
 

  

 

 

 

 

 

 

 

User Centered Design for 

persons with disabilities 
How persons with cerebral palsy can be included in 

the design process 

Användarcentrerad design för personer 

med funktionsnedsättningar 

Hur personer med cerebral pares kan inkluderas i 

designprocessen 

Wyke, Oskar 

owyke@kth.se 

Master Thesis in Human Computer Interaction at NADA 

Kungliga Tekniska Högskolan , 2011  

Supervisor KTH:  Åke Walldius  

Supervisor SU:  Magnus Magnusson 

Supervisor Tobii: Uli Ehlert 

Examiner:  Ann Lantz  



 

 

Abstract 

The user centered design process is a framework built on methods aiming at 

including the user in the design process. When designing a system that is 

going to be used by persons suffering from severe disabilities, a number of 

unique difficulties are introduced.  

This thesis investigates what particular issues that has to be considered when 

designing for eye tracking based interaction and how user inclusion can be 

achieved despite the presence of severe disabilities.  

Persons from three habilitation centers in the Stockholm area were included in 

the study which was implemented as an iterative design process, including a 

number of methods common within user centered design. 

The result of this study indicates that many of the well-recognized methods in 

user centered design can be used when including users with cerebral palsy. 

Focus is shifted slightly away from the user towards other persons in the 

vicinity.  To achieve high usability the system must facilitate individual 

customizations of the interface regarding the colors, sizes and placements of 

objects. A method of two step selection, reducing the numbers of 

unintentional selections, is also presented. 

  



 

 

Referat 

Användarcentrerad design är ett ramverk byggt på metoder som syftar till att 

inkludera användaren i designprocessen. När ett system, som ska användas av 

personer med allvarliga funktionsnedsättningar designas, introduceras ett antal 

unika svårigheter. 

Detta examensarbete undersöker vilka särskilda faktorer som måste tas i 

beaktande då en design för ögonstyrd interaktion skapas samt hur användare 

kan inkluderas trots närvaron av allvarliga funktionsnedsättningar. 

Personer från tre habiliteringscenter i stockholmsområdet inkluderades i 

studien som implementerades som en iterativ designprocess där metoder, 

vanliga inom användarcentrerad design, tillämpades. 

Resultatet av studien indikerar att många välkända metoder inom 

användarcentrerad design kan användas för att inkludera användare med 

Cerebral Pares. Fokus flyttas något från användaren till personer i dennes 

omgivning. För att åstadkomma hög användbarhet måste systemet 

tillhandahålla möjligheten till individuella anpassningar av färger, storlekar 

och placering av objekten på skärmen. En tvåstegsmetod, som minskar antalet 

ofrivilliga val, presenteras också. 
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1 Introduction 

The work in this thesis has been made at Tobii Technology, a company started by  

three former students from KTH in 2001. 

1.1 Tobii Technology and eye tracking 
Tobii Technology, called Tobii from here on, is a company that is the world 

leading manufacturer of eye-tracking equipment. They are developing and 

marketing a series of products related to eye tracking. Tobii summarizes their key 

principles for developing eye trackers:  

 Accurate and precise 

 Unrestrained and unobtrusive 

 Capable of robust tracking 

 Easy to use and automatic  

(Tobii, 2011) 

The usage of eye-trackers can be classified in two main areas. The common 

denominator between these areas are the ability to determine where the user is 

looking at a specific moment. There are technology that allows eye tracking of 

objects in the real world but this thesis includes eye tracking within the context of 

a computer screen. 

1.1.1 Eye tracking for analysis 
The first area is called analysis and means that the eye-tracker is used to record a 

person's eye movements. These eye movements are saved as gaze data that can 

be used for later analysis. 

When the gaze data is analyzed, conclusions can be drawn about the usability of 

an interface. Potential flaws in the design can also be revealed. Another 

application is analyzing how the contents of an advert are perceived. (Hyönä et 

al., 2003) 

1.1.2 Eye tracking for interaction 
The other area of use is interaction, sometimes also referred to as eye control. 

Assisted by the technology that an eye tracker provides, the user is able to interact 

with a computer using the eyes exclusively, or as a complement to other more 

conventional methods of input. Lately, the number of ways to use an eye tracker 

as a complement to the common ways of interacting with a computer, mouse and 

keyboard, has grown. 

Examples of applications within this area is the possibility for users to switch to 

another window, just by fixing his gaze on it, or to automatically scroll a web 

page or text when your eyes reach the bottom of the text. (Kumar and Winograd, 

2007 p. 1980, Jacob, 1991 p. 164-166) 
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Eye tracking as interaction has another big, area of application called AAC – 

Alternative and Augmentative Communication. Although using mouse and  

keyboard is the most common way of interacting with a computer, there are many 

users, with different disabilities and motor impairments, which are unable to use 

these devices effectively. (Manresa-Yee et al., 2008 p. 262)  

For this group of users there exist an array of different input methods, of which 

eye tracking is one. Those methods of interaction may open many doors for 

persons with disabilities. For example, they can enable a person to communicate, 

which otherwise would have none or very limited possibilities of doing so. 

(Heister Trygg et al., 2009) 

One example of such a communications device is the Tobii P10 shown below in 

Figure 1, which during the last couple of years has been the most commonly used 

Tobii device for ET-based AAC.  

 

Figure 1 – Tobi P10, also called MyTobii 

1.2 Aim of thesis 
The number of communication aids for persons with severe disabilities area 

rather vast. Tobii alone produces and sells a handful of different devices, ranging 

from low technology touch devices to highly complex ET-systems. Though in 

one particular area, namely the math education for adolescents in primary school, 

no specialized tools exist – yet.  

1.2.1 Developing a math communication tool 
The overarching purpose of this thesis work was to develop a tool that enables 

persons, that uses an ET-device as their primary way of communicating, to 

communicate math in a more convenient way. A technical framework and 

communication platform already existed. It is called Tobii Communicator, 

Communicator from here on, and it is a software which facilitates the platform 

for the user to design their own way of how to communicate with the 

environment. 

No particular tool for communicating around topics within the math subject exists 

for Communicator. The task was to define, develop and evaluate a plug-in 

software to Communicator, which allows this type of communication. 
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1.2.2 Inclusion of users with disabilities 
The approach of including users in the development process is sometimes called 

User Centered Design – UCD, elaborated further in 3.3.2 User centered design. 

Inclusion of users, especially with severe disabilities can be a cumbersome task 

for the development teams. A person at Tobii expressed his unhappiness that "the 

users sometimes are painfully far away from the development process". 

Hornoff(2008) points out the need for further investigation: 

A major outstanding challenge is to try to integrate what has been learned 

by researchers and practitioners working with AAC with what has been 

learned about collaborating with children without disabilities as partners 

in the design of new technology. 

(Hornof, 2008 p. 72) 

The main purpose of this study is not to answer the question of why the users are 

so "far away from the development process". The aim is rather set at evaluating 

existing methods of user inclusion and to investigate how they would have to be 

adjusted, considering the special necessities that working with people with severe 

disabilities implicate.  

1.2.3 Research questions 
When designing for the particular user group, some of the well established 

research methodologies commonly used within the field of  Human Computer 

Interaction – HCI, can be hard to apply. There is also an array of different design 

choices to consider, stemming from the various effects of the users individual 

disabilities. 

The main questions that this report intends to investigate are: 

 What particular design choices are to be considered when creating an 

interface for Eye Tracking used by young people with Cerebral Palsy? 

 What methods of user inclusion and iterative testing are available and 

useful in the process of evaluating usability and accessibility of the tool, 

used by the specific user group? 

1.2.4 Implementation 
In order to answer those questions, the study includes a theoretical background of 

the problems of designing interfaces for eye tracking. The study is also based on 

how user inclusion can be achieved through the UCD approach. This theoretical 

background is then complemented with empirical data collected during the 

development process of the communication tool for math. The disposition of this 

report is: 

Introduction – In this section an overview of the thesis is given. 

Background – The area of AAC is introduced and some problems related to 

Cerebral Palsy are presented. 
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Theory –The main issues with eye tracking and interface design for eye tracking 

are covered in this section. An overview of user centered design is also included. 

The study – This section includes the planning, execution and the results of the 

empirical study carried out during this thesis work.  

Discussion – When both the theoretical foundation and the results of the 

empirical study has been presented, the discussion aims to join the two together 

in an attempt to answer the two research questions. 

Conclusion – The essence of the discussion is presented together with some 

recommendations and suggestions to further research. 

1.2.5 Related research 
The empirical study of this thesis was planned and executed in collaboration with 

another researcher, Pär Dahlman. The related research is however done with 

another aim investigating the following question: 

What cognitive and physical prerequisites must be considered when 

designing mathematical software for adolescents with cerebral palsy who 

rely on Tobii assistive eye tracking as a communication device? 
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2 Background 

2.1 Introduction to ACC 
The feeling of not possessing the ability to express oneself in speech is hard for 

most people to imagine. Rick Creech is a person with Cerebral Palsy who vividly 

explained the feeling: 

If you want to know what it is like to be unable to speak, there is a way. Go 

to a party and don´t talk. Play mute. Use your hands if you wish but don´t 

use paper and pencil. Paper and pencil are not always handy for a mute 

person. Here is what you will find: people talking; talking behind, beside, 

around, over, under, through, and even for you. But never with you. You 

are ignored until you finally feel like a piece of furniture (Musselwhite & 

St. Louis, 1988, p. 104) 

(Beukelman and Mirenda, 2005, p. 5) 

AAC is an abbreviation for Alternative Augmentative Communication and include 

methods of communicating besides speech; though not necessarily because the 

ability to speak is missing fully. In a general sense the meaning of AAC can be 

said to consist of an array of methods, tools and expressions to be used when 

speech is not sufficient, alternatively not available at all. 

A distinction between different areas within AAC can be made. The one part is 

called unaided AAC, and includes e.g. body language, mimics and gestures. The 

second part of AAC is called aided and is more dependent on technology. It is 

used when the unaided AAC is not satisfactory and a need of expressing 

something more specific comes up. In this situation it is common that concrete 

objects, photos, pictures or Bliss is used as a medium or tool in the process of 

communicating (Heister Trygg et al., 2009). A typical chart containing hundreds 

of Bliss-symbols is shown in Figure 2. 

 

Figure 2 – Standard Bliss chart containing hundreds of words. 
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There exist many different reasons why a person would need to make use of AAC 

in their daily communication. Usually a difference is made between 

congenital/early acquired impairments and impairments that have been acquired 

in a later period of life. One important reason of why this distinction is made is 

that the latter group generally has developed their language, both in speech and 

writing, without the need of AAC. The first group usually develops their 

language with the some AAC technology as their primary method of 

communicating. (Beukelman and Mirenda, 2005) 

2.1.1 Team based approach 
The main goal when helping people in need of some kind of AAC is “to enable 

them to communicate to the best of  their abilities”(Beukelman and Mirenda, 

2005 p. 111). To accomplish this task a number of different professions are 

required. This is preferably done by applying a team based approach where the 

team includes individuals that has competence regarding: 

 cognitive, language, sensory and motor capabilities of the individual 

 operational, linguistic, social and strategic competence of the 

individuals strategies of communicating 

There are few people who possess the necessary skills in all these fields but when 

the various professionals are brought together in a team, the collective knowledge 

constitutes a good ground for decision making. These teams typically includes 

person from the following categories: 

 Speech  and language therapists 

 Physical therapists 

 Personal assistants 

 Teachers 

 Family 

2.2 Cerebral Palsy 
There are many disabilities that may render a person unable to use a computer, at 

least in a way we usually think of using one. One of those disabilities is Cerebral 

Palsy – CP, which is used as an umbrella term for a range of neurodevelopment 

conditions (Bax et al., 2005). The condition is considered one of the more 

common reasons of motor impairments with children (Shevell et al., 2009 p. 

872). During the last hundred years, researchers have struggled with a uniform 

definition of the condition but without a definitive success since there are still a 

variety of definitions.  

One definition formed by Bax (2005) and used by many in the field is the 

following: 

Cerebral palsy (CP) describes a group of disorders of the development of 

movement and posture, causing activity limitation, that are attributed to 

non-progressive disturbances that occurred in the developing fetal or infant 

brain. The motor disorders of cerebral palsy are often accompanied by 



BACKGROUND - AAC TECHNOLOGY 

 

7 

disturbances of sensation, cognition, communication, perception, and/or 

behaviour, and/or by a seizure disorder. 

(Bax et al., 2005 p. 572) 

Among the persons with CP it is very common that other forms of related 

disorders are present as well; those persons are considered multi-handicapped. 

(Woods, 1969 p. 28) 

2.2.1 Cerebral Vision Impairment 
One form of related disorder is called Cerebral Vision Impairment – CVI and has 

many implications on the way the affected person perceives the world. The 

effects are summarized by Dutton et al. (2006): 

 Difficulty extracting information from a complex background 

 Difficulties using vision to guide movement 

 Problems pursuing the target 

 Not recognizing people and objects 

 Difficulty reading 

 Getting lost 

 Difficulties due to poor visual memory 

 Disorders of focusing 

 Eye movement disorders 

(Dutton et al., 2006 p. 116-119) 

The problems mentioned above can occur individually or in any combination 

with the other problems and are, as stated earlier, more common among the 

persons suffering from CP. Dutton (2002) also recognizes methods to avoid 

problems caused by CVI: 

It is logical to plan an educational approach for these children which 

simplifies the visual world by having limited visual information in the 

foreground and a plain background, recognising that simultaneous 

perception could well be limited. 

(Dutton et al., 2006 p. 119-120) 

2.3 AAC technology 
The development of AAC tools has been going on for decades, moving from the 

simplest techniques like gestures and writing with pen and paper to advanced 

high tech equipment like an eye tracker. One of the most ancient uses of AAC 

that is know today dates all the way back to classical Rome, where sign language 

were used among deaf individuals (Zangari et al., 1994 p. 29). 

A common understanding today, is that using mouse and keyboard as input 

devices, is the fastest way to interact with a computer. This is the case for the 

general population, but not for many people with disabilities. Persons that suffer 

from motor impairments sometimes can´t use those devices effectively, and 

sometimes not at all (Manresa-Yee et al., 2008 p. 262).  



BACKGROUND - AAC TECHNOLOGY 

 

8 

For those users there exist a range of different input methods. Sometimes it is 

enough to change the traditional mouse to a trackball and use an enlarged 

keyboard (Beukelman and Mirenda, 2005 p. 383). The custom keyboard in Figure 

3 shows one way of improving accessibility of a keyboard by increasing the size 

of keys, color coding the functionalities and removing seldom used buttons. Other 

techniques involve a web camera that tracks the user’s gestures and interprets 

them as actions in the interface. There also exists well evolved system that uses a 

Speech interface, sometimes combined with another technology, to control the 

computer (Zhang et al., 2004 p. 85).  

 

Many of the above mentioned techniques for interaction require the user to be 

able to control some of its limbs or be able to speak.  There exist multiple 

conditions where an individual possesses none of these abilities, e.g. a person 

with quadriplegic cerebral palsy and dysarthria (common among people with 

cerebral palsy) (Beukelman and Mirenda, 2005 p. 236-237). For the person with 

this kind of severe disabilities, the eyes can sometimes be the only part of their 

body that they are able to control; which is why eye pointing, not necessarily 

including a computer, is the choice for some people (Beukelman and Mirenda, 

2005 p. 93). 

Figure 3 – Keyboard with improved accessibility used at a  

habilitation center. 
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3 Theory 

3.1 Eye tracking 
Within the subject of eye-tracking there exist a vast array of technologies and 

interaction techniques. The way of the actual tracking of the eye movements and 

fixations differ from device to device. When the human eye moves around on the 

computer screen, the eye-tracker records samples of where the user is looking, 

also called gaze data. Gaze data consists of gaze paths that are made up by 

fixations and saccades. Saccades is the name for the ballistic movements made by 

the eye when fixating a new point (Majaranta and Räihä, 2002 p. 15). 

Differences also exist in the interaction pattern, for example how a user selects an 

object on the screen. The different technologies and ways of interacting are 

intertwined with different pros and cons. 

3.1.1 Dwelltime 
One common method of selection when using an eye-tracker as an input device is 

the method of dwell time. If the user fixates a certain object, e.g. a button in some 

user interface, for a long enough time, the object will be selected, much like the 

selection that is made by a regular mouse. However, the mice of today often 

allow a number of different "clicks" to be made, i.e. left, right or scroll click, but 

this input method allows the user to perform only one type. In some particular 

systems the user is allowed to define which kind of click that shall be executed at 

the next long enough fixation.  

The user is also able to specify how long the actual dwell time shall be, i.e. how 

long time the user has to focus an object before selection occurs. This time is 

normally specified in milliseconds and usually ranges from around 600ms up to 

around, but seldom more than, 1000ms. Exactly where in the span individual ends 

up is a result of many factors such as motor and cognitive capabilities (Majaranta 

and Räihä, 2002 p. 16).  

In an article written by Mauri et. al (2007), the following factors are described as 

essential to consider and evaluate when choosing the exact mode of interaction: 

• Cognitive capabilities: Depending on the severity of the mental 

illness, users can suffer from cognitive problems, attention limitations, 

memory loss, etc. 

• Sensing and moving capabilities: Limitations on the sensing and 

moving capabilities are quite common and avert the use of some 

measurements. Moreover, these limitations reduce the number of 

applicable devices. 

• Previous knowledge: Some users have patterns of behavior that can 

negatively affect their interaction when using different devices. 

Generally, some users with cerebral palsy have learned how to 

manage a wheelchair by using a joystick, and this knowledge can be 

detrimental when using this device for controlling a computer. 
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• Learning progression: Users will improve their interaction by 

practicing, and the measurements must be able to precisely assess 

their improvements. 

(Mauri et al., 2007) 

One could argue that a lower dwell time would imply a faster interaction. That is 

intuitively correct but, as Tien and Atkins (2007) shows in their study including 

different dwell times; lower time also means lower accuracy. The user becomes 

more prone to make incorrect selections when the dwell time is lower (Tien and 

Atkins, 2008). 

However there are cases when a longer dwell time lowers accuracy by the means 

of the ability to select the desired object. If the user for example suffers from 

spastic movements induced by e.g. CP, the head movements can make impossible 

any longer dwell times. In such cases an alternative method of doing the actual 

selection can be used i.e. blinking with eyes or mechanical switches. 

3.1.2 Switch 
A switch based method of interaction can both be used in combination with an 

eye-tracking device and as only input device. If it is used together with an eye-

tracker the user shows which object to choose by gazing at it and then makes the 

selection by pushing the switch. 

If the user is unable to use an eye tracker, a scanning pattern can be used instead. 

The interface then highlights a subset of the selectable objects for a set period of 

time. If an activation of the switch occurs during this period of highlight a second 

smaller subset of first subset objects is highlighted. If no activation occurs the 

next subset of objects is highlighted. This cycle continues until the user is able to 

narrow down the selection to the one objet that are the desired for selection. This 

method is similar to the one used by a person that interprets communication 

through the Bliss system (Majaranta and Räihä, 2002 p. 16). 

3.1.3 Problems related to Eye Tracking 
Input based on eye movement is distinctly faster than other input methods based 

on any mechanical pointing devices. The users usually looks at the destination 

before operating the device. (Hyönä et al., 2003 p. 589) This statement however 

does not take into account the problems that are related to eye tracking as an input 

method, both when it comes to the technological challenges and the issue 

regarding using the vision as both an input device (seeing) and output device 

(interacting).  

Calibration 
Since the eye has a fairly complex construction and different persons have 

different attributes, an individual calibration has to be made. The calibration 

generally increases the accuracy of the eye tracker but it is still common that the 

accuracy is lower in some regions of the screen. 
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Drifting 
Since calibration is a key factor in successfully using the eyes as an input device 

it should be executed when a user uses a particular device for the first time. 

Though, when the newly calibrated device may have a high accuracy, after some 

time accuracy has gotten lower. This is called drifting and has the consequences 

"that the measured point of gaze is a few pixels off the actual point of gaze." 

(Majaranta and Räihä, 2002 p. 15). 

If the interface facilitates the use of a mouse cursor that is being positioned at the 

point of gaze, drifting has the effect that the cursor is placed just next to this 

point. The constant movement of the cursor, not properly aligned, causes the user 

to lose focus of the actual point of attention (Majaranta et al., 2004 p. 140). 

This is an issue that has been addressed, but no adequate solution has been found. 

Drifting is one of the biggest problems with using gaze input. 

Midas touch 
Another big problem with the gaze driven input is called the Midas touch. The 

name of the issue stems from the Greek mythology and the myth of king Midas, 

who almost died from his condition.
1
 Fortunately the problem is not that severe 

for the ET-users, but it is still considered one of the biggest issues in interface 

design for those users. 

The problem has its base in people’s accustomed use of the gaze, i.e. getting 

information rather than activating a command of some kind. The problem is 

described by Jacob (1991) in a widely cited work: 

At first, it is empowering to be able simply to look at what you want and 

have it happen, rather than having to look at it (as you would anyway) and 

then point and click it with the mouse or otherwise issue a command. 

Before long, though, it becomes like the Midas Touch. Everywhere you 

look, another command is activated; you cannot look anywhere without 

issuing a command. The challenge in building a useful eye tracker interface 

is to avoid this Midas Touch problem. Ideally, the interface should act on 

the user’s eye input when he wants it to and let him just look around when 

that’s what he wants, but the two cases are impossible to distinguish in 

general. 

(Jacob, 1991 p. 156) 

The problems is, as mentioned before, closely coupled to the fact that the user has 

to use the eyes both for retrieving information and to send signals controlling an 

interface. According to a study executed by Tien and Atkins (2008) the accuracy, 

i.e. the amount of intentional selections out of the total number of selections, is 

related to the dwell time used. In the experiment the users performed a certain 

task with different dwell times set. The result can be viewed in Table 1. 

                                                      
1
 According to the books, king Midas had a golden touch, turning everything that he touched into 

gold. At first an empowering ability but in the long run quite problematic. It is said that he almost 

starved to death, since the food that he tried to eat turned into rigid gold. 
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Condition (ms) 370.00 220.00 177.00 147.00 

Mean accuracy per trial 0.98 0.87 0.81 0.79 

Std. Deviation 0.15 0.34 0.39 0.41 

Table 1 – Accuracy of selection related to dwell time in ms.  

(Tien and Atkins, 2008 p. 50) 

In the study Tian and Atkins (2008) used dwell times that were lower than the 

dwell times utilized by most users, i.e. around 600ms to 1000ms. (Majaranta and 

Räihä, 2002 p. 16) The topic of their research was to study and improve different 

anatomies of a menu, controlled by an ET. Albeit the dwell times are 

considerately lower, it shows the correspondence with accuracy.  

3.2 Four cognitive determinants 
A study carried out by Small et al. (2005), evaluating how well a number of 

individuals with developmental cognitive disabilities manages to navigate a 

number of web sites, all W3C accessibility compliant, makes use of four, so 

called, cognitive determinants. These four cognitive determinants were used to 

explain and understand why the users succeeded and failed in their execution of 

the tasks given. Although this study does not include the usage of an ET as input 

device, reasoning around these cognitive determinants is still considered 

applicable while evaluating an interface designed particularly with ET-users in 

mind (Small et al., 2005). 

 
Situational awareness is related to a user’s perception, comprehension and 

projection of task requirements and requires strategies that encapsulate 

data to prevent information overload .  

Spatial ability, the ability to solve spatial problems mentally rather than in 

the physical world, is related to the time spent on completing a Web-based 

task .  

Task-set switching, the ability to focus and concentrate selective attention, 

is positively related to effective navigation.  

Anticipated system response, a users perception of how the system should 

respond to their query, has not been studied but it may be related to user 

situational awareness. 

(Small et al., 2005 p. 1794) 

These cognitive determinants can be related to Nielsen's ten rules of heuristic 

evaluation. These rules can be summarized in the following ten points: 

 Visibility of system status  

 Match between system and the real world  

 User control and freedom  

 Consistency and standards  

 Error prevention  

 Recognition rather than recall  

 Flexibility and efficiency of use  
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 Aesthetic and minimalist design  

 Help users recognize, diagnose, and recover from errors  

 Help and documentation  

(Nielsen, 2005) 

 

The heuristic of visibility of system status is for example closely related to the 

cognitive determinant of anticipated system response. It is through the system's 

ability to display its status the user perceives and evaluates whether the response 

is the correct one.  

3.3 Human computer interaction 
The discipline of interaction design is a collection of interdisciplinary fields 

including the area called Human computer interaction – HCI. There are many 

academic disciplines contributing to this area. Preece et al. (2002) mentions that 

Ergonomics, Psychology, Computer Science and Social Sciences (e.g. Sociology 

and Anthropology), among others, are contributing.  

A number of other design practices such as Graphic Design, Industrial Design 

and Film Production are also mentioned as associated with the field. It is 

therefore not uncommon that working with HCI means working together in a 

multidisciplinary team.(Preece et al., 2002 p. 6-10) 

Before the usability of a system can be examined, a definition of the word 

usability has to be given. An attempt of doing so is done in the following section. 

Thereafter a couple of common methods related to HCI are briefly introduced to 

be further elaborated under each study in section 4 The study . 

3.3.1 Usability  
The strive towards high usability have always been a central concern for HCI. 

Usability can be complex to define but one naive definition is "that systems 

should be easy to use, easy to learn, flexible and should engender a good attitude 

in people". (Benyon, 2010 p. 79)  

This definition is more than 20 years old, and since the field of HCI has gone 

through many changes during these years, so has the definition of usability. A 

more modern definition is given by Benyon (2010); a system with high usability 

has the following characteristics: 

 It will be efficient in that people will be able to do things using an 

appropriate amount of effort. 

 It will be effective in that it contains the appropriate functions and 

information content organized in an appropriate manner. 

 It will be easy to learn how to do things and remember how to do them 

after a while. 

 It will be safe to operate in the variety of contexts of which it will be 

used. 
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 It will have high utility in that it does the things that people want to get 

done. 

(Benyon, 2010 p. 84) 

Those points make a general understanding of what is to be expected of a system 

that has high usability. This does not necessarily imply that those characteristics 

are noticed by the user interacting with the system. On the contrary Rubin and 

Chisnell (2008) argues that "True usability is invisible" (Chisnell, 2008 p. 6). The 

meaning of this statement is that if something works well, it often passes 

unnoticed. Although, when the interaction is not going so well, this might cause 

frustration with the user. 

User frustration 
Almost every person has sometimes been frustrated when using a computer. 

There are many reactions to this frustration, ranging from mild irritation to 

feeling very angry. The frustration often stems from a bad design, not fulfilling 

the characteristics of a system with high usability. 

Preece et. al (2002) mentions four examples of "classic user-frustration 

provokers": 

 Gimmicks – When users are presented to a gimmicky display instead of 

receiving the expected system response. 

 Error messages – When the system crashes and provides the user with 

an error message that is cryptic, e.g. "An unexpected error occured". 

 Overburdening the user – When the user is forced into excessive tasks 

that were not expected, e.g. installing browser plug-ins to be able to view 

a web page. 

 Appearance – When the user finds the appearance of an interface 

unpleasant. 

There are various approaches for preventing user frustration. Some of those 

approaches may be appreciated by one group of users, while dismissed by 

another. An example of this, is introducing humanlike behavior, so called 

anthropomorphisms, into the system. It is sometimes considered being a good 

approach if designing for children. Albeit, adversaries suggest that the use of 

anthropomorphisms are "downright deceptive" (Preece et al., 2002 p.147-157).  

3.3.2 User centered design 
A definition of usability has now been introduced, together with some of the 

effects of a system lacking in usability. One approach for designing a usable 

system is called User Centered Design – UCD and has existed for decades. Over 

the years UCD has been called e.g. human factors engineering, ergonomics and 

usability engineering.  

A starting-point in the UCD is a focus on the user, taking into account the users 

abilities and limitations and the context in which the user operates. The basic 

principles are summarized by Rubin and Chisnell (2008) as: 
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 Early focus on users and their tasks 

 Evaluation and measurment of product usage 

 Iterated design 

(Rubin and Chisnell, 2008 p. 13) 

Although the UCD has many good effects on the design process, it is sometimes 

blamed to take too much time, thus costing too much, especially when 

implemented in short term projects. This statement may sometimes be true but 

Braiterman has performed studies that show the opposite (Preece et al., 2002). 

The UCD approach is an assembly of techniques, processes, methods and 

procedures that are used to designing a system that is usable; and doing so by 

placing the user in the center of the process. One way to implement UCD is 

through Contextual Design, which is described as a "range of tools and 

techniques that can be used in an ad hoc manner" (Benyon, 2010 p. 271). 

Contextual inquiry 
A common first stage of a Contextual Design process is called a Contextual 

Inquiry – CI. CI is a combination of observing the users working in their natural 

context and in parallel performing an interview. Benyon (2010) mentions four 

guiding principles for the contextual inquiry: 

 Context – The analyst enters the context, which is the environment 

where the user works. 

 Partnership – A relationship characterized by the 'master-apprentice 

model' should be employed; the user being the master teaching the 

analyst. 

 Interpretation – While observing the analyst is to perform some 

interpretation of what is being observed rather than just trying to 

document everything. In order to validate or dismiss the interpretations 

they should be reflected back to the user. 

 Focus – During a visit a focus is needed to obtain enough details; though 

not to narrow, since concentrating on one task solely may cause other 

aspects to go unnoticed (Benyon, 2010 p. 275). 

Focus group 
While the contextual inquiry primarily focuses on observing one user at a time 

the focus group includes many users in parallel. This is according to 

Benyon(2010) the most common way of working with more than one individual 

at a time. The facilitator of the focus group initiates the session by posing 

questions to the members of the group. In the following discussion the users are 

encouraged to react on each other's answers (Benyon, 2010 p. 164). 

This has the effect that one persons statements can stimulate the memories of the 

other members of the group, thus generating a discussion; a discussion that flows 

much more naturally than an interview with a single person. Furthermore, by a 

introducing a stimuli, e.g. a prototype, to the group, a preliminary concept or 

early prototype may be evaluated (Rubin and Chisnell, 2008 p. 17). 
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Conceptual model 
A conceptual model can be created and presented to the users at an early stage in 

the development process; for example by arranging a evaluative focus group. 

Preece et. al (2002) describes the idea of a conceptual model as: 

a description of the proposed system in terms of a set of integrated ideas 

and concepts about what it should do, behave and look like, that will be 

understandable by the users in the manner intended. 

(Preece et al., 2002 p. 249) 

When a conceptual model has been established and evaluated with users, 

according to the principles mentioned above, a prototype may be created to add 

more detail to the design. 

Prototyping 
There exist a range of different levels of prototyping, from the quick and cheap 

paper based sketch to a complex software running on a computer. Prototypes may 

serve as a useful aid while discussing ideas with users and encourage reflection. 

They also help designers choosing between different alternatives. 

It is common that the early design process includes creation of Low-fidelity 

prototypes that are cheap and easy to create, alter and discard. They are useful 

since they allow the exploration of alternative ideas without wasting too much 

resources (Preece et al., 2002). 

Later in the design process a high fidelity prototype may be produced, which 

better demonstrates the functionality of the final product. One of the major 

drawbacks with a high fidelity prototype is that it consumes a lot of time and 

money to generate. Marc Rettig even argues that "more projects should use low-

fidelity prototyping because of the inherent problems with high fidelity 

prototyping" (Preece et al., 2002 p. 246). 

 

Usability testing 
The methods of user inclusion mentioned earlier in this chapter are primarily 

oriented towards qualitative data. Usability testing on the contrary has, according 

to Preece et. al (2002) another focus; the measurement of user's performance 

turned into quantitative data. The number of errors and time needed to perform 

certain tasks are examples of such quantitative metrics. Observation, video 

recording and logging are three methods that are used to document the users 

actions when carrying out the tasks (Preece et al., 2002 p. 141-142).  

There are however methods of evaluating usability that does not rely as heavily 

on quantitative data. One of those methods, and perhaps one of the most 

commonly used is the think aloud technique. It is a method that was originally 

described in 1945 by Karl Duncker in a work within experimental psychology. 

The main idea of this method is that the user, instructed to perform a certain task, 

at the same time should verbalize the thoughts that emerge. This is by some 
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considered hard to achieve, but the purpose of this is to gain access to "what goes 

in people's heads". By doing so usability issues can be discovered (Nielsen et al., 

2002). 
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3.4 Including persons with disabilities in the 

design process 
Inclusion of the user in the design process is emphasized in UCD. When deigning 

an interface that is going to be used by persons with disabilities it is even more 

important to include users in the process. It is not uncommon that guidelines are 

the primary way of deciding whether a system is usable. The interfaces of today, 

e.g. websites "continue to be built based either on artistic design parameters 

developed from personal experience, or on usability data with limited 

generalization to populations with cognitive disabilities." (Small et al., 2005 p. 

1793). 

There exist numerous methods for performing usability testing with users from 

the target group. However not all of those are have proven suitable for conducting 

tests with persons suffering from disabilities. For example, conducting a session 

of thinking aloud evaluation with a person that is non verbal will not be very 

successful.  

3.4.1 Accessibility 
Although testing the usability has a natural place in the work of today's software 

designer, testing accessibility has not. Many designers do not make the distinction 

between usability and accessibility. There is however research made, that 

highlight the similarities between methods of evaluation usability and 

accessibility.  

Tanaka et al. (2005) make a comparison of the two kinds of evaluations and 

draws the conclusion that when solving the majority of the usability problem, the 

accessibility probably improves. This will no however remove all the accessi-

bility problems. The opposite is also true, i.e. that if most of the accessibility 

problems are solved some of the usability ditto will be as well (Tanaka et al., 

2005 p. 146).   

3.4.2 Design by guidelines 
When designing a system or interface that shall allow inclusion of persons with 

various disabilities, e.g. cognitive impairments, one have to carefully consider 

what design choices that are made. This is often done by conforming to 

guidelines, rather than including actual users in the process (Small et al., 2005, 

Tanaka et al., 2005). 

One big advantage with guideline based design is that it is possible to use semi-

automatic tools for the evaluation. Bobby and Cynthia are examples of two semi-

automatic tools that were created to evaluate how well web pages conform to 

W3C/WCAG and Section 508 guidelines (Tanaka et al., 2005 p. 141). 

W3C/WCAG 
World Wide Web Consortium – W3C is an organ for standardizing of different 

technologies related to the web, including definition of accessibility guidelines. 

Their mission is according to their website to "lead the Web to its full potential". 
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WCAG is an abbreviation for Web Content Accessibility Guidelines and is created 

by the Web Accessibility Initiative – WAI that is a part of W3C. These guidelines 

specify how to create accessible interfaces, primarily web pages. (W3C, 2008) 

The guidelines in WCAG are organized hierarchically under four main properties 

describing functionally of a website: 

1. Perceivable 

2. Operable 

3. Understandable  

4. Robust 

(W3C, 2008) 

Each of those areas includes a number of more specific guidelines that needs to 

be fulfilled in order to reach certain levels of accessibility. The conformance 

levels are called A, AA and AAA – in order of increasing accessibility – and 

specifies different requirements that must be fulfilled. One example is the 

guideline regarding making the interface distinguishable: 

Guideline 1.4 Distinguishable: Make it easier for users to see and hear 

content including separating foreground from background.  

(W3C, 2008) 

This guideline is further elaborated in a total of nine concrete points including the 

following four: 

1.4.1 Use of Color: Color is not used as the only visual means of conveying 

information, indicating an action, prompting a response, or distinguishing 

a visual element.  

[…] 

1.4.3 Contrast (Minimum): The visual presentation of text and images of 

text has a contrast ratio of at least 4.5:1 

1.4.4 Resize text: Except for captions and images of text, text can be resized 

without assistive technology up to 200 percent without loss of content or 

functionality. 

[...] 

1.4.6 Contrast (Enhanced): The visual presentation of text and images of 

text has a contrast ratio of at least 7:1 

[…] 

(W3C, 2008) 

The two points numbered 1.4.3 and 1.4.6 is highly related. The first one conforms 

with level AA while the second specifies an even higher contrast and therefore 

conforms with the most accessible level, AAA.  

Another of the second level guideline of interest is:  

Guideline 2.1 Keyboard Accessible: Make all functionality available from 

a keyboard.  

(W3C, 2008) 
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Along with these concrete guidelines, references to technical instructions of how 

to fulfill them are given. If the technical guidelines are followed, an automatic 

validation can sometimes be performed, as mentioned above. 

Section 508 
The organization called Section 508 is a governmental sanctioned organization 

that provides a set of regulations and guidelines. Those guidelines rest on a law 

created in 1998 stating that all Federal agencies have to "make their electronic 

and information technology (EIT) accessible to people with disabilities" 

(Section508, 2011).  

The volume of guidelines from Section 508 is vast and covers many different 

areas. Unlike WAI that mainly deals with issues related to the web, Section 508 

also covers areas like operation systems, telecommunication products and 

computers.  

[…] 

(g) Applications shall not override user selected contrast and color 

selections and other individual display attributes.  

(h) When animation is displayed, the information shall be displayable in at 

least one non-animated presentation mode at the option of the user.  

(i) Color coding shall not be used as the only means of conveying 

information, indicating an action, prompting a response, or distinguishing 

a visual element.  

(j) When a product permits a user to adjust color and contrast settings, a 

variety of color selections capable of producing a range of contrast levels 

shall be provided.  

[…] 

(Section508, 2010) 

3.4.3 Considering CVI 
A description of the effects CVI has on a person’s ability to perceive the 

environment is given in the section 2 Background. Since CVI is a fairly common 

disorder it shall be considered in the design process. Jacko et al. (1999) describes 

the CVI related factors that affect the task performance:  

Results indicate that visual acuity, contrast sensitivity, visual field and 

color perception were significant predictors of task performance. In 

addition, icon size and background color significantly influenced 

performance. 

(Jacko et al., 1999) 

These factors can be related to the effects of CVI mentioned by Dutton (2006). A 

reduced visual field can have the effect that the user gets lost, since no overview 

of the interface can be obtained. The difficulties extracting information from a 

complex background are related to a user’s ability of color perception. Therefore 

those factors should be considered when developing an interface aiming towards 

high accessibility.  
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4 The study 

The study was implemented as a four stage iterative design process consisting of 

a prestudy, a conceptual design phase, a prototype phase and phase of final 

accessibility evaluation. The phases had different aims, from getting an overview  

of the context to a more detailed analysis of accessibility issues. However, the 

aim of each of the step was also to find out what constitutes a good design for 

persons in the intended target group and to evaluate how well the methods used in 

each phase worked.  The data collected throughout the full extent of the study 

was summarized and used in the final result and discussion. This was done by a 

form of method triangulation. 

4.1 User recruitment 
The roles of the users in this study ranges from the person actually using the 

system, to the persons working in the team around this person. They are all 

considered important persons in this study since they have different inputs to the 

design process and are able to see things from different perspectives depending 

on their individual professions (Alm, 1994). 

Since the particular group of users has very differentiated abilities and needs, it 

was in the interest of this study to include many persons in the design process. 

The teams around our end users often reside at so called habilitation centers. The 

recruitment process started with establishing contact with three habilitation 

centers, in the Stockholm area, that worked with user within our target group. 

A first contact was established with the supervisors of the centers, that later 

evolved into contact directly with teachers, speech therapists and end users. It is 

considered good practice to work with more than one user at a time (Hornof, 

2009 p. 2180). Therefore contact was initiated with two user at each center. 

4.1.1 Ethical issues 
The persons involved in this study can, from an ethical point of view, be put in 

two groups. The first group is the actual end users, whom all have severe motor 

impairments. Another common denominator for the persons in this group is that 

they are all minors. The other persons include the teachers, speech therapists and 

personal assistants that are all part of the team around each of the individuals. 

Each of the persons included in this study had to sign a consent form, called 

Informed consent form by Rubin and Chisnell. (See Appendix A) To the group of 

under aged, this form was issued so that their parents were informed about the 

study and could give their consent. The other group, in whom all where adults, 

got a similar form but without the parental references (Rubin and Chisnell, 2008). 

All of the data collected throughout this study is confidential in the meaning used 

by Patel and Davidson i.e. that no one but the researchers know which individuals 

that took part in the study (Patel and Davidson, 2003).  The data can however not, 
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be considered anonymous since the researchers met in face to face situations 

during the full study, and a personal contact was rather encouraged than avoided.  

The user recruitment was, as mentioned, initialized by establishing contact with 

habilitation centers in the Stockholm area. This approach to user recruitment to an 

evaluative study is called the Rehabilitation Evaluation Model by Alm (1994). 

With this approach some advantages automatically follow. The inclusion of 

another agency helps the researchers to follow correct ethical and professional 

procedures. Help can also be received with assessment of suitability of potential 

users to be included in the testing (Alm, 1994 p. 102). 

4.1.2 Outcome 
The outcome of the recruitment process can be viewed in Table 2. The three 

habilitation centers are assigned the names C1, C2 and C3; those will be used 

throughout this report.  

Habilitation 

center 

Students Speech 

therapists 

Teachers Personal 

assistants 

C1 2 1 2 2 

C2 2 1 1 2 

C3 1 0 1 2 

Table 2 – Persons included in study 

C3 was the only center from which only one student was recruited. No speech 

therapist was available at C3 either. However the personal assistants recruited 

from this center was enthusiastic and got involved in many of the discussions 

along the study. 
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4.2 Pre-study - Getting an overview 
A key success factor in the user centered design process is to create an 

understanding about the users and their working environment. This is often a time 

consuming activity, especially when including persons with the kind of 

disabilities that this study did (Gauffin, 2003 p. 37). Communication with a 

person affected by CP takes more time than communication with non-disabled 

persons. Also, a great deal of ambiguity is added , in both directions (Hornof, 

2009 p. 2179). For example, a person using Bliss to communicate often 

formulates incomplete sentences, thus opening for different interpretations of the 

meaning. 

In addition to gaining knowledge about the user , the prestudy aimed at starting 

the process of forming a conceptual model and deciding a mathematical scope. In 

accordance with Benyon's (2010) principles for the contextual inquiry, an agenda 

was used during these first visits to obtain the necessary focus (See Appendix B). 

4.2.1 Contextual inquiry 
When using contextual inquiry as a method for examining the users environment, 

the main idea is to “collect data in the context of users’ work as a partner with 

users.” (Wixon et al., 1990 p. 331) This means talking to the users while they are 

actually in the environment that the designer designs for.  In this study, the 

contextual inquiry was implemented as participation in the users’ school 

environment. During this participation a picture of the users’ everyday school 

activities in general, and math related activities in particular, was obtained. The 

inquiry also incorporated talking to the teams working around the users, i.e. the 

speech therapist, the teacher and the personal assistant. Since those are all 

included in the users everyday activities, their knowledge and input is valuable 

for the study. (Beukelman and Mirenda, 2005 p. 111, Hornof, 2009, Hornof, 2008 

p. 71) 

The implementation of the method in this particular study can be described as a 

combination of the methods Observing users and Asking users presented by 

Preece(2002); in the “quick and dirty” implementation of these methods they are 

described as “[i]mportant for seeing how users behave in their natural 

environments.” and to allow a “[d]iscussion with users and potential users 

individually, in groups or focus groups.” (Preece et al., 2002). 

This methodology is sometimes called unstructured contextual inquiry, mainly 

because it, in contrast to the structured inquiries, does not have a fixed set of 

question that is followed. This allows the person performing the study to observe 

and elaborate whatever interesting phenomenon that arises during the session. 

Although, as Patel & Davidson points out, it is impossible even for the most 

skilled researcher to observe “everything” (Patel and Davidson, 2003 p. 94). 

The main goal of this first visit was to establish a personal relationship with both 

the end users and the teams working together around these users.. A whole day 

was designated to each of these first visits. The “getting to know”-activity is 

important, especially when designing for this particular group of user, suffering 
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from severe disabilities. When a relationship has been established the feeling of 

awkwardness decreases. The issues related to the communication barriers can 

also be reduced, for example by learning how the persons express "yes" and "no". 

(Hornof, 2009). 

4.2.2 Result 
During the first visit at each habilitation center, a first contact was established 

with the adolescents. Since all the previous correspondence had been with the 

adults, teachers and speech therapists, a fair amount of time was given to 

introduction of the background of this project and the ideas of creating a tool for 

math aid. To begin the process of building a personal relationship with the users, 

an introduction of ourselves was given. This introduction included information 

about us  – the researchers – and why we had chosen to perform this study. 

For all the users included in this project, the mathematical skills are a couple of 

years behind the level that is considered normal for adolescents of their age. This 

can be seen in Table 3 together with the number of years they have been using an 

ET-device for communication.  

User Habilitation 

center 

Grade Math level 

(equal to grade) 

Eye tracker 

experience 

U1 C1 5 3 3 ⅟₂ years 

U2 C1 5 1 4 years 

U3 C2 5 2 3 years 

U4 C2 5 - 3 years 

U5 C3 7 5 3 years 

Table 3 – Short facts about end users 

The estimated math level was obtained from the user’s math teachers, which has 

a deep insight in each student’s individual problems related to learning in general 

and math in particular. The user U4 dropped out of the study after this first visit; 

this due to medical reasons. However contact with this user was still kept during 

the full extent of the study, but participation was not possible. 

Individual learning dominating 
All the adolescents were taught together with other persons with various 

disabilities, not necessarily CP. The number of students in the teaching groups 

was around six, and most of them had their own computer with an input device 

specialized for their particular set of disabilities. The teaching was, in all three 

habilitation centers, primarily carried out as individual work by the students 

supported by the teacher and the presence of other adult persons e.g. personal 

assistants. Something that was expressed by all adults, especially strong by the 

teacher in center C3, was the intention to enable the adolescents with disabilities 

to work more independent. This could for example mean that instead of an 

assistant writing everything down, during a math lesson, they could write it down 

themselves; in other word communicating math. 
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Effects of vision impairments 
As described earlier, many individuals having CP is also affected by CVI. This 

was confirmed by all the speech therapist and some of the more well-read 

teachers. Since CVI has different effects for different persons, there is no easy 

way of fulfilling every single user’s individual needs with one interface.  

However during the inquiry, the informants pointed out a few design factors that 

make for an interface more accessible for individuals with CVI.  

Colors with high contrast are important for many users to be able to 

differentiate an object, e.g. a button, from the background. The experience from 

the informant’s point of view however, was that the same set of high contrast 

colors, which worked fine with one user, could work much worse with another. 

Their strong suggestion was to allow for easy individualization of the colors, both 

background and foreground. 

Large areas for interaction are necessary for some users that for various reasons 

are having difficulties focusing on small objects on the screen. The persons in this 

study all suffered from involuntary movements of the body and limbs, including 

the head. The CVI, can also make it hard to distinguish and focus an object. 

Similar to the issue regarding contrasts, this is also a highly individual matter. 

Some users, e.g. U1, are using the ET device to interact directly with the 

windows user interface, albeit a customized version, still including many rater 

small targets for selection. 

A simple design with few distractions was mentioned as a key factor to success 

by many of persons in the test. During the inquiry a number of existing math 

educations software were come across, most of which was not designed with 

disabled people in mind. One program comprised a number of animated 

characters, with too many small details to be appreciated by a person with vision 

impairments. The characters also moved around on the screen, making different 

sounds as the cursor was moved. This was described by the team members as an 

unnecessary cognitive distraction for the students.  

The usage of sound as feedback was, in true behavioristic spirit, considered a 

good approach by most team members. A couple of educational software was 

shown by the teachers, and all of them had some kind of audio feedback. 

However, the experience was that only the desired behavior, e.g. a correct 

answer, should be fit with an audio feedback. Else, there would be a risk that 

some students became more interested in the sounds than working towards a 

correct answer. 

Conformance with guidelines 
One of the points that were emphasized by all teachers was to create a simple 

design with few distractions. This can be related to the Section 508 guideline (h) 

which states that if content in the interface is animated, the same information 

shall be available in a non animated presentation as well. This had not been the 

case in the educational software that they had encountered. 
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The need of objects with high contrast colors was also mentioned as an important 

feature by many team members. This is something that is emphasized in the 

WCAG guidelines 1.4.3 and 1.4.6 that specifies different contrast ratios necessary 

to fulfill certain levels of accessibility. 

Desired functionality 
The mathematical scope was narrowed down during these sessions. This was 

done with the five users in mind. Since many persons with CP have grown up 

with a severely impaired mobility, they have had fewer occasions to develop their 

spatial ability. When spoken to the teachers and speech therapists the general 

understanding was that this implied having harder time learning about the 

geometrical shapes. Prepositions – above, under, behind and in front – was 

expressed as another difficult area.  

Another issue that arose was that the students where highly dependent on their 

personal assistants while doing calculations that cannot be done entirely by 

mental calculation but rater needs scribbling. One problem is that the assistant 

often knows the answer and therefore unaware gives hints about whether an 

answer is correct or not. This, together with the fact that both the school and the 

students themselves expressed a strong will to a more independent way of doing, 

made the foundation of an idea of a tool that enables the students to make these 

notes themselves. 

Difficulties with method 
As a result of the users being non verbal, the communications was moving at a 

much slower pace than it would with verbal persons. Most of the time, a personal 

assistant helped the user communicating either by interpreting the guttural sounds 

that some users could create or by scanning the Bliss-chart. Even when the users 

where aided by their ET-devices, the communication was carried on in a slow 

pace.  

This situation had two main implications on the study: 

1. The visit took a much longer time than first expected. Even when the 

visit was allowed to take longer time, some questions that arose during 

the conversations had to be left unanswered. 

2. No tape recordings were made during the visits. Since the recordings 

would only have incorporated some of the participants it was considered 

nonessential and the primary method of documentation was instead 

thorough note taking by both researchers. 

Early in the inquiry process it was discovered that the questions that had been 

prepared was sometimes hard to answer for the end users themselves. The 

caregivers intervened and advised that only questions with  yes/no answers would 

be asked. Two of the five users met during this inquiry could however formulate 

sentences as answer. One with the support of the ET-communication tool and one 

by interpretation from the assistant.  



 THE STUDY – A CONCEPTUAL PROTOTYPE 

 

 

27 

4.3 A conceptual prototype  
When the results of the initial inquiry had been brought together, the process of 

developing a conceptual prototype began. As a first approach the design space 

was diversified, by forming a couple of different concepts that where compared 

and discussed.  

This process aimed at deciding the mathematical scope of the software. Some 

thoughts about basic tasks and the flow through the interface were also included 

in the model. Since the time restraints of this study would not permit further 

development of all those ideas, two of them was chosen and formalized into 

prototypes. 

Geometrical concept 
This concept was created with the idea in mind that persons with severe motor 

impairments often need to practice their feeling for geometrical shapes and 

positions. The principal features of the concept are that the student is presented a 

number of different geometrical shapes of various size, color and positions and an 

objective like “Identify the biggest green circle” or “Identify the topmost red 

square”. The concept is described in more detail in Appendix C. 

Columnar calculation 
A second conceptual prototype was formulated. The mathematical scope of this 

idea was the calculations with the four basic arithmetic operations, addition, 

subtraction, multiplication and division. Something that is very easy for the able 

bodied population is to scribble down a calculation like the columnar calculation 

in Figure 4. 

 

Figure 4 – Columnar addition 

This kind of externalizing of the cognitive processes while calculating is 

something most of us take for granted. Since the typical user of an AAC ET-

device is not able to do so, the calculations must be done entirely in the mind, 

putting a great strain on the working memory (Jenks et al., 2009 p. 873). 

Calculations could however be performed with the constant support of an 

assistant that writes for them. The latter is, according findings from the contextual 

inquiry, common in the schools today. 
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Considerations from previous iteration 
Since the model created in this phase was mainly conceptual, most of the 

considerations was not related the visualization of the design. Focus was instead 

put on deciding the mathematical scope of the model. However the idea of a 

simple interface with few distractions was something that was included in the 

model description, as a schematic image.  

The model describes is a tool, explain more detailed in Appendix C, that allows 

the user to perform the same kind of supporting note taking as any able bodied 

peer would be able to, and thereby enabling an independence otherwise not 

possible to achieve.  

4.3.1 Exploration through focus groups 
When the first prototype was evaluated with the users, the method of choice was 

a series of focus groups. The persons involved in this evaluation were the same 

teams that we had already established contact with during the contextual inquiry. 

This is an important step in making the users feeling included in the design 

process, something that needs to be a priority especially when designing for the 

particular user group (Gauffin, 2003). 

Focus groups are commonly used in the early stages of a design process to enable 

incorporation of the users’ thoughts into the early stages of conceptual formation. 

The role of the focus group in this study is, in a small extent for validation the 

design choices already made, but mainly as an exploratory opportunity in which 

the users are encouraged to communicate what aspects that can be developed 

more in depth. The focus group can in no way substitute usability and 

accessibility testing but “[t]he beauty of the focus group is its ability to explore a 

few people’s judgments and feelings in great depth […]” (Rubin and Chisnell, 

2008 p. 17). 

A great advantage of using focus group instead of e.g. interviews is that it allows 

different stake holders, i.e. personal assistants, teachers, speech therapists and end 

user, to meet and gain knowledge of one another’s perspective. In this process it 

is possible to highlight “areas of consensus and conflict.” (Preece et al., 2002 p. 

214) 

During the focus groups data was collected by both researchers, involved in the 

two studies, taking personal notes. The two sets of data that was extracted from 

the focus groups had a qualitative nature and were in a later stage discussed and 

analyzed together. 

4.3.2 Result 
Three focus group sessions were executed; one at each habilitation center. 

Participants from C1 was two math teachers, a speech therapist and during the 

first half of the session both users with their assistants were also present.  

 



 THE STUDY – A CONCEPTUAL PROTOTYPE 

 

 

29 

At C2 and C3 the focus group participants was limited to only including the 

teachers and the speech therapists. The two concepts was presented, one at a time, 

in two introductions; approximately 5 minutes each. From there on the word was 

free and the results of the discussions are summarized below. 

Many interesting thought and ideas sprung from the discussion around the 

geometrical concept. However, since the time frame of this study did not permit 

further development of more than one of those concepts these ideas are not 

described. The following ideas related to the concept of columnar calculation 

were documented. 

Visualization of numbers is something that is common in many math education 

books. For example coins where used to represent numbers in the book Matte 

Direkt Safari 1A, see Figure 5.  

 

Figure 5 – Coins representing a number used in math education book Matte Direkt Safari 

1A (Falck et al., 2008 Första upplagan) 

This kind of visualization was something that was desired. This primarily applies 

to numbers ranging from 1-20, since the screen otherwise would become 

cluttered. The teachers also mentioned that the students that need the support of 

visualization work with numbers smaller than 20. When introducing the visual 

representation of numbers the actual images shall be considered thoroughly. One 

teacher expressed that the kids sometimes had a hard time relating to coins since 

they, because of their motor impairments, seldom use them.  

Instead it was suggested that the user could choose which unit that should be used 

individually. One of the user was, according to the team very interested in 

airplanes, something that they concluded would be a suitable unit of visualization. 

The two users at C1 both had a personal interest in Swedish hockey and 

expressed a will to use their favorite team's badges instead.  

Automatic selection of next answer field – When exercising this kind of 

algorithmic calculation method (see Figure 4) you sometimes end up with carry 

digits. As a novice user to the algorithm it is not uncommon to forget to take note 

of the carry digit. When discussed with the teachers they expressed a need of 

functionality for automatic selection of the next answer field when performing a 

calculation.  

A keyboard with all necessary functions visible at the same time was requested 

by the teachers. Most users struggled with a built in keyboard while they did 

math, resulting in "an endless switching back and forth" since all the 

mathematical symbols did not appear in the same place. One of the personal 
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assistants in the team at C3 had however created a custom math keyboard for U5 

which he used when doing math at school. 

Difficulties with method 
Most of the discussions where done together with the team members but not 

including the actual end users. In one center the users however were present 

during the first half of the discussion. During this first half, there was an 

awkwardness affecting the conversation in a negative manner. Another related 

problem is that the pace of the conversation was adjusted to better suit the 

persons with disabilities, thus removing some of the natural flow mentioned by 

Benyon (2010) as one of the advantages with this method. 

The issue regarding the awkwardness was primarily caused by discussing the 

users individual problems and disabilities when they were present. Hornof (2009) 

describes this initial awkwardness when working with people with disabilities. He 

also  argues that "these feelings can be managed over time". (Hornof, 2009 p. 

2179) 
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4.4 A prototype evaluation 
Ideas and input that surfaced during the focus group was summarized and used as 

a foundation for the development of a more concrete prototype, one that 

simulated the main flow of the software being designed. The size and layout of 

elements on screen, factors that are of big importance when designing for the 

particular user group, were also included in the prototype (Tanaka et al., 2005). 

4.4.1 Creation of prototype 
The prototype used in this evaluation was created with Pidoco

2
. The tool gives 

the designer access to a set of predefined graphical elements. With those elements 

a layout can be created and added to a series of screens, linked to each other in a 

manner that simulates the flow of the software. The main outline of the prototype 

created can be view in Appendix D. 

Areas to "rest" the eyes 
One fundamental thought that was central when creating this prototype was that it 

should include areas in the interface where the user can rest their eyes so that 

Midas touches, i.e. unintentional selections, can be avoided.  

By making parts of the inactive, no unintentional selections could occur in there. 

The areas that where no interactions are possible is the areas where the user is 

supposed to read. An example of this is shown in Figure 6, where the areas that 

allows selections have been marked with stripes. All other areas of the screen is 

"safe" to look at, without any risk of unintentional selection. This is primarily 

important for the top-leftmost area of the screen, where digits has been entered. 

The prototype was then evaluated using the thinking aloud method. 

 

Figure 6 – Screenshot from wireframe prototype where  

  interactive areas has been marked.

                                                      
2
 Web based tool for creation of wireframe prototypes found at www.pidoco.com 
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Considerations from previous iterations 
The previous iterations rendered a number of findings which were implemented 

in this prototype. One main issue is when the user has to change back and forth 

between on screen keyboards, to enter data into the application. The interface of 

this prototype implemented this thought. It was always displaying all the objects 

that were relevant to the particular step, thus avoiding the switching to an 

onscreen keyboard. 

4.4.2 Thinking aloud 
The thinking aloud technique is considered to be a simple way of implementing a 

user evaluation. The main idea is to try to capture the thought that occur in the 

users head while performing certain tasks. These thoughts can sometimes be very 

revealing of how user thinks and in which way a certain interface is being 

interpreted. The execution should start with the test leader explaining the method, 

preferably by a small example. Also some weight should be put on explaining to 

the user that it’s not them as persons that are being evaluated, but rather the 

system. When the method is properly introduced the user receives one or more 

task to perform. Depending on which kind of think aloud evaluation that is going 

to be used, the size of the task may vary (Rubin and Chisnell, 2008 p. 204). 

Ericsson and Simon(1984), who have laid a foundation upon which today’s think 

aloud methodologies rest, make a difference between the concurrent and the 

retrospective think aloud. They mean that the thinking can be viewed as a 

temporal sequence of mental events. And it is those events that the test subjects 

are supposed to verbalize concurrently performing the given task. The 

retrospective version of the method on the other hand opens up for a slight delay 

in when the subject needs to verbalize the thoughts. The authors mean that the 

task, given to the test subject, mustn’t take longer than 10 seconds to complete. 

Otherwise the accuracy and completeness of verbalization won’t be as high as 

they could be. This does not mean that retrospective think aloud always has a 

lower accuracy. In fact it has been found that when given task no longer then a 

few seconds, the method is likely to produce  a more complete verbal report than 

if the concurrent ditto had been used (Ericsson and Simon, 1984). 

The think aloud method is one of the most commonly used methods for user 

evaluation worldwide, sometimes considered “the usability method”. Nielsen et 

al. (2002) argues that “[t]his should not come as a surprise – internationally the 

technique is taught as part of the HCI curriculum at many universities and 

described in many textbooks” (Nielsen et al., 2002 p. 101-102). In a panel 

discussion Joe Dumas’s stated that “Think aloud is the most important method we 

have in the toolkit of usability evaluation” (Ramey et al., 2006 p. 47) and added 

that without this method, the UCD would not have gotten to where it is today.  

The main target group for this evaluation was the verbal persons working in the 

team around the end user. Since those persons have a lot of knowledge about 

what´s practicable for the end users, their opinions are valuable. Another reason 

why the end users were unable to participate in this prototype evaluation was that 

the actual prototype was built as a webpage and not as a tool in the 
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Communicator, which is the environment that most of the users are familiar with. 

For further details on the task and information about this evaluation, see Appendix 

D. 

4.4.3 Result 
The main direction was to perform this test with the teams members. However 

one user, that have an eye control accuracy high enough to interact directly with 

the Windows interface, was asked to perform the same task and did so 

successfully. This was valuable since it allowed verification that the flow of the 

interface was compatible with interaction by ET as well. 

An intuitive main workflow was appreciated by all of the test participants. The 

concept of first choosing the mathematical operator followed by the setup of one 

term at a time finally ending up in calculation mode was clear and needed no 

detailed explanations. 

Using a familiar icon language is of great essence since the users already have a 

well established knowing about what different objects mean in context of using 

Tobii Communicator.  

Unclear function of the green arrow caused trouble for all of the participants 

(see Figure 6). The reason was that they did not understand what it did, when 

moving from setup of the first term to setup of the second term. Instead of using 

the arrow pointing to the right, which was coupled with changing the view in 

some way, a change of icon to either the appropriate arithmetic operation or a 

downward facing arrow was suggested. 

Unnecessary view switch when entering calculation mode was considered 

problematic. The persons in the test had no problem understanding the change of 

view that occurred when moving from the setup of the last term to the calculation 

mode. A concern, considering the users with CVI and other cognitive 

impairments, was  raised. And most of the participants in the test commented in a 

negative manner around this changing of view. 

Unintuitive with unclickable second term – All of the participants in this test 

tried, when finished entering the first term, to click on the field that was supposed 

to hold the second term. A note is that all users but one used the mouse as then 

primary input method. 

Visualization units should be cleaner and consist of just colored squares. This 

was suggested by the teacher at C2. However this stood in contrast to the 

feedback from the teams at the other centers who liked the idea of having images 

as units for visualization. Though they also pointed out that the exact image in the 

prototype may be to cluttered. 

"A clean design with no more objects then necessary" was a testimonial 

expressed by one of the personal assistants from C3 that participated in this study.  
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Difficulties with method 
In the context of this study, this iteration was special. It did not include almost 

any interaction with the actual end users. This was partly because the end users 

were not considered able to actually interact with this prototype run in a web 

browser. However, one user insisted that he would still want to try, and did so 

successfully. It is worth mentioning that he indeed is an expert user, in the sense 

that he uses the eye tracker freely to navigate the windows interface; something 

that is not very common among this kind of users. 

Another reason why the end users were not included in this evaluation was that 

the method of gathering data was the thinking aloud method. Since the end users 

are non verbal it is very hard, if not impossible, for them to share their thoughts 

as they perform the tasks. 

Using the team members as primary group in this evaluation was therefore the 

preferred choice. Since most of them work with the end users on a daily basis and 

has a great insight in what is working and what is not. 
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4.5 A final evaluation 
This final evaluation of the math tool was preceded by three different methods of 

data gathering and evaluation. One of the main objectives of this last iteration 

was to validate our findings and how well these had been incorporated in the 

software. A software that the users themselves was able to use since it was 

created within the framework of Communicator. 

The main outline of this final evaluation was a initial introduction, followed by a 

period of individual long term testing to end with a interview that followed up.  

4.5.1 Creation of hi-fi prototype 
The prototype used in these final test sessions was implemented as a plugin to the 

Communicator provided by Tobii on all their AAC eye trackers.  

Considerations from previous iterations 
The effect that CVI has on a person’s ability to perceive an interface became an 

important part of creating this prototype. In accordance with earlier findings the 

following features was implemented: 

 Big buttons that were easy to select 

 High contrasts in text, foreground and background 

 A simple flow that included few view changes 

The first two points is closely related to the WCAG guideline 1.4 that attends the 

issues related to making an interface Distinguishable. The last point is strongly 

coupled with the cognitive determinants of navigation discussed by Small et al. 

(2005). 

Some other design choices, which are more related to eye tracking as input 

method rather than to the user’s disabilities, are the following: 

 Big areas without interaction 

 Two step selection 

Both of these concepts aim at lowering the occurrences of Midas touches. The 

previous prototype also included areas without interaction and a simulation of the 

two step selection. The nature of that prototype and the fact that it was evaluated 

primarily by users using mouse made it hard to evaluate these two points earlier. 

4.5.2 Introducing the prototype 
Before the introduction could start, an installation on each of the users ET-device 

had to be made. After the technical issues that arose during the installation was 

solved, a thorough introduction of the math tool was carried out. 

During the introduction the prototype was demonstrated to the team members. 

Some individual adjustments were also made to the tool, to better match each 

users individual math level. Some of the users only did addition with terms form 

1-9 while others add arbitrary large numbers. 
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Secondly a demonstration of the main flow of the tool, that allows the user to 

create own calculations, was performed with the user. Thereafter a quick 

introduction of the exercise mode was given and the user was free to navigate the 

program without further instructions.  

This whole session was documented with a video camera which was set to record 

what happened on the screen. The conversation, at least the verbal part of it, was 

also recorded. This video footage was used for later analysis and to time a 

particular task. The timing of the task was later compared with the solving of a 

similar task at the follow up meeting. 

4.5.3 Logging 
After the first introductory visit the users were instructed to use the math tool 

during the following weeks. The teachers were told to encourage usage of the tool 

at the math lessons as well as in the home environment of the users.  

Since the tool was developed as a part of this project it was easy to implement a 

simple logging functionality. It was designed to log the interactions that were 

received by the interface and write those to a file for later gathering.  

One metric of particular interest was the one that was designed to show the 

occurrence of the Midas touch problem. It was done by giving each action 

performed by the user a timestamp. That timestamp together with what action that 

was carried out could during the analysis confirm or dismiss the occurrence of a 

Midas touch. The metrics that were examined is described in more depth in 

Appendix F. 

When to inform the users 
When performing a study that includes logging of user actions over time one are 

presented to a delicate dilemma. A choice has to be made whether to tell the users 

that their actions are being recorded or to withhold that information until after the 

recording is finished. The reason of doing the later is that you might otherwise 

bias the data being recorded. A user knowing that all his action are being saved 

and later looked on by somebody, might very well alter the behavior. This 

thought was confirmed by one of the personal assistants at C3 who expressed that 

U5 was indeed very thorough in his doings, especially when somebody was 

watching. 

The decision was made to not tell the users about the logging of the activities 

beforehand. This choice was also motivated by the fact that no personal 

information was logged.  

4.5.4 Debriefing 
The final step of this study was to perform a debriefing with both the users as 

well as the team members. This interview based debriefing where the user first 

was asked to perform a task. The task had been chosen before hand and was 

based on analysis of the video footage from the introductory session. 
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After the user had performed the task, also this time recorded on video, the actual 

interview was executed. This interview had as a main purpose to find out about 

the problems that might have arisen during the period of testing, but that could 

not be seen in the logs or in the video footage. For more information regarding 

the interview, see Appendix F. 

4.5.5 Result 
The first introductory meeting was done at each of the three centers and the 

embracing of the tool was overall positive. The sessions where the users 

themselves explored the tool took around 30 minutes per user. This time was 

appropriate for most users, but U3 was not able to complete the session due to 

fatigue. U3's personal assistant expressed that it was probable the presence of us 

researchers that had put an extra stress to the user. The user indeed was very 

excited in the beginning of the session. The introduction was however 

successfully implemented and the user was encouraged to try the program later 

instead, when it could be done undisturbed.  

Large sized buttons and clear colors was something that was appreciated by all 

the users and teams. No general trouble of reading or interacting with the 

interface could be seen during any of the sessions. 

The buttons in the lower part of the screen were problematic for some of the 

users. This was due to a function in the ET- device which allows the user to pause 

the ET by looking just below the screen. A number of unintentional pauses 

occurred during some of the sessions.  

Occurrences of Midas touch was found in the logs gathered. The analysis was 

performed by examining each action. If it was the same as the previous action and 

if the time between the two actions was just above the users dwell time and it was 

considered an unintentional selection i.e. a Midas touch. The big majority of these 

accidental selections were digits and made when no answer field was selected, 

therefore no action was triggered in the tool. This is an effect of the two step 

selection and will be discussed further in the next chapter.  

The non interactive areas were big enough letting the users feeling comfortable 

in not making unintentional selections. This comfort was expressed both when 

the users entered the terms as well as when they where the doing calculations. 

Task timing 
During the introductory visit all the users were instructed to perform a 

calculation; each user at their individual math level. An identical task was then 

done at the debriefing visit. The time spent on performing these tasks were then 

extracted from the video material and is summarized in Table 4. 

 

 

 



 THE STUDY – A FINAL EVALUATION 

 

 

38 

User Time 1 Time 2 (~two weeks later) 

U1 50 seconds 35 seconds 

U2 25 seconds 30 seconds 

U3 1 minute 35 seconds 35 seconds 

U5 2 minutes 40 seconds 1 minute 30 seconds 

Table 4 – Time spent on doing similar mathematical calculations 

                 at two separate occasions. 

A quick glance at the table shows that the times from the second visit are 

considerably lower; except for one user who showed a slight increase. The 

number of participants and measurements are too few to draw any conclusions 

from this display of decreasing times. The lower times can however been 

interpreted as an indication of learning effects. 

Difficulties with method 
During the full extent of this study, all meetings with the users have taken place 

in their school environment. This was a natural way of avoiding the introduction 

of any unnecessary distractions. All of the users did however show big 

excitement when the tool had been installed on their personal communication 

devices. This in itself not being a bad reaction, but since the excitement led to 

some users getting too fatigued to perform the full session, it turned out to have 

some negative implications. 

The frustration raising from some of the accessibility related issues also added to 

the fatigue. Observing the frustration of the users where sometimes a demanding 

task since it was not expressed in a manner we are used to. One of the expressions 

that the frustration took was increased spastic movements of the body and limbs 

and the grinding of teeth. In the beginning, this made the situation awkward but 

in time an acceptance was established. This acceptance is important since an 

intervention, helping the users overcome the problems, introduces a risk of 

usability problems not being discovered (Rubin and Chisnell, 2008 p. 55). 

The amount of usage expected was a couple of sessions, all around 10-15 minutes 

long. This expectation was not met. The actual usage was rather 5-10 minutes in 

total, from reasons mentioned in the previous section. The only quantitative data 

that was gathered during this study was the logs from the individual test period. 

Since those turned out to be so small, no significant conclusions could be made 

based on those. 

When the debriefing took place, both the users and the team members were 

present at the same time. Since many of the questions where of a reflecting nature 

and did not allow a simple yes or no as an answer, it was hard for some of the 

users to answer them. Other team members answered the questions that they had 

knowledge about and some questions were reformulated to simpler forms 

allowing the binary answers needed for accurate communication with some users. 
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4.6 Triangulation 
The various methods chosen to be included in this study has all got different 

characteristics although they are all more or less primarily qualitative methods. 

When speaking of the validity of a qualitative study, one should consider not only 

the actual data collection but also the whole process of the study. As described by 

Patel and Davidson, the qualitative research process is aiming towards creating a 

valid interpretation of the subjects situation; and since each instance of the 

qualitative research process can be considered unique there exists no absolute 

ways to measure  the validity of a study. However there are a couple of ways to 

create a base that allows a study with a higher validity and reliability e.g. 

triangulation.  (Patel and Davidson, 2003p. 102-105)  

The expression triangulation is borrowed from the measuring of the earth, where 

you, given the distance from three known points, can determine your own 

position. The appliance of the term in the research process is metaphoric but the 

meaning is in essence the same. With a combination of e.g. many data sources a 

clearer picture of the matter investigated can be obtained. 

Patton categorizes the method of triangulating by the four different viewpoints, 

which is all said to "Enhance the Quality and Credibility of Qualitative Analysis". 

1. verifying the consistency of findings generated by different data 

collection methods, that is, methods triangulation 

2. examining the consistency of different data sources within the same 

method, that is, triangulation of sources;  

3. using multiple analysts to review findings, that is, analyst 

triangulation;  

4. using multiple perspectives or theories to interpret the data, that is, 

theory/perspective triangulation. 

(Patton, 1999) 

In this study triangulation in methods as well as sources are the most prominent. 

The cooperation with other researchers in this study does not qualify as analyst 

triangulation in any strict sense.  

4.6.1 Methods triangulation 
By using and combining the results from the four methods mentioned earlier – 

contextual inquiry, focus group, thinking aloud and logging – a clear picture of 

the user’s particular situation and needs are rendered. The triangulation in 

methods enables the possibility to find similarities in the result when comparing 

the outcome from each of the methods. The contextual inquiry together with the 

focus group evaluations of the conceptual prototype approaches the problem 

viewpoint of the environment of end users.  

The thinking aloud evaluation of the runnable prototype as well as the final 

evaluation both has a more verifying approach; the latter even more than the 
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former. The perspective of those methods is more focused on the interaction 

between the end user and the computer, via the eye tracking equipment. 

4.6.2 Triangulation of sources 
The triangulation of sources in this study rests on two pillars. Three habilitations 

centers were included in the study to provide a diversity. Indeed they are 

providing more or less the same functionality and aiming for the same goal, 

helping young people with severe motor impairments. But local deviations are to 

be expected, and to be able to draw any general conclusions, the combination of 

data collected at these sources are of great value. 

Also, as explained earlier, the group of persons in this study are of different 

professions, carrying different aspects of the knowledge needed for our task. It is 

also highly probable that the opinions of the different groups may differ in some 

areas. Therefore is it important to find out which opinions that seem generally 

applicable, preferably by performing a triangulation of the data collected from the 

different groups.  
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5 Discussion 

During this study, a number of mathematical aids have been discussed. Not all of 

them could be defined and developed in any greater extent. During the 

development, different methods have been applied, some of them working better 

than others. The following two sections aim at providing an answer to the 

questions that were raised in the section 1.2 Aim of thesis. The experiences from 

this design process are discussed with the theoretical background of UCD. Finally 

some of the more important design issues, together with possible solutions are 

discussed. 

5.1 Team centered design 
When designing software, a successful method to accomplish a high usability is 

to employ a UCD process. A wide array of methods of incorporating users in both 

design and evaluation exist. The core value is putting focus on the user 

throughout the development process. As mentioned before, the context is another 

very important factor that should be taken into account while working with a 

UCD approach. (Preece et al., 2002, Rubin and Chisnell, 2008, Benyon, 2010) 

The  AAC intervention process includes an assessment of what communication 

aid is the most appropriate one and how it shall be used. Beukelman and Mirenda 

(2005) suggests using a team based approach, including persons with different 

professions. This way of working has been observed at all three habilitation 

centers visited during this study. 

This adds an important facet to the design process that includes users with 

disabilities. Generally, when designing software it does not exist a team of 

professionals built around the user. But in the particular case of designing an 

AAC software, it often does. This team possesses much valuable information 

about the user and the special requirements that are related to their individual 

disabilities. The information that can be obtained from the members of the team 

is primarily applicable in designing for the particular user around which the team 

is built. However since the team members often work with more than one person 

with disabilities, they might have input of more general character as well.  

The team can give the designer information that is directly applicable in 

designing for a particular user group. This stands in contrast to of the guidelines 

created by W3C and Section508. These guidelines have a more general approach 

of how to design an accessible system, including persons with a variety of 

different disabilities. This has been proven hard to achieve (Small et al., 2005).  

It is however well worth mentioning that some of the features of the design, i.e. 

the customizable colors and sizes of objects, can be found in guidelines as well. 

The main deviations come from the issues related to ET where this study goes 

beyond mentioned guidelines. 
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5.1.1 Benefit of diversity 
The teams built around the persons with disabilities consist of many different 

professions. The teams in this study included teachers, speech therapists, personal 

assistants, physiotherapists and family working together, creating a rich flora of 

knowledge about the individual. Hornof (2008) describes the situation in the 

following way: "Each team member brings unique skills and perspectives, all 

which are necessary for success" (Hornof, 2008 p. 71). 

If all the members information would be gathered in parallel and put together by 

the researcher, some interesting aspects of the team based approach may be lost. 

During this study, many interesting aspects of the requirements on the software 

where revealed when the different professions came together and discussed the 

design related issues that were presented, for example during the focus group 

session.  

5.1.2 Overcoming the communication barrier 
A typical situation when working with non-verbal persons is that communication 

flows at a much slower pace than it would with verbal persons. Two typical 

situations of communications may occur. One is when the non-verbal person uses 

some AAC-aid, for example an ET-device, and communicates autonomously.  

The other situation is when a personal assistant interprets the non-verbal person’s 

expressions. Those expressions may be carried out with support of some low-tech 

AAC-aid e.g. a Bliss chart or by the personal assistant just interpreting the limited 

sounds, gazes or gestures the persons might use to communicate.  

It is in this other situation a dilemma emerges. In which extent does the personal 

assistants interpretation bias the information that's being gathered? Hornof(2009) 

describe the situation when the user has been asked a question and the personal 

assistant would “[…] rather than waiting for an answer, fill in their own projected 

guesses of what the answers might be.” (Hornof, 2009 p. 2178) 

This dilemma is also discussed by Norman Alm (1994) who does not come up 

with a solution to the problem. It is hard to provide a general way of avoiding this 

issue, but a researcher performing a study with non-verbal persons should take 

this into account when analyzing the data.  

One important step towards a more direct communication with the user, that is 

also suggested by Hornof (2009), is to learn how the non-verbal person expresses 

yes and no. He also suggests learning how the person indicates that he or she is 

done with an activity, in an early stage of the process.  

5.1.3 Contextual inquiry  
By entering the situation, where the persons being designed for acts and performs 

their daily activities, the designer is given an opportunity to close in on the core 

of what the design is going to fulfill. 
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In this study, the contextual inquiry was used to give basic contextual information 

to the researchers, who where both novices in interacting with persons having CP; 

let alone designing a communication tool for these persons.  

Another main goal with this visit was to start building a relationship with the 

adolescents. This is indeed a time consuming activity, but according to Hornof 

(2008) very important in creating a foundation to the collaborative team work. He 

also mentions that working with multiple individuals in parallel has advantages in 

form of higher motivation (Hornof, 2008). 

It cannot be stressed enough that this activity must be allowed to take its time. 

During this study only one day at each center was spent on this activity. This was 

mainly due to the narrow time frame but also because of that the time spent on 

this study also meant that the users missed other school related activities. It is 

however suggested that at least a couple of sessions is done before getting to the 

actual design work. 

5.1.4 Focus groups 
As mentioned earlier, one of the advantages of using the focus group 

methodology is the effect that the participants has on each other; stimulation the 

memories and ability to associate. The diversity of professions makes this 

exchange particularly fruitful when working with a AAC team. It is therefore 

suggested that discussions in the whole group take place at a couple of occasions 

during the design process; with the benefit that additional ideas might emerge. 

The experience from this study is that the user does not necessarily need to be 

present during these focus groups. Their presence had the effect unwanted effect 

that the conversation did not flow as naturally as it could have. 

5.1.5 Verifying tests 
There are strong indications that involving the users from start, all the way 

through the design process has been beneficial to this study. This also applies to 

the final test that had a more verifying character. It was the first time during this 

study that all the users where able to interact with the prototype autonomously. 

This was possible since the evaluation was performed in Communicator; a 

platform that all users are able to use.  

Since the test sessions were video recorded the analysis could be made afterwards 

and quantitative data could be extracted. The data extracted in this study was the 

time spent on a certain task. These times was compared between the two last 

visits and was aiming at discovering any learning effects. This is important since 

it is considered being one of the characteristics of a system with high usability.  

The logging during the test period also contributed with an amount of quantitative 

data. Although the amount of data was less than first anticipated it shows that the 

method works well, even with persons suffering from disabilities. Since the data 

is collected in the background, the issues related to communicating through a 

personal assistant are avoided.  
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Frustration 
Preece et. al (2002) introduces frustration as an indicator of usability problems. 

When observing users performing tasks attention should be paid to when 

frustration occurs since “the participant´s behavior at this point can be more 

revealing than at any other time.”(Rubin and Chisnell, 2008 p. 55) Frustration 

was often displayed in the users body language leading to increased spastic 

movements. After some exercise the initial awkwardness induced by this can be 

eliminated, and the sign of frustration can become a tool to identify usability 

problems. 

5.1.6 Testing with non-impaired people 
Norman Alm mentions that "It is often said by practitioners that using non-

disabled people to evaluate new AAC system ideas is a waste of time" (Alm, 

1994 p. 99) The argument is based on the idea that just because a non-impaired 

person can use a system without any problems, it does not automatically mean 

that a person with some kind of disabilities can. 

Yet one fact withstands. If a non-impaired user evaluating a system is having a 

hard executing some tasks, due to for example usability problems. Then the same 

problems will almost certainly occur for a person with a disability. The big 

winning is that valuable time can be tested since the testing with non-impaired 

people is far more time efficient then testing with the actual users. (Alm, 1994, 

Hornof, 2008, Hornof, 2009)  

In this study all pilot tests were performed by non-impaired persons. The study 

benefitted from this since many adjustments could be made both to the method of 

the test but also to the object that was being tested i.e. the concept or the 

prototype. It would however have been beneficial to go through with a few pilot 

tests with the impaired users as well, since a couple of issues occur  due to 

interview questions not being tested on non verbal persons. For example the last 

interview, in the debriefing part of the study, should at least partly have included 

a number of yes/no-questions. 

The testing with non-impaired people is therefore strongly encouraged, albeit it 

must not decrease the testing with the actual users, in any greater extent. 
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5.2 Design choices 
First of all, one cannot overstress the fact that, when designing for persons with 

CP, there is no "best way" of doing so. A feature that suits one user perfectly may 

very well make the software unusable to another. This lies in the nature of the 

fact that persons with CP is considered multi-handicapped, with CVI as one 

example of a related impairment. 

The most general implications that this has on the design of software is that as 

much of the interface should be customizable so that each user may modify it to 

their satisfaction. However, a few general ideas of how to construct an interface 

that is going to be maneuvered by persons with CP using an ET as their input 

method will be discussed; though without making any claims on them being a set 

of guidelines, working in every situation. 

5.2.1 Handling the Midas touch 
The problem of Midas touch is described by Jacob (1991) as one of the most 

significant when designing an interface for ET. He further states that the interface 

ideally should "act on the user´s eye input when he wants it to and let him just 

look around when that's what he wants[...]" (Jacob, 1991 p. 156) This is 

unfortunately not possible, at least with today's technology, since it would imply 

the system having mind reading abilities. Instead Jacob (1991) suggests usage of 

different interaction techniques, that address the problem in the specific cases.  

Two step selection 
During this study, the logging showed that Midas touches were occurring at a 

regular basis. However these Midas touches were only of "technical nature"; 

meaning that the system receives the users unintentional selection but discards it. 

This was done by the two step selection process that the users goes through when 

entering a digit into the math tool. To recapitulate, the user first has to select an 

answer field and thereafter select the digit that is to be inserted. This has got the 

effect, that if the user for continues to look at the digit for another time, greater 

than the dwell time, no selection occurs since no new answer field has been 

selected. 

This approach has the effect the number of unintentional selections are 

minimized. Alas, it also introduces the extra step of first selecting a field, which 

in turn increases the time that it takes to execute the task. However, as the 

thoroughgoing theme is the ability to make individual adjustments, the users 

feeling comfortable without the two step selection can choose to disable it. Then 

the next answer field is selected when a digit is entered allowing the user to 

simply select another digit.  

Areas without interaction 
Another way of reducing the occurrences of Midas touch is to provide areas 

where no interaction is triggered. This was done in the wire frame prototype (see 

Figure 6) as well as in the final prototype. A picture showing the interface when 

terms are being entered can be seen in Figure 7. The striped areas contain 

interactive elements whilst the rest of the screen allows the users to just read.
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Figure 7 – Screenshot from final prototype showing where  

    non interactive areas has been marked. 

Relation to guidelines 
None of the guidelines presented – WCAG and Section 508 – does specify any 

particular solutions to problems related to ET as input method. (W3C, 2008, 

Section508, 2010) In WCAG guideline 2.1 it is suggested that all interfaces 

should allow interaction with keyboard only. The design choices that led to the 

solutions mentioned above goes beyond these guidelines. 

5.2.2 Colors, sizes and placements 
Colors, sizes and placements of objects in the interface necessarily need to be 

customizable to suit every user. Many users only need a high contrast ratio 

between the text and the object, as well as between the object and the 

background. However depending on the nature of each user’s disabilities, e.g. 

CVI, some combinations of colors may be problematic even though colors with 

high contrast are chosen. 

The following points are a recapitulation of a couple of problems related to CVI 

that was highlighted by Dutton et al. (2006): 

 Difficulty extracting information from a complex background 

 Not recognizing people and objects 

 Difficulty reading 

 Disorders of focusing 

 Eye movement disorders 

(Dutton et al., 2006) 

By letting the user customize as much as possible these negative effects of CVI 

can be reduced. The problems introduced by using ET as input method, such as 

drifting and other calibration related issues, can also be decreased by for example 

creating buttons that are large enough to permit some inaccuracy.  
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Relation to guidelines 
The main issues considered in the WCAG guideline 1.4 are the coloration, 

contrasts and sizes of objects in an interface. This design conforms well to these 

guidelines. Regarding the resizing of text, the design also goes further, since all 

objects, including buttons and images are resizable to the user’s satisfaction. 

5.2.3 Avoid unnecessary view changes 
Another issue that was paid attention to during this study was the flow through 

the interface; more precisely how it would be constructed to avoid any 

unnecessary view changes. One example of what an unnecessary view change 

can look like is the transition to calculation mode, which can viewed in frame 5 

and frame 6 in Appendix D. The common understanding among the members of 

the teams included in this study was that this behavior in software would 

negatively affect the user's ability to use it. This can be related to the fact that 

persons with CVI have a higher risk of getting lost due to their decreased visual 

field. (Dutton et al., 2006, Jacko et al., 1999) 

A comparison can be made with the same transition in the final prototype, that 

can be viewed in Appendix E moving from frame 2 to frame 3. The digits that the 

user had entered appear in the exact same positions, only the framing is changed. 

Most of the other buttons are also held in the same position which helps the user 

to keep a good overview of the interface. 

This approach can also be understood and supported with the cognitive 

determinants discussed by Small et al. (2005). More exactly does this transition 

help the determinant called situational awareness that defined by Small is "a 

user’s momentary knowledge of their surroundings". (Small et al., 2005 p. 1795) 
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6 Recommendations 

The results of this study can be formulated as a number of recommendations. 

These recommendations can be partitioned into three groups, all addressing 

different stakeholders and activities. 

6.1 Interface design for ET & persons with CP 
There are many aspects to consider when design an interface that are going to be 

used with an ET-device and by users suffering from CP. The major points 

observed in this study are listed below. 

 Since CP is a condition which can take many different expressions, the 

main aim to have in mind while designing for that user group is to 

facilitate easy individual customizations.  

 The problems related to Midas touch can successfully be reduced by: 

1. designing the interface with large areas in which no interactions 

occur, where the user can rest the eyes. 

2. implementing the two step selection method described in this 

study. 

 Minimize the view changes in the interface since they have the effect that 

users affected by CVI is getting lost 

 

6.2 Including persons with disabilities in a 

design process 
When implementing a design process that has persons with disabilities as the 

primary target group the following guidelines are suggested: 

 Make sure to utilize the combined knowledge of the persons included in 

the team. When implementing the UCD make sure to emphasize the input 

from the members of the team. 

 Invest enough time getting to know the users before starting the design 

process. Enough time can be hard to define, since it is highly dependent 

the severity of the user’s disabilities; but at least a couple of sessions is 

needed. 

 Including non-impaired persons in early stages may save a considerable 

amount of time. Time that can be spent on more interaction with the users 

in later stages. 
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6.3 Further activities 

Development 
One of the characteristics of a system with high usability is  “a high utility in that 

it does the things that people want to get done” (Benyon, 2010 p. 84) Some 

functions that surfaced during the development process were not developed; this 

is primarily due to the time constraints of this study. A brief summary of 

requested functions are: 

 The ability to save calculations between sessions and export them to 

some document format for printing. 

 Expanding the mathematical scope by introducing multiplication and 

division. 

 Creating an interface where teachers can define a set of tasks for the 

student to solve. 

 Continue the process of designing the geometrical concept. 

Research 
During this study, many interesting areas of research have been touched. Many 

questions that could not be elaborated in this study were formed, and will be 

presented as possible starting points for further research. 

 To which extend does the two step selection lower the occurrences of 

Midas touches and what are the effects on task performance? 

 How shall the researcher handle the situation with the indirect 

communication occurring with non-verbal persons? To what degree does 

the biasing of information harm the study? 
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Appendix A 

Consent form for children participation 
 

Medgivandeformulär 

Bakgrund 

Vi – Pär Dahlman och Oskar Wyke – utvecklar inom ramen för vårt examensarbete på 

KTH ett program till Tobiis kommunikationshjälpmedel. Syftet med programmet är att 

tillgodose vissa av de behov av interaktion som uppstår i samband med matematikstudier. 

En målsättning med projektet är att låta personer som använder Tobiis 

kommunikationshjälpmedel testa programmet för att se hur det fungerar. Denna 

användbarhetsstudie kommer att ligga till grund för rekommendationer om hur vidare 

utveckling av matematikhjälpmedlet bör fortskrida. 

 

Medgivande 

Jag ger mitt medgivande att låta Pär Dahlman och Oskar Wyke genomföra 

användbarhetsstudien tillsammans med mitt barn och personal på skolan. 

Jag är också medveten om att den information som insamlas i samband med 

användbarhetsstudien kommer att anonymiseras. Eventuella foton och inspelningar från 

användbarhetsstudien kommer att enbart att ligga till grund för analys och raderas efter sex 

månader, om inte annan överenskommelse nås. 

 

 

Barnets namn (texta):  ____________________________________ 

 

Förälderns namn (texta):  ____________________________________ 

 

Förälderns signatur: ____________________________________ 

 

Datum  ____________________________________ 
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Consent form for adult participation 
 

Medgivandeformulär 

Bakgrund 

Vi – Pär Dahlman och Oskar Wyke – utvecklar inom ramen för vårt examensarbete på 

KTH ett program till Tobiis kommunikationshjälpmedel. Syftet med programmet är att 

tillgodose vissa av de behov av interaktion som uppstår i samband med matematikstudier. 

En målsättning med projektet är att låta personer som använder Tobiis 

kommunikationshjälpmedel testa programmet för att se hur det fungerar. Denna 

användbarhetsstudie kommer att ligga till grund för rekommendationer om hur vidare 

utveckling av matematikhjälpmedlet bör fortskrida. 

 

Medgivande 

Jag ger mitt medgivande att låta Pär Dahlman och Oskar Wyke använda data och 

synpunkter, som uppkommer under användarstudien, i utvecklingen av 

kommunikationshjälpmedlet.  

Jag är också medveten om att den information som insamlas i samband med 

användbarhetsstudien kommer att anonymiseras. Eventuella foton och inspelningar från 

användbarhetsstudien kommer att enbart att ligga till grund för analys och raderas efter sex 

månader, om inte annan överenskommelse nås. 

 

 

Namn (texta):   ____________________________________ 

 

Signatur:  ____________________________________ 

 

Datum  ____________________________________ 
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Appendix B 

Agenda for first visit 
 Skapa intresse att medverka – berätta 

 Lyhört lyssnande 

o Hur ser typisk lektion ut? 

o Kommunikation med AAC-elever kontra andra elever? 

o Kognitiva nivåer 

o Logopedens relation till eleverna 

 Boka tid för en observation. Vara med i klassen 

 Kolla in föräldrars godkännande, anonymt eller med namn/foto? 

 Boka tid för nästa iteration. 
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Appendix C 

Geometrical concept  
HUVUDIDÉ 

Den grundläggande idén med detta verktyg är att eleven skall ge möjlighet att bekanta sig med de 

geometriska formerna. Utöver just själva formerna så är även färg och storlek parametrar som 

kommer att finns med. Ett sista viktigt koncept som kommer att behandlas är position.  

Upplägget är att eleven möts av yta, innehållande ett antal geometriska figurer av varierande typ, färg 

form och inbördes placering. Till denna samling figurer ges också en uppgift. En typisk uppgift kan 

t.ex. vara ”Välj den största triangeln.” som då fungerar som en uppmaning till eleven att välja ut den 

kvadrat, bland ett antal andra geometriska figurer, som har störst yta.  

 

Exempel på geometriska figurer som visas för eleven 

MÅLSÄTTNING 

Under arbetet med verktyget är tanken att eleven skall få ökad kännedom och känsla för följande 

begrepp och koncept: 

 Olika geometriska figurer 

o Cirkel 

o Kvadrat 

o Triangel 

o Rektangel 

 

 Positionering och inbördes ordning 

o Översta 

o Understa 

o Högra(?) 

o Vänstra(?) 

 Olika storlekar 

o Största 

o Minsta 

o Näst största 

o Näst minsta 

 

 Olika färger 

o Röd 

o Grön 

o Svart 

o Osv. 

 

Då olika individer ligger på olika nivå gällande förståelsen av ovan nämnda koncept så 

kommer fullständig anpassningsbarhet vara en del av upplägget. Är det t.ex. så att en individ 

endast har kunskap om kvadrater och cirklar kan endast dessa former väljas ut. Detsamma 

gäller för de olika positionsbestämningarna. 
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Columnar calculation 
 

Målsättning 

Programmet ska underlätta för eleven att: 

 Utföra/kommunicera addition, (subtraktion, division och multiplikation) 

 Öva på addition, subtraktion, (division och multiplikation) 

Huvudidé 

Alt 1. 

Eleven väljer själv täljare, nämnare och räknesätt. Eleven kan sedan utföra uträkningen på 

sammas sätt som vanligtvis görs med penna och papper, det vill säga räkna ”från höger till 

vänster” och använda sig av minnessiffra.  

 

Det finns en knapp som aktiverar röstsyntesen att läsa upp det uträknande svaret. På så sätt 

underlättar programmet inte bara själva räknemomentet, utan även kommunikationen i 

klassrummet. 

Alt 2. 

Programmet genererar täljare och nämnare utifrån förutbestämd svårighetsgrad. Eleven får sedan 

räkna ut rätt svar. När uträkningen är klar kan eleven trycka på en knapp som utvärderar 

uträkningen och ger feedback. 

Tillägg 

Visualisering 

Konkretisera talen genom att också representera den till fysiska objekt (äpplen, katter, …)  

”Förvalda fält” 

För elever som är nya till den här typen av uträkningar så kan ”förvalda fält” aktiveras, vilket gör 

att det första fältet är aktiverat för att fylla i en siffra i (i exemplet 3), när siffran är ifylld markers 

fältet med minnessiffra (om applicerbart) och så vidare. 

För elever med större vana kan denna funktion avaktiveras, så att eleven får markera positionen 

själv.
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Appendix D 

Thinking aloud test plan 
Syfte och Mål 

I tidigare iterationer har en konceptuell modell av matematikhjälpmedlet konstruerats. 

Innan ett körbör high-fi prototyp utvecklas, bekräftas dess giltighet i avseende på bland 

annat flöden, knappstorlekar och positionering. 

Forskningsfrågor 

 Är den tilltänka knappstorleken tillräckligt stor? 

 Är knappsatsen för sifferinmatning bra utformad? 

 Hur uppfattas återkopplingen vid inmatning för övre respektive nedre termen? 

 Förstår användaren vad den ska göra i samtliga vyer? 

 Är ikonerna lättförstådda? 

 Skulle text också/istället vara bättre? 

Efter genomförd studie kommer det finnas kvalitativ data: 

Ljudupptagning och anteckningar från diskussion med matematiklärare 

Rekrytering och målgrupp 

Rekryteringsprocessen är genomförd i ett tidigare skede. 

Målgrupp 

Egenskaper för primär målgrupp: 

 Ålder 12-15 år 

 CP-skada 

 Använder Tobii som kommunikationshjälpmedel 

Egenskaper sekundär målgrupp: 

På något sätt knuten till person med CP-skada: assistent, lärare, logoped, familjemedlem 

Metod 

För primär målgrupp: 

Demonstrera systemet och vara lyhörd till kommentarer från användaren. 

För sekundär målgrupp: 

”Think aloud”-metoden används. Ge användaren uppgiften: ”Du vill addera 21 och 9”.  

Efter genomgången ställs följdfrågor på observerade fenomen. 

 Tror du att det här programmet skulle vara användbart för… ? 

 Hur upplevde du flödet? 
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Pidoco prototype 
 

 

Prototype frame 1 – The first screen where the user decides whether to create a custom 

calculation or to enter practice mode(where random exercises is generated). 

 

 

Prototype frame 2 – The user selects which mathematical operator that shall be used in 

the calculation. 
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Prototype frame 3 – The green colored box indicates that it is the first term of the 

calculation that is about to be entered with the numeric keyboard. 

 

 

Prototype frame 4 – When the first term has been entered, the user must press the 

green arrow to proceed. 



 APPENDICES –APPENDIX D– PIDOCO PROTOTYPE 

 

 

62 

 

 

Prototype frame 5 – The second term has been entered. To proceed to calculating 

mode the user has to press the green arrow. 

 

 

Prototype frame 6 – The calculation mode where the user first selects a field in the 

answer (lower yellow boxes) or a field in the carry digits (smaller yellow box) and 

thereafter selects a digit on the numeric keyboard that is then inserted. 
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Prototype frame 7 – The field for the carry digit has been selected which is indicated 

by the orange color. 

 

 

Prototype frame 8 – After entering an answer the user presses the green check box to 

evaluate the answer and see whether it is correct or not. The fields are colored green if 

correct. 
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Prototype frame 9 – The user may open the menu at any time by pressing the button 

with a cog. A menu folds out from the right and covers the numeric keyboard.  
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Prototype frame 10 – When entering practice mode a certain difficulty is first selected 

by the user, for example allowing only number from zero to ten.  

 

 

Prototype frame 11 – When calculations are made with small numbers, the user may 

choose to display a visualization of the numbers.  
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Appendix E 

Final prototype 

 

Final prototype – Frame 1 – The first term has just been entered. The green 

background indicates that the upper field is active. 

 

Final prototype – Frame 2 – The downward arrow has been clicked and the second 

term has been entered. When the downward arrow is clicked once more, the program 

switches to calculation mode. 
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Final prototype – Frame 3 – Calculation mode is displayed. One answer field has been 

selected for input. 

 

 

Final prototype – Frame 4 – Digits have been entered into some of the fields and the 

correction function has been activated. The field with red background has an error and 

the green ones are correct. 
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Final prototype – Frame 5 – The incorrect digit in Frame 4 has been corrected and a 

yellow feedback screen is displayed to the right, covering the digits. An optional sound 

of an applause is also played. 

 

Final prototype – Frame 6 – The menu button with a compass has been activated. The 

menu appears to the right, covering the digits. 
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Appendix F 

Metrics for logging 

Suddar per siffertryckning 

Syfte: 

   

 

Att se hur felfrekvensen förändras över tiden 

Genomförande: Logga varje siffertryck som genererar inmatning liksom alla 

klickningar på suddknappen som genererar att siffra suddas ut. 

Efter utvärderingsperiodens slut ställs ration upp för varje tillfälle. 

 

Hypotes:   

 

Midas touch 

Syfte: Att mäta antalet oavsiktliga val 

Genomförande: Baseras på loggning av alla siffertryckningar och analyseras sedan 

i Excel med formal liknande: =IF(AND(A2-

A1<2000;D2=D1);"MIDAS";"NO MIDAS") 

 

Hypotes: Det kommer att kunna ske en del dubbelval. Om detta är fallet, 

styrks beläggen för det designval vi gjort 

Felkällor: I det fall då autoselect inte är valt kan det hända att användaren 

väljer att dwella på sifferpanelen och därmed trigga dubbelval, då 

denne vet att detta inte påverkar gränssnittet. 

 

Uppläsningsknappen 

Syfte: Att undersöka hur ofta uppläsningsfunktionen används 

Genomförande: Logga varje tryckning på uppläsningsknappen 

Hypotes: Den kommer användas frekvent 

 

Är knapparna för små? 

Syfte: Att undersöka om Carry/Answer sitter för nära / är för små. 
Genomförande: Logga varje fall som en Answer/Carry till höger om en tom  

Answer/Carry blir vald, varpå den tomma rutan blir vald och en 

siffra sedan mats in. 
Hypotes: Knapparna är tillräckligt stora för merparten av användare 

 
 

Lärbarhet 

Syfte: Att undersöka felfrekvensen  och tidsåtgång vid enklare test 

Genomförande: Ge slutanvändaren två tal och observera genomförandet 

Hypotes: Under det andra tillfället kommer användaren känna till 

gränssnittet bättre och låta tidsåtgången minskar. 
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Debriefing guideline 
 

 

 Hur många gånger/mycket tid har MathPlugin använts? 

o Hemma/ i skolan? 

 Är det något speciellt som fungerat dåligt med programmet? 

o Svårt att välja? 

o Svårt att läsa? 

o Svårt att förstå? 

 Om du skulle få förändra en sak, vad skulle det vara? 

 I vilka situationer har uppläsningsknappen använts? 

 Hur skulle feedbackrutan se ut om du fick bestämma själv? 

o Ljud 

o Bild 

 Hur har du löst liknande problem tidigare? 

o Vad är bra med det sättet att lösa uppgiften? 

o På vilket vis hjälper det nya programmet dig att göra det? 

 Räkna talet : 

           9356 + 876 + 75 

 

 

 


