issue121

describes in our research questions, we have looked for related literature by122

searching three kinds of studies: a) studies about apps or games promoting123

outdoors physical activity; b) studies about the issue of outdoors wayfind-124

ing for people with intellectual disabilities; and c) studies about advice on125

interface design for intellectual disabilities.126

“Exergames” is a term used to describe apps or games promoting out-127

doors physical activity [17]. From the game theory point of view, exergames128

are considered a subgroup of serious games [18], that is to say, games with a129

clear purpose to instruct and educate at the same time as the player has fun130

[19]. There are a number of studies about exergames. However: (a) they do131

not address specific medical or psychopedagogical conditions and (b) they132

contain features that might entail cognitive challenges for people with intel-133

lectual disabilities. For instance, Tabarcea et al. propose O-Mopsi [20], a134

digital system for the wayfinding in urban areas. This game is different from135

other wayfinding systems because the targets are not marked with exact co-136

ordinates and the order of the targets is not fixed. The tasks in this game are137

first to find the shortest route, then go to the correct area and finally find the138

target based on a photo. This system measures the amount of physical activ-139

ity using a simple step counter. In some games, the challenge was larger and140

taking steps towards the goal was the motivational factor. Stickers for Steps141

[21], is built around the the goal to collect all the stickers. The user gets new142

stickers after walking a specific number of steps, which increases throughout143

the day and resets at midnight. The research focuses largely on the social144

aspects of the system. The social interactions are face-to-face meetings with145

other users where they would exchange stickers. These interactions worked146

as icebreakers and resulted in conversations about the game, used routes and147

general topics often followed the exchanges. The social interactions of the148
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game were enjoyed by the users and the game was more engaging when see-149

ing other people like the game. Stanley et al. present Gemini Redux [22],150

a game where the challenge for physical activity is not part of the primary151

game play. It is created as a Massive(ly) Multiplayer Online Role-Playing152

Game (MMORPG). The physical activity is used to strengthen an animal153

companion that can be used in the gameplay. It is measured with a phone154

and includes an app for the user to keep track of its amount. The app also155

reminds the user to do physical activity through alerts on the phone. In their156

study, they do not declare a significant change in the motivation to do it, but157

they propose the implementation of exer-games with a stronger connection to158

the primary game in order to increase the motivation. Research on Pokémon159

Go is reported by Marquet et al. [23]. In this game the physical activity is160

performed while catching Pokémon, since the user needs to change location161

in the real world in order to find them. The amount of physical activity162

is measured using a step counter and calculating the walked distance. The163

authors used college students to study the motivational factor of Pokémon164

Go to do physical activity. They found out that motivation was more likely165

to increase in people who had a previous interest in the Pokémon fictional166

universe. According to the research done by Althoff et al. [24], Pokémon167

Go increased physical activity by 25% for engaged players. The researchers168

suggested that playing Pokémon Go had a positive effect for people who play169

a lot of games and had a sedentary lifestyle. We also wondered how much the170

phenomenon of motivation had been investigating as a psychological factor171

in the case of people with intellectual disabilities. The literature, however,172

investigates mostly the motivation applied to specific areas of the life of this173

population, mainly employment motivation [25, 26, 27]174

Regarding studies that address the issue of outdoors wayfinding for peo-175

ple with intellectual disabilities, the app Poseidon [28] uses a map and simple176

text directions that are designed for people with Down’s syndrome. At im-177

portant steps in the route, the app shows street-level pictures, which turned178

out to be the most helpful feature. However, end users found the understand-179

ing of the map rather challenging. Garcia de Marina et al. report about the180

development of an app called WSI-GO [29] for people with intellectual dis-181

abilities. It has two modes: audio-based and visual-based. The former proved182

to be more useful for individuals with deeper cognitive limitations since it183

required less effort to interpret information from the screen. The latter con-184

tained street-level pictures in order to help the users identify landmarks and185

other details, and proved to be helpful for other users as well, though they re-186
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ported some issues matching the real world to the pictures when some details187

were different. The system included several other features such as alerts and188

prompts to notify the user about changes in the interface and the progress.189

AssisT-Out by Gomez et al. [30] includes street-level pictures and some vi-190

sual and haptic alerts to inform the users of their progress. It also includes191

navigational buttons in order to be able to go back to previous steps and text192

to speech functionality to help users with reading problems, a progress bar193

and also vibration alerts. AssisT-Out collects automatically the street level194

pictures from Google Street View. This reduces significantly the time needed195

to make a new route and makes it possible to include recalculation of the196

route if the user walks in an incorrect direction, whereas in WSI-GO [29] and197

Poseidon [28] routes have to be added manually by a caregiver. The study of198

AssisT-Out [30] compares the efficacy of the app compared to Google Maps,199

and the subjects have a higher chance of reaching their target destination200

by using AssisT-Out. In terms of safety of the outdoor navigation, the users201

of Poseidon [28] looked constantly at their screens, so the caregivers had to202

remind them to pay attention to the road when crossing the streets. The203

subjects belonging to the experiment of AssisT-Out [30] suggested to include204

a help button in the screen in order to be assisted when they got lost. Care-205

givers pointed out that getting the location of the individual through that206

feature would be also helpful.207

We also reviewed some literature about advice on interface design for208

intellectual disabilities. Torrado et al. [31] provides an extensive set of rec-209

ommendations that derive from the author’s experience on developing digital210

solutions to address different issues concerning education, daily life or labor211

training. They highlight the value of co-design and adapting traditional soft-212

ware design techniques in order to include the final users in the process along213

with the rest of the stakeholders in transdisciplinary teams. The study by214

Tsikinas et al. [32] suggests that the user interface needs to be straightfor-215

ward, clear and with minimal input required. A game should have large text,216

few distractions and high contrasting colors. They recommend customizable217

difficult levels that can be also increased gradually, always keeping a feasible218

learning curve. Finally, the study concludes that providing continuous and219

positive feedback is helpful for the users and in order to provide feedback,220

monitoring of the user activity is necessary. Regarding the use of textual221

indications, the study by Cano et al. [33] suggests that the size, color and222

reading speed of the text is significant and should be customized to match223

the user’s needs. Downtown, proposed by Cano et al. [33], offers both writ-224
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ten and spoken instructions, straightforward and clear language, and a video225

tutorial for each task. In order to attend the need for different difficulty lev-226

els, Downtown [33] uses three levels: “easy”, “medium” and “hard”. Some227

of the more difficult and stressful features, like the time limit, can be turned228

off. Both Downtown and the study of Tsikinas [32] employ and recommend229

the use of customizable avatars. The study by Wilson et al. [34] suggests230

that there should only be one stream of available actions in every interface231

to make the app intuitive and predictable for the user. The app is focused232

on the importance of communication for people with intellectual disabilities,233

specifically communicating the goals in a way that is adapted to the user.234

The study suggests that visual communication is important and that icon-235

based exclusive communication is feasible. However, actual pictures, as close236

to the user’s life as possible, are preferred. The study gives evidence to the237

assumption that collaboration and being social is important for individuals238

with intellectual disabilities. The picture of the user achieving their goal239

could be shared to their caregivers and parents via email. Sending the pic-240

ture to their parents was appreciated by the users. The authors propose to241

include social media in the future as well. In addition to the studies found on242

the literature, the World Wide Web Consortium [35] added new guidelines243

concerning the cognitive accessibility of web pages, that is to say, suggested244

standards to follow when designing websites that are accessible for people245

with cognitive disabilities. Although these guidelines are meant for web de-246

sign, general advice on readability, simplicity and customisation served as247

input as well for our prototype design.248

The lessons learned in these literature overview, as well as the way we249

have used them, can be seen in a tabular version later in the paper when the250

guidelines are formulated. (see Table 4)251

3. Research Methodology252

We follow a design and creation research strategy [36] with a strong mul-253

tidisciplinary component that includes several data collection methods. This254

research strategy consists of scaffolding the investigation steps around the de-255

velopment of an ‘artifact’, that can be a piece of software, a physical product256

or an idea. Thus, this ‘artifact’ is created, refined and improved after each257

phase of the research. The ‘artifacts’, in our case, are a game to motivate in-258

dividuals with IDs to do physical activity (called HikePal) and, in parallel, a259

set of guidelines to inform the design of applications with this purpose. Our260
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process (Figure 1) consists of: (a) a literature review and semi-structured261

interviews with domain experts to create the first version of the HikePal pro-262

totype and guidelines, (b) a focus group to assess the guidelines and refine263

the working prototype and (c) a pilot user test to further refine the prototype264

and the guidelines.265

In order to ensure the ethical integrity of the study regarding individu-266

als with IDs, an application to the [National] Centre for Research Data was267

filed and approved. This application addresses many of the ethical concerns268

including consent, what data is gathered, data storage, sharing and anonymi-269

sation of data. In this study the users’ ability to consent was determined in270

cooperation with health care professionals working with them. This follows271

the advice given by The [National] Committee for Medical and Health Re-272

search Ethics [Anonymised for blind review] when it comes to determining273

the competence to give consent and consulting with someone independent to274

the research project on this matter. Detailed information about the study275

is available in [Anonymised for blind review]. The subjects were able to276

provide consent themselves, as evaluated by the [National] Committee for277

Medical and Health Research Ethics. Health care professionals that worked278

with them on a daily basis confirmed this fact.279

3.1. Participants280

The experts who participated in the interview of the first research step281

have a multidisciplinary background and are summarized in Table 1.282

The “Outdoor Life Organization for the Disabled” arranges outdoors283

events all over [our country] adapted for individuals with IDs and exploits284

an app developed by [Company1] to inform about these events. The nurse285

specialized on intellectual disabilities was included due to her expertise in286

the organization of hiking trips for individuals with intellectual disabilities287

and is currently part of a team hosting outdoor events for people with IDs in288

[City1] through the “National Association for People with Intellectual Dis-289

abilities”. She was initially contacted about one of these outdoor events she290

was hosting and was later interviewed in one of the expert interviews. People291

from [Company1] and Trekking Association are experts in leisure activities292

platform for people with intellectual disabilities using artificial intelligence293

and machine learning. Experts from [University1] and [University2] were294

included as experts in intellectual disabilities and rehabilitation.295

Concerning the composition of the focus group (Table 2), the physical296

therapist was selected for her experience with people with intellectual dis-297
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Figure 1: Design and Creation Research Strategy

abilities and her interest in physical activity and hiking. An occupational298

therapist was included as she works at a day center for people with intellec-299

tual disabilities and has experience with the user group. Researchers from300

[University1] participated as experts in application development for people301

with intellectual disabilities.302

The pilot user study on the prototype in the third step was carried out303

with 3 individuals with intellectual disability aged 16 - 35 years and 2 care-304

givers (Table 3). Due to the current regulations in [Country], it was not305

possible to get other demographic information like ethnic background. The306

level of intellectual disability was not disclosed by the families or the partic-307

ipants. They mostly have moderate level of intellectual disability, but many308

also have additional diagnoses like autism or mental health issues. The pilot309

test, which was aimed at the refinement of the guidelines and at a general310
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Code Background Place of Work
/ Affiliation

Contribution

Name1 Intellectual
Disability
Nurse

[University1] Organization of hiking trips
for individuals with intellec-
tual disabilities

Name2 Business Trekking Associ-
ation and [Com-
pany1]

Experience in leisure activ-
ities, platform for people
with intellectual disabilities
using artificial intelligence
and machine learning.

Name3 Advisor PhD
project

[University2] experience in rehabilitation

Name4 Psychologist [University1]
Hospital and
[University2]

Experience in intellectual
disabilities

Name5 Computer
Scientist

[Company1] Experience in platform for
people with intellectual
disabilities using artificial
intelligence and machine
learning.

Table 1: Participants in the Interviews with Experts

test of HikePal, included two hiking events that were followed by group in-311

terviews. Both hikes and interviews were carried out by the same group of312

individuals with IDs and caregivers. The caregivers were included to medi-313

ate the interaction between the technicians developing the software and the314

users with intellectual disabilities. In particular, they provided the ability to315

interpret the answers and the users feelings better than an interviewer new316

to the user, and to make the users feel safe when facing a new setting.317

3.2. First step: Interviews with Experts318

We performed five interviews with experts on intellectual disability, physi-319

cal activity and digital systems. They were semi-structured, in order to make320

it possible to ask follow up questions if something was unclear or the ques-321

tion was misunderstood. The questions were written to be as open ended322

as possible and to give the participants the opportunity to add their own323

opinions.324
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Code Occupation Place of Work
Name1 Physical Therapist Intellectual Disabilities Day center
Name2 Occupational Therapist Intellectual Disabilities Day center
Name3 Phd Candidate [University1]
Name4 Postdoctoral Fellow [University1]
Name5 Guest Researcher [University1]
Name6 Postdoctoral Fellow [University1]

Table 2: Participants in the focus group

Name Description User test
Participant 1 Female with intellectual disability User test 1
Participant 2 Male with intellectual disability User test 2
Participant 3 Female with intellectual disability User test 2
Caregiver 1 Works at the day center User test 1
Caregiver 2 Works at the day center User test 2

Table 3: Participants in the user test

The interviews were also designed to shed light into how these types of325

outdoor events are organized. They asked for information about the life326

of individuals and the people around them, including both caregivers and327

families. The questions were divided into four main categories:328

• General questions about games for people with IDs (e.g.: “How do you329

think a training phase for the game should be executed”).330

• Questions about motivation for exercise (e.g.: “How often do you be-331

lieve people with intellectual disability need new motivation to continue332

with physical activity?”)333

• Questions about navigation (e.g.: “What do you think are the security334

issues for people with intellectual disability when walking and gaming335

in urban areas?”)336

• Questions about designing games for people (e.g.: “How should positive337

and negative feedback be given?”).338

3.3. Second step: Focus Group339

A focus group session [37] was carried out to get some preliminary feed-340

back from experts prior to the pilot user test. The goal was to find improve-341
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ments to the guidelines and the game. We had 6 participants (Table 2). They342

had different backgrounds, which led to a multidisciplinary discussion about343

the game. The event was scheduled for 1 hour: 15 minutes for introduction344

and 45 minutes for presentation of the current work and discussion.345

In the introduction part, all the participants introduced themselves. Then,346

a presentation on the characteristics of the project followed. The first part347

of presentation consisted of the current status of the project and the guide-348

lines. This was followed by a short discussion about the guidelines, discussing349

which are important and if there were guidelines the participants disagreed350

with. The second part of the presentation consisted of a presentation of the351

HikePal and of its foundation on the guidelines. Further, a discussion on352

how the participants thought the game would be in regards to motivation353

to do physical activity, navigational assistance and the design was included.354

The discussion also touched on how HikePal would be used at day centers or355

housing for people with intellectual disability.356

Examples of questions related to the guidelines were “What are the most357

important guidelines?”or “Is there any guidelines you disagree with?”. An358

example of questions related to HikePal idea is “Is the navigation screen359

straightforward enough?”.360

3.4. Third step: Pilot User Test361

As shown in Figure 1, the prototype was reworked in order to be tested362

with end users, since the first one was a low-fidelity mock-up, and for the pi-363

lot user test we needed a functional high-fidelity prototype. This prototype364

was a working mobile game. This testing with end users was an empiri-365

cal investigation including people with intellectual disability, who used the366

proposed game. This investigation looked into what the users think about367

this type of game and suggested guidelines. In order to gather data from368

the users, observations and interviews were used. The players were observed369

when playing the game and interviewed after the trial session. Each interview370

was done with a caregiver accompanying the user. If the participants had dif-371

ficulties communicating verbally, the caregivers would help interpreting their372

opinions and thoughts on HikePal and test session, which is a recommended373

practice when the user has communicative issues [38]. The caregivers that374

participated in the user tests were also interviewed afterwards immediately375

to fetch their opinion on the test session, how they though HikePal worked376

in practice and what they thought the user felt about HikePal.377
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The interviews done after the user test were unstructured and the ques-378

tions were based on the earlier user test. Preparing questions in advance379

would have not allowed the participants to discuss the problems that might380

happen during the user test. The interviews were audio-recorded with previ-381

ous consent from the interviewees. All the interviews were transcribed in or-382

der to perform the later analysis. The interviews were organized around top-383

ics, for example “How is the outdoor navigation in the game experienced?”.384

3.4.1. Group Interviews385

Group interviews were used after the user test. This test involved two386

individuals with IDs and one or two caregivers, depending on how much387

assistance was believed to be needed. The interviews were unstructured and388

addressed issues that emerged during the test session related to the use of389

HikePal and physical activity. At the end, questions about the experience of390

HikePal and session as a whole were also asked. Important questions were391

written in advance to make sure the language was simple without complex392

sentences too much abstractions, in order to make sure the user understood393

the question and, thus, give the interview more credibility [39].394

3.4.2. Observations395

Naturalistic observation is often used when working with people with396

intellectual disabilities, because asking questions directly during trial sessions397

usually derives in biases, as many users will give the answer they think is398

desired and not the objective one (positive bias). Moreover, this method399

includes people that struggle to answer questions in an interview setting [40].400

The observers took notes about the users’ feelings about HikePal and where401

and why the user struggled or enjoyed the game. One researcher participated402

in hiking trips through the National Association for People with Intellectual403

Disabilities including people with intellectual disability and caregivers. This404

experience was used to see the difference between hiking trips without a game405

or an app and just walking. The observations were used in addition to the406

the interviews during the user test. The notes from the observations during407

the user test were analyzed altogether with the interviews.408

3.5. Data Analysis409

After all expert interviews in the first step were transcribed, a table for410

each interview was made. Following the advice given by Oates [41], each411

question got its own row, sorting the data into themes. The transcribed data412
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was added to the left side of the table and long text was split into paragraphs.413

On the right side notes were added when re-reading the transcription. If the414

transcription was difficult to understand, we listened to the recording. A415

summary of each interview was created based on the notes from the table.416

This summary was then sent to the interviewed person and asked if they417

still meant the same or if they felt that something had been misinterpreted.418

The summary used in the rest of the analysis process included the changes419

from the comments of the participants. Categories were formed when similar420

pieces of information (codes) were merged to get a broader sense of the421

data. Categories were then gradually arranged in themes. Then, we made422

tables representing the different opinions, following the advice of [41]. These423

tables constantly changed, merging multiple opinions meaning the same and424

splitting up tables into multiple tables. They were used together with the425

summaries of the interviews to extract the results. The transcriptions were426

re-read in order to look for good quotes and to check again that the experts’427

opinion was analyzed correctly.428

For the focus group much of the same method of analyzing the data from429

the experts interviews was used. The focus group included less data, so430

some steps were skipped. This included making tables of each participant’s431

thoughts on different topics, since all the data came from one interview and432

few participants expressed an opinion on the same topics. To start with,433

the focus group discussion was transcribed. This transcription included the434

participant code for all of the comments, making it possible to link each quote435

to the participant that said it. Following the method mentioned by Oates436

[41], relevant data from the discussion in the focus group was extracted. This437

data was then added to a summary, which included both interpretations of438

the discussion and quotes. The transcription was re-read to make sure that439

all the important points from the focus group were included and to check the440

interpretation’s trustworthiness. The data was then added to a table with441

three columns; themes, codes and comments. In this analysis an inductive442

approach was also used and the themes were found from the data. The second443

column included both interpretations and quotes and the third column were444

additional comments on the data collected on this theme. After the initial445

table was made, some smaller themes were merged together and larger once446

was split into two themes during the process.447

The data analysis process for the user test was very similar to the expert448

interviews and the focus group. Firstly, all of the interviews were transcribed449

and the notes taken during the observation were added to the same document.450
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We extracted themes, codes and personal notes. We found six categories:451

motivation to physical activity, navigation, design, rewards, communication452

levels and other (see Fig. 2). The relevant data was then added to a summary453

sorted by the previously mentioned main six categories.454

4. Results455

4.1. Guidelines456

After the three research steps (Fig. 1) and the analysis of the gathered457

data, we propose the following guidelines for a game promoting outdoor458

physical activity for individuals with IDs. These guidelines are based on459

the categories and ideas extracted from the interviews, which can be seen in460

Figure 2. Table 4 shows the guidelines divided by groups (physical activity461

motivation, visual interface design for people with intellectual disabilities and462

navigational assistance), as well as their rationale.463

4.2. Prototype464

The prototype has been developed to support the experimental pilot. In465

particular, its goal is to put guidelines into practice and be able to test them466

in real hiking activities.467

The main idea is that the user joins a game built around a story during468

his/her walk on a given path. The physical activity of walking is enhanced469

with a gamified experience through the story and reward system. Along the470

path there are various places (the story points) in which parts of the story are471

told or quests are made to the user. The user has to walk between the story472

points, thus promoting physical activity. HikePal proposes different stories473

for the same path and the same story can vary in presentation, difficulty and474

type/number of story points. The current prototype proposes three stories: a475

spy story, a story on nature and an Easter story. The stories can be selected476

using the main menu in Fig. 3.left.477

A story point consists of one or more story screens that can provide part of478

the story, ask a question or to take a picture. Some screens include both pic-479

tures and images to make the request more clear. However, question screens480

include only text and at the moment they can only be used by people that are481

comfortable with reading easy-to-read text [42] (Fig. 4.right). Symbols used482

are those provided by ARASAAC [43]. In order to do that, the images used483

were straightforward and mostly objects, since this is the preferred images484

type for people with IDs [44].485
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Gamification486

According to [45] “Gamification refers to: a process of enhancing a ser-487

vice with affordances for gameful experiences in order to support user’s over-488

all value creation”. Using this definition, Hikepal can be seen as gamifica-489

tion. The physical activity of walking is enhanced with a gameful experience490

through the story and reward system. The value created for the user by491

Hikepal is the physical activity the user does.492

In [46], Deterding recommended looking at the winder system and the493

context when using gamification and not only gamification mechanisms.494

When developing the game idea the context was considered and specially495

the role of the caregivers. How the game fits into the users everyday life, a496

day center or housing for people with IDs.497

Magic Circle and Pervasive Games498

The game followed the magic circle first mentioned by Huizinga [47], but499

defined later by Salem and Zimmermann [48]. The magic circle separates the500

game from the real world. In basketball where the rules of basketball apply501

at the basketball court when playing a game, but when the games finishes502

the rules no longer apply. The game creates its own rules that apply and503

make sense inside this magic circle.504

Hikepal was not an pervasive game which was the original idea, because505

it does not expand the magic circle [49]. The route was set, the game has to506

be played at a set time and only the players playing with you are a part of507

the game. The choice to not make a pervasive game was made because of the508

users need for predictability of route and the need to include caregivers when509

playing. This makes it difficult to design something to be played anywhere510

and anytime.511

Hikepal will be used when walking and sometime around other people,512

many people use alibis to justify playing [50]. For this game, alibis like513

playing to increase physical activity could be used. For the caregivers it is514

also possible to use the alibi of doing their job. This way playing the game515

will be less embarrassing for the player.516

Creating the Routes and Stories517

A route in Trondheim was created for the testing and a few more will518

hopefully be added in the future. For each new city Hikepal is going to be519

used in, a couple of routes has to be added. So far this consist of manually520

adding the pictures, text, audio and coordinates of each point.521
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For now the available route exist in Hikepal, but in the future one option522

is that caregivers or parents can create their own stories and routes. This523

gives the caregivers some control over the areas the game will be used in and524

an opportunity to personalize the content.525
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Figure 3: HikePal start screen (left). The text here says the profile name, “Medals”,
“Secret Spy”, “Nature” and “Easter”. Navigation assistance screen (right). The text here
says “walk to the right”.

In the game we used the “fun keys” guidelines from Isbister [51]. The526

player would switch between types of fun while playing. The prototype in-527

cluded some of these fun keys in the following way:528

• The hard fun part of the game comes from navigation. For most indi-529

viduals with intellectual disabilities, navigation will be a challenge and530

give a sens of accomplishment when done properly.531

• The easy fun comes from the story, which increases the players curiosity532

and is used as a break between difficult navigation sections.533

• The serious fun is included in the form of Physical Activity and the534

reward for exercising, but can also be added by making a quiz and535

including learning in the story.536

• The people fun is included by interacting with caregivers, family and537

friends. The player can have different roles and interactions including:538

leader, mentor, cooperation and communication.539

The “four fun keys” can be added and customized according to the people540

actually participating. Some individuals with IDs might like learning and541
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Figure 4: Two screenshots from story points of the spy story. “You are in a secret mission”
(left) and “You found a secret building. Take a picture of it” (right)

want an informational story about birds for instance, while some others might542

want an entertaining story.543

Since social interactions are motivational for most people with intellec-544

tual disabilities, the story can be played alone or in a small group. The types545

of interactions made are to be determined by the user and the stories cre-546

ated. The interactions can be: talking about the game, everyday things and547

where to go. There could be a caregiver or parent present to help with the548

navigation and other possible difficulties related to HikePal. HikePal makes549

possible to take pictures during the trip. Sharing pictures after a hiking trip550

is usual and can create opportunities for communicating and sharing making551

the activity more effective from the social perspective. Concerning rewards,552

in the current prototype, the user earns a medal after finishing a story. The553

medal consists of a medal icon, the icon for the story and the story name.554

All of the users medals can be viewed in the medal screen.555

Special care in the design of HikePal was put on having images and stories556

that were not perceived as childish. Therefore, the interface has a simple557

and straightforward design, but does not include typical childish elements558

like pinkish colors, princes and princesses and characters such as children,559

superheroes or cartoons.560
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We took care of the navigational aspect of the prototype in order to561

increase the users’ independence, since that way they would get more freedom562

to visit more places in an autonomous way. The use of maps was found to be563

difficult due to being too abstract for people with IDs so we did not include564

them. Instead, street level pictures were used at every decision point or565

when there is a long distance between decision points. The use of street level566

pictures at decision points can be seen in Figure 3 right. A short directional567

description was also included, telling the user where to go next. This was568

presented both with easy-to-read text and spoken instructions. For people569

who struggled with the difference between right and left, an arrow was added570

to all navigational screens. A notification in the form of a sound prompt and571

vibration was also added when the user is close to a decision/story point in572

the route. This would limit the time needed to look at the screen and give the573

users more time to watch their surroundings. This is especially important574

in more risky areas like those with traffic. Finally, an alarm button was575

included to be used when the user is lost and needs help. When the alarm576

button is clicked, a caregiver or parent would be contacted and the location577

of the user would be shared. The button is red with an alarm icon and has578

been chosen because of the cultural association with the idea of looking for579

help. In terms of safety, setting up routes in nature is recommended, since580

they are normally areas with little traffic and often less people than urban581

areas. Routes in urban areas close to where the user lives can also be used582

for more everyday hiking trips with less barriers to start.583

4.3. Results from the Pilot User Test584

The user test showed that the app was fun for the participants. Two of585

the participants in the user test was asked if they thought the app was fun586

and they both answered yes. Further they were asked if they thought they587

would like to play it again and this got mixed answers. One participant said588

that maybe once was enough and the other said yes he would like to play it589

again. One participant said that she did not like to take this many breaks590

and wanted an app that had less and shorter breaks. The concept of this591

game therefore does not fit her wishes for an app promoting physical activity.592

Caregiver 1 on the other hand said that she liked the concept, but said the593

app needed some improvements.594
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Motivation Through the Story595

During the user test it did not seem like the story was exciting. The596

participants talked little about the story and when asked or talked to about597

the story the participants showed little interest. Caregiver 2 said that this598

story could be catchy for some, but it depended on who uses the app. The599

lack of interest in the story could be because some of the participants had600

difficulties following the story. Participant 1 managed to guess the correct601

thief, but when asked why she said that they had nearly the same hair color602

in the pictures. This similarity of hair color was just a coincidence and not603

one of the clues.604

Motivation Through Navigation605

During the first user test the participant seemed to find it exciting and606

fun to navigate. Participant 1 and Caregiver 1 had the following conversation607

about the app:608

• Caregiver 1 - “Participant 1, do you think that it was a bit fun?”609

• Participant 1 - “Yes, it was a bit fun”610

• Caregiver 1 - “Yes, I can see it on you”611

• Participant 1 - Some laughter612

The participant in user test 1 was very focused on the navigation through613

the test session, this show some interest for the navigation. This is also614

supported by Caregiver 1 saying that it was more exciting to come to the615

intersection when talking about the motivational factor of the story.616

Other Ideas for the App617

Participant 4 expressed her wish for an app only counting the number of618

steps. She said herself that she had an app on her phone that counts the steps619

and that she likes to use it. She had a goal of 10,000 steps each day which620

is the recommended goal [52]. She then says that she struggles to reach this621

goal and almost never reach it, suggesting that this goal is to ambitious. [52]622

suggested that sedentary people should not start their goal at 10,000 steps623

each day, but instead set their goal 2,000 - 3,000 steps higher than their624

current number of steps. Caregiver 1 suggests adding a reward based on the625

number of steps into the current app. This was suggested with this user in626
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mind and for other users with the same interest. For some users counting627

the number of steps could be distracting. Participant 3 suggest using this to628

explore the city and using it for tourists. Having a route exploring tourist629

attractions is also something that was mentioned in the expert interviews.630

He suggested that you could try to find Nidarosdomen based on a picture.631

Having a few routes of tourist attractions in some of Norway’s most visited632

places could possibly fun and something the users would like.633

Physical Activity634

How physically demanding the app was depended very on the partici-635

pants. In user test 1 the participant was clearly tiered, having a heavy breath636

throughout the test session. The participants in user test 2 however thought637

that they had to walk slowly to be able to use the app. This was because638

the app needed some time to know that the user was inside the radius of the639

target. Participant 4 called the speed they had to walk in “snail speed” and640

said that she usually walked twice as fast. The difference in walking speed641

is also something I noticed when participating in the hiking trips with NFU.642

To limit this problem the distance from the target could be set in the user643

setting, having two speeds of walking “normal” and “fast”.644

Social Interactions throughout the session645

During user test 1 the participant was very concentrated and quiet. For646

this participant the social interactions was very limited. The participant647

was asked some questions, both related and not related to the app, but648

was to concentrated on the app to answer or gave very short answers. The649

participants in user test 2 talked throughout the test session. Participant650

4 even said that she liked to only talk when walking, saying that she does651

not need something like this app. This difference in the wish for social652

interactions is consistent with what I have seen at the hiking trips with653

NFU, this was also what the interviews with experts found.654

Reward655

There was little response for the medals they got when completing the656

route in both user test. Participant 3 quickly closed the medal screen and657

the participant from the first user test showed little interest when the medals658

they got was mentioned. This could have several explanations, such as not659

understanding this digital medal or not wanting a medal. It is also possible660
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that the user wanted to get back to the rest of the group quickly and was661

nervous about the user test.662

Understanding the Instructions663

It looked like the participants understood where to go when looking at the664

correct navigational screen. Most of the participants read some instructions665

out loud and when asked pointed the correct way. One participant did say666

that she already knew what way to walk and did not want to use the app667

in one intersection, so it is possible that some of the participants already668

knew the route. The street level pictures seemed helpful and Participant 3669

said that he used the pictures to navigate. Participant 1 said she recognized670

where her location was based on the picture, there was a problem that many671

of the pictures looked similar. Participant 1 was asked if she thinks she672

would dare to walk on her own in the wood with this app, but answers that673

she would not. Caregiver 1 agrees and says that she thinks many would674

not be able to walk alone. Caregiver 1 also mention the usefulness of an675

navigational assistance app, mentioning learning to navigate to work or their676

parents house. Some of the instructions was difficult to understand for the677

participants. Participant 4 think the stop and wait instruction is difficult678

to understand, asking how long you should wait when discussing the stop679

and wait instruction. Caregiver 2 suggest changing it to “stop and click the680

forward button” (“Stopp og trykk videre” in Norwegian). She also think that681

left and right is used to much, since this is something many people with IDs682

struggle with.683

4.3.1. Reading the Instructions at the Correct Time684

Many of the participants struggled with knowing if they were at the cor-685

rect screen or not. The navigational assistance system relayed on the user686

clicking the next button after reading the instruction. This was understood687

by the participants at the beginning of the test session. Participant 4 said688

“No, it is only each time it says “pling”, click (the button) and nothing689

more”. However the participants often need to be reminded to click the next690

button, using the lack of a beeping sound to check if they are at the cor-691

rect screen. One participant got frustrated by the other participants phones692

beeping and not hers, this was mostly because she was further away from693

the target location. In the other user test this was not an issue because the694

participants where so focused on their own phones. Participant 3 did not695

think that the next button was annoying, but still did not seem completely696
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comfortable with when to click the next button by the end of the test ses-697

sion. Both caregivers think that the navigational assistance system should698

be more automatic or at least include some sort of lock to stop the users699

from reaching screens further ahead in the story.700

4.3.2. Using the App Outdoors701

At the time of the user test there was some areas on the hiking trail702

that was covered in snow and ice. This made it a bit difficult for some of703

the participants to walk and some of them did not have the best shoes for704

walking this route. Because of the amount of snow and ice, one of the par-705

ticipants wanted to take a shortcut back. This could be a problem when the706

participant knows the target destination of the route and reach an obstacle,707

since the participant would miss several screens on the way. When using708

the app outdoors there is also some problems with hearing and seeing the709

screen. Some participants struggled with hearing what was said because of710

noise from other people in the area, this was solved by moving a bit further711

away from the noise. The sun also made it a bit difficult to see the screen712

when walking outside, especially some of the dark colored elements with low713

contrast. Having a high contrast is important for people with IDs [32] and714

the strong sunlight made it more difficult to see the screen.715

User Interface716

There was some small issues with the user interface, but also features717

that worked well. Always having the next button green seemed like it was718

appreciated and made it simple for the caregivers to explain how to move719

forward in the story. This became clear when the participants had to take720

a picture and there was a grey button instead of a green one. According to721

Caregiver 1 people with IDs like pictures and find the pictures used in this app722

straightforward. Some of the participates tried to click on the communication723

pictures, perhaps waiting for the sound of the picture or more information724

about the picture. It is also possible the participant thought that clicking725

the communication pictures was the way forward in the app.726

Understanding the Story727

All of the participants could read and would often read some text out728

loud. The caregiver also confirmed that Participant 1 could read. Participant729

3 read the text quickly and had the following talk about reading the text:730

• Test leader - “Don’t you want to read the story?”731
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• Participant 3 - “Yes, I read quickly when it’s these small, short words”732

• Test leader - “Yes, okay”733

• Participant 3 - “If it had been a newspaper page, then it would have734

taken half an hour. But when it is this small words, then it is alright”735

The text refereed to here was written using the easy-to-read standard736

by [42], so using this standard does make the text easier to read. Because737

the participants in these user tests could read the audio instructions was not738

used. All of the participants tried playing the audio instruction after being739

told about the function, but did not use it without being told to play the740

audio instruction. The participants did not seem very interested in the story.741

Caregiver 1 think that the story and tasks were to difficult for the participant742

in user test 1. She also thinks that they were more interested in the pictures743

and that having tasks like click on the picture of the beaver would be better.744

Many participants clicked quickly through the screens and did not use a lot745

of time looking at each screen. They often only used enough time to read746

the screen very quickly and not looking at the images or thinking about the747

story. Caregiver 2 thinks this is something many people with IDs would do.748

Take Picture Screen749

Some participants struggled a bit with taking a picture and said they had750

taken a picture, but the app did not show this. Most likely the problem here751

was that the participant accidentally touched the screen. Some participants752

also wanted to rotate the phone when taking pictures, but the app did not753

support this. Overall taking pictures was received well with one participant754

taking out his own phone and taking a photo as well. In the hikes by NFU755

taking pictures was also observed as something people with IDs liked.756

Accidentally Touching the Screen757

Many participants struggled with accidentally touching the screen when758

walking between the target locations. Participants mostly touched the next759

button, changing to a screen further in the story, but also with the play760

audio instruction button. This accidentally clicking on buttons created some761

frustration for some of the participants. When Participant 4 accidentally762

touched the play audio instruction button, she said the following about the763

event:764
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• Participant 4 - “But he talks to me anyways, because it said”765

• Test leader - “You probably accidentally touch the button”766

• Participant 4 - “No I have not. I held it (the phone) like this (holding767

the phone and not touching the screen) and then it started talking”768

The app did include a feature that made it possible to jump to a specific769

screen based on the screen ID. This feature was used several times, mostly if770

the participant had gone passed the current screen, but could also be used if771

the participant was behind the current screen.772

Users Wanting to Use Their Own Phones773

Several participants wanted to use their own phones for the user test, but774

had to use the phones belonging to our department. Participant 3 found it775

a bit difficult after exiting the app to go back to the app again, this was776

because he was not used to Samsung phones. He said that he had troubles777

with the Samsung phone throughout the test session and that the user should778

use the phone brand they are normally use. Participant 4 also said that she779

thought she would get the app on her own phone and was a bit disappointed780

when learning this was not the case. She early expressed her wish for using781

an app to increase her level of physical activity and wanted to use the app782

at home as well.783

More Automatic Functions784

The participants struggled with the next button, especially in the navi-785

gational screens. Caregiver 1 also mentioned the question screen as a place786

where the next button was a bit difficult and suggest continuing once the787

participant had answered the question correctly. Both caregivers think that788

the app should be more automatic, mentioning the navigational screen as789

the most important part to become more automatic. Their wish is that the790

system detects when the user has passed the target location and changes the791

screen automatically.792

Participant Ending the User Test793

One participant decided to stop the user test before reaching the end of794

the route. This participant clearly expressed her frustration over the next795

button and not knowing if she was at the correct screen. She understood796

how the next button work, in the beginning when talking about the next797
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button being difficult, she said “No, it is only each time it says “pling”, click798

(the button) and nothing more”. When walking around it seems like it was799

more difficult to remember and the participant got very frustrated. Because800

of this frustration she is offered to only see the story screens, but declines801

this offer. The participant quits the test twice, after the first time starting to802

ask questions about the app again on her own. She explains her frustration803

the first time by saying “but I get frustrated by the clicking (of the button)804

and the beeping”. The participant is then asked if she likes to just walk805

without doing much else, where the participant answers yes. The participant806

had before the test expressed her interest in participating in research and her807

wish to help others through her participation, this could be the reason for808

giving the user test another try. After walking a bit further the participant is809

still frustrated by the navigation and gives back the phone she had borrowed.810

She has then completed about 75% of the route before walking of the trail and811

the caregiver walks after her. The other participant is then asked if he wants812

to continue with the test and said yes. The test leader felt it was important813

to ask again since the caregiver needed to follow the other participant, but814

also to check that the troubles with the next button had not made him that815

frustrated as well.816

5. Limitations817

Despite the innovative aspect of joining physical activity for individuals818

with intellectual disabilities and outdoors navigation, the lack of previous819

systems that combined those ideas presented some challenges and limitations820

that might have jeopardized the validity of some parts of the research. For821

instance, in the pilot study, some users struggled with too much happening822

at the same time and HikePal being too complex. Although this could come823

from a number of reasons such as remembering to click on the next button824

or the story being too difficult, it might have been as well that including825

navigation, the use of technology and physical activity at the same time was826

too complex. To determine this, new user tests should be conducted and827

some of the issues found during the user test should be addressed.828

Additional, large scale experiments would also overcome potential biases829

that derive from the selection of participants who had a previous interest in830

hiking (which might have lead to some predisposition towards the HikePal831

and the activity carried out during the experiment), or the validity of self-832

reporting their emotional state and opinions in front of the researchers or833
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caregivers (which sometimes lead to positive-acquiescence biases). more ex-834

perts from each domain would be necessary to make their advice on the835

prototype more sound.836

Adding more customisation to Hikepal in the future is likely to solve837

some of the aforementioned adaptive problems. Furthermore, the sample838

size was small, so conclusions extracted from the pilot user study should be839

taken carefully. An additional empirical study with a larger sample involving840

also participants with sensory and motor disability would shed light on the841

potential of this approach to foster motivation towards physical activity and842

suggest further improvements.843

6. Conclusion844

Although physical activity has proven to be beneficial for all, motivating845

it for people with disabilities, especially people with intellectual disabilities,846

is challenging and requires specialised and individualised intervention. In847

this paper, we study the development of a software that helps people with848

disabilities to get the motivation to do physical activity outdoors and de-849

scribe the preliminary stages of the process in practice targeting people with850

intellectual disabilities. This process involves multidisciplinary requirement851

elicitation and participatory design. For that purpose, we have designed a852

working prototype of a mobile game that aims to provide navigational as-853

sistance and individualized motivation in their physical activity in outdoors854

environments. We also created a series of guidelines to be followed when855

developing applications with this purpose for people with intellectual dis-856

abilities, as the literature on this particular topic is not abundant. Both857

items have been created following a design and creation research method-858

ology, in which an ‘artifact’ is the main result of the research, and it is859

improved through several refinement steps that employ different techniques.860

In our case, these “artifacts” were the working prototype of the mobile game861

and the design guidelines, and we employed qualitative methods such as in-862

terviews with experts, focus groups, group interviews and a pilot user test,863

along with a literature review to assess some of the decisions taken. We split864

the research in three steps and present the final prototype and guidelines865

obtained as results of the research.866

Although the testing is limited in terms of sample size, usage time and867

user characteristics, we extracted some ideas of scientific interest for interface868

designers and software engineers who might want to develop software for this869
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purpose. Fostering social interaction turned out to be the feature that moti-870

vated the users the most, but rewards through medals did not attract much871

of their attention in the pilot user test. We expect that social motivation872

may be beneficial as well for sensory and people with motor disabilities, and873

we hope to test this aspect in our future work. Regarding the choose of walk-874

ing as the target physical activity, we kept in mind that any activity (either875

physical or of other nature) must be presented in a very simple way, with876

clear and well-defined goals, so walking has been chosen as a starting point877

to design a game with this purpose, but other options can be definitively878

considered in the future. We must also keep in mind that offering too many879

options from the beginning is likely to create confusion, since people with in-880

tellectual disabilities often find decision-making a very challenging task. The881

selection of a communication method was very important for the end users,882

and their experience showed that the navigational assistance would not have883

been possible or feasible without the easy-to-read text, the audio descriptions884

or the street-level pictures. The role of caregivers and domain experts in the885

creation process of the software proved to be highly valuable, as they are the886

main actors in the research steps that cannot have the participation of the887

end users, as it includes activities that might be too cognitively demanding888

for people with mild to severe intellectual disabilities, such as the require-889

ment elicitation sessions in the interviews with experts and the focus groups,890

assessing the guidelines and giving opinions about the elements of the game891

interface.892

This work brought us to reach a Technology Readiness Level (TRL [53])893

of 5 for HikePal. The next steps of this research will: (1) testing Hikepal894

in presence of hearing and visual impairments; (2) enhancing the TRL by895

experimenting and demonstrating HikePal in an environment fully relevant,896

with a larger number of users involved.897
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[29] A. G. Garćıa de Marina, R. M. Carro, P. Haya, Where should i go?: guid-997

ing users with cognitive limitations through mobile devices outdoors, in:998

35



Proceedings of the 13th international conference on interacción persona-999

ordenador, ACM, 2012, p. 46.1000

[30] J. Gomez, G. Montoro, J. C. Torrado, A. Plaza, An adapted wayfinding1001

system for pedestrians with cognitive disabilities, Mobile Information1002

Systems 2015 (2015).1003

[31] J. C. Torrado, J. Gomez, G. Montoro, Hands-on experiences with assis-1004

tive technologies for people with intellectual disabilities: Opportunities1005

and challenges, IEEE Access 8 (2020) 106408–106424.1006

[32] S. Tsikinas, S. Xinogalos, Designing effective serious games for people1007

with intellectual disabilities, in: 2018 IEEE Global Engineering Educa-1008

tion Conference (EDUCON), IEEE, 2018, pp. 1896–1903.1009

[33] A. R. Cano, B. Fernández-Manjón, Á. J. Garćıa-Tejedor, Downtown, a1010
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