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Abstract
Context: Advancement in mobile technology is truth of this Century. Mobile
phone is used mainly for calling and Short Message Service, but Smartphone
are advanced form of mobile phone which have multiple features.
Smartphone can have Global Positioning System, Wi-Fi, Bluetooth and Near
Field Communication like features. These Smartphone devices are designed
considering general public and can be difficult to use by people with limited
cognition. But proper use of Smartphone features while developing
applications to support people with cognitive disabilities is vital. The
interfaces and structure of information can have impact on the success of
application. Although, some special systems exist to support these people but
they create a distinction among functional and non-functional population.
Smartphone with Near Field Communication (NFC) technology feature was
considered in this research work as a cognitive support for independence in
their daily life activities.
Objectives: The objectives were the Identification of issues to be considered
while providing cognitive support through technology for cognitive disabled
persons. And if technology used to support them is Smartphone then to
investigate the appropriate structure of information to be displayed on screen
to make them able to perform their activities by following instruction
provided by application. To know how NFC Smartphone feature can be
helpful to start an application designed to provide cognitive support i.e.
providing them information of weather and suggesting appropriate clothes to
wear.
Methods: The systematic literature review was conducted to find the issues
which should be considered while supporting cognitive disabled. The survey
was used to identify the needs, abilities and disabilities of cognitive disabled
persons. Interviews with higher administration involved in support facilities
to the cognitive disabled were conducted to get in-depth knowledge from
their experience which can be helpful for developing the application. The
Participatory design workshop was conducted by involving stakeholders.
Appropriate structure of information for weather and clothes scenario was
decided. The NFC enabled Smartphone application was implemented and
tested in real environment. For validation focus group interviews were
conducted.
Conclusions: The NFC enabled Smartphone application to assist in deciding
clothes to be worn according to outside weather condition was evaluated in
real environment. The results of user testing and focus group interviews
indicate that Smartphone application through NFC feature can support people
with cognitive disabilities. Furthermore, for validation purpose ethnographic
methods can be used for validation of proposed NFC enabled Smartphone
application.

Keywords: cognitive disabled people, cognitive support, Smartphone,
NFC, cognitive disabilities.
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Chapter.1: INTRODUCTION
This chapter describes the Background of our research work, Problem Definition, Aims and Objective.
Furthermore, Research Questions and Thesis Structure have been described.
1.1 Background
Human Computer Interaction (HCI) is a multidisciplinary area in the field of computer science. It
involves designing, implementation and evaluation of interactive systems that are used by humans in
different circumstances to accomplish their tasks. The HCI goal is to produce well function, effective and
efficient computer systems in order to meet user requirements [1]. The research concepts from cognitive
science and psychology make us able to understand the user’s cognitive and problem solving skills [2].
Designing good computing systems for persons with cognitive disabilities is a challenge included in the
HCI community. Understanding disabilities of cognitive disabled people are variable and complex, and
how to compensate their effects are of importance [3]. Mostly the technologies are designed considering
the non-disabled people and use of these technologies may be complex for cognitive disabled people [4].
According to [5],[6] there are more than 400 million people with cognitive disabilities throughout the
world. But cognitive disability is considered as hidden disability, which can be defined as “A cognitive
disability represents a substantial limitation in mental tasks (such as planning, information processing,
and understanding of social cues) that reduces a person’s ability to perform desired activities” [4].
Cognitive disabilities are of different types and can be categorized as memory, perception, problem
solving and conceptualization. These categories can be described in detail as follows: like memory
problems may have difficulties in accessing the information from short term, long term and remote
memory storage. It includes problems like difficulty in recognizing and retrieving information.
Perception problem may have difficulties in perceiving information, reacting accordingly and recognizing
sensory information in appropriate manners. Problem solving difficulties include problem in recognizing,
identifying, choosing appropriate solution and evaluating the outcome. Conceptual difficulties can have
problems in performing tasks in sequence, generalizing already learned information [23]. Cognitive
disabled people may face problems in activities of daily life i.e. cooking, scheduling, traveling, way
finding and dressing according to the outside weather conditions.
The cognitive disabled persons can function better with assistive technology [7] but limited research has
been done in this area [8]. These disabilities can lead to barriers while performing daily life activities, but
on the other hand technology can be helpful to reduce or remove these barriers [4] and emerging
technologies can help cognitive disabled people for example in planning, execution, attention , memory
[6],[4] and decision making. According to [9] Personal Digital Assistant (PDA) was used with Bluetooth
technology for indoor way finding and in [10] PDA was used with passive Radio Frequency Identification
(RFID) technology for indoor and outdoor way finding. In this way assistive technology was used to
provide independence to cognitive disabled persons in their mobility. Designing of technology is difficult
and approximately 30% assistive technology devices are purchased but never adopted [11]. There are
many portable electronic devices that can be used as memory aids, i.e. pagers, voice organizers and PDAs
with special designed software are proved beneficial for cognitive disabled persons [12],[13].
In today society, the Smartphone can open up for new possibilities. According to [14] Smartphone can be
used by cognitive disabled people without changing the internal hardware or software simply interface
should be according to the level of users. Smartphone applications developed for disabled persons can
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improve the mobility [15] but it is difficult to access benefits of Smartphone technology for disabled
persons because technology is designed considering the non-disabled persons [14].
Among all, the Smartphone can be an option in order to provide aid to cognitive disabled people, because
it can provide advanced communication technologies such as internet, Global Positioning System(GPS)
[16]. Now-a-days most of the Smartphone’s have Bluetooth, RFID tag reader and some of the mobile
phone contains Near Field Communication (NFC) capabilities. The NFC technology can revolutionize
mobile applications due to its simplicity over other wireless communication technologies. It can initialize
an application automatically by “Touch (NFC reader or NFC device) and Go” philosophy providing new
dimension of usability to the user [17]. There may be another positive aspects while using same
Smartphone as other people use, they will feel and can act more as non-disabled people [14].
1.2 Problem Definition
In daily life people face problems e.g. one can forget wallet or keys at home. But the situation becomes
complex if the person is cognitive disabled. People with cognitive disabilities have to struggle in their life
with everyday issues and some of the future scenarios can be like traveling, eating nutritious foods and
selection of appropriate clothes when going for work [18], school or other activities. All these issues of
cognitive disabled can be supported through technology.
To keep the body temperature normal is an important factor for any person. It can be difficult for
cognitive disabled to manage their life according to the environment. People with disabilities required
some help from the outside environment to balance their deficiencies. For instance cognitive disabled
students get help from parents, teachers and caregivers regarding the appropriate dressing. In this way
generally a situation can be solved by identification of problem, resource allocation and in time use of
allocated resources. For cognitive disabled the selection of suitable clothes is of importance and they have
to perform these tasks while leaving their home. Inappropriate selection of clothes can create problem
throughout the day for them. The situation can be uncomfortable in the whole day due to cold or heat.
These people can be facilitated through technological support. This was an EU VET 4D project running
in a Ronneby Municipality in South of Sweden and was regarding the appropriate selection of clothes for
cognitive disabled people.
It requires identification of needs and workflow of cognitive disabled persons. The workflow [19] is
defined as the invocation order of activities, conditions under which activities to be invoked,
synchronization of activities and information flow. The needs and expectations of stakeholders (i.e.
cognitive disabled people, care-givers and families) are translated and implemented according to their
requirements. The issue of getting properly dressed is a part of being independent, since it is a basic need
with potential negative effects if not taken into account. The purpose is to present and validate ‘proof of
concept’ usable NFC enabled Smartphone prototype to support cognitive disabled persons while wearing
clothes according to the outside weather conditions. The proposed prototype is a novel idea to support
cognitive disabled persons by using NFC enabled Smartphone.
1.3 Aims and Objectives
The aim of our thesis is an attempt to improve the quality of life of cognitive disabled persons by
fulfilling the following objectives.


Identification of issues to be considered while supporting cognitive disabled persons through
technology to perform their daily life activities. For example in cooking, shopping, traveling
and wearing clothes according to outside weather conditions etc.
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Investigating the appropriate structure of information to be displayed on Smartphone screen
for cognitive disabled persons and how workflow should be translated.



To find appropriateness of NFC enabled Smartphone as a cognitive support for people with
cognitive disabilities.

1.4 Research Questions
Research questions are the statements which depict the reasons to conduct the research [20]. This study
contains three research questions.
RQ#1: What are the issues to take into concern when supporting the workflow of a person with cognitive
disabilities?
RQ#2: How can information be structured and displayed in order to support persons with cognitive
disabilities while performing their everyday tasks?
RQ#3: How can NFC be used and implemented for persons with cognitive disabilities in the task of
deciding what clothes to wear when going outside?
1.5 Expected Outcomes


List of issues to be considered according to their workflow while supporting cognitive
disabled persons through technology.



Structure of information to be displayed on Smartphone screen to support the workflow of
cognitive disabled in planning, decision making and execution.



Implementation of NFC enabled Smartphone application to assist cognitive disabled in
deciding which clothes to wear while going outside.

1.6 Structure of Thesis
This section contains the structure of thesis report, arrangement of thesis chapters and their brief
overview.
Chapter 1 – Introduction
This chapter contains background and related work, problem definition, aim & objectives of the study,
research questions and expected outcome are discussed.
Chapter 2 – Theoretical Work
This chapter provides relation among HCI and cognitive disabilities and how assistive technology can be
an option to support disabilities. This chapter also describes approximately all of the important features of
a Smartphone, which includes features like Bluetooth, RFID, QR Codes and NFC technology. Google
Android provides opportunities to develop applications for Android based Smartphone applications.
Chapter 3 – Research Methodology
This chapter provides overview of research methodology used during this research work.
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Chapter 4 – Systematic Literature Review
In this chapter, issues taken into concern while supporting cognitive disabled were identified through
Systematic Literature Review.
Chapter 5 – Survey and Interviews
In this chapter, the Survey and interviews were used as user study methods to know about their abilities,
disabilities and needs. These study methods are discussed in detail.
Chapter 6 – Participatory Design Workshop
This chapter describes the participatory design workshop which was used to structure the information to
be displayed on the screen of Smartphone.
Chapter 7 – Prototype Implementation and Empirical Evaluation
This chapter explains working of prototype and user evaluation in real environment and validation
through Focus Group Interview.
Chapter 8 – Epilogue
This chapter contains conclusion and discussion, answer to the research questions and also discuss future
work of our study.
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Chapter.2: THEORATICAL WORK
This chapter provides relation among HCI and cognitive disabilities and how assistive technology can be
an option to support disabilities. This chapter also, describes features of Smartphone and properties of
these features and explains Google Android platform to develop Android based applications for
Smartphone.
2.1 HCI And Cognitive Disabilities
In the research community HCI is defined as "a discipline concerned with the design, evaluation and
implementation of interactive computing systems for human use and with the study of major phenomena
surrounding them” [21]. Humans are able to interact with devices through interfaces which can consist of
different hardware and software. The purpose of HCI is to provide user friendly environment and to make
the system usable. But if intended users of the system are cognitive disabled, it can make the situation
complex because these type of disabilities are variable and complex [3]. Cognitive disabilities are hidden
and normally can’t be judged by seeing the person. There is a need to develop technologies to support
cognitive disabled people and it can be achieved through modifying the existing technologies according
to their requirement.
2.2 Assistive Technologies
Assistive technology (AT) can be used to improve the quality of life of disabled people and can be
defined as “Any item, piece of equipment, or product system, whether acquired commercially, modified or
customized, that is used to increase, maintain, or improve functional capabilities of individuals with
disabilities” [5]. AT is beneficial for disabled people in order to do those tasks which could not be
performed without technology [4]. Assistive Technology for Cognition (ATC) transfers responsibility to
electronic device for guidance, support or critical tasks to be performed and person is unable to perform
these tasks without any support from family members or caregivers in normal situation [22]. AT describe
solutions or devices which can be used to support activities and their performance by disabled people.
Smartphone can be an option to support the disabled people. Google Android provides an open source
platform for the development of novel mobile applications which can lead us toward Smartphone as an
assistive device to support cognitive disabled people. Smartphone applications have limited market size to
support the disabled people and rarely industry provides assisting applications for Smartphone. Due to the
availability of open source Google Android platform novel application for Smartphone can be developed
to support the cognitive disabled people. Assistive technologies can enable a person to perform daily life
activities by providing sense of competence. By considering weaknesses and strengths of disabled person,
assistive technologies can reduce psychological stress, provides self confidence and self-esteem [23].
While developing mainstream technologies people with disabilities are neglected. In this situation novel
technologies or changes in the existing technology are made to overcome the gap. The Purpose of AT
device is to assist disabled people and it helps to make things easier or make them able to perform those
tasks independently. People with disabilities have different abilities and technological devices must match
with needs of disabled in order to increase their abilities [24].
2.3 Assistance and Smartphone
Individuals with cognitive disabilities can use different technologies for assistance to perform their daily
life activities. These assistive technologies contain a variety of devices ranging from generalized to
specialize. There are specialized technologies to assist cognitive disabled in their life. These include
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special software and hardware to support cognitive disabled people. Among specialized systems are
PEAT [25], Picture Planner, The Jogger, and Picture Scheduler [26] etc. But these specific devices can
differentiate population with disabilities from population without disabilities.
Among generalized devices PDAs and mobile phone can be used to assist people with cognitive
disabilities. By using built-in functions cognitive disabled can get help in the form of reminders, contact
information, job lists and messages. The advancement of technology in the form of cellphone is known as
Smartphone. These devices have different advance features which can be used positively to support
cognitive disabled people. A Smartphone can be used for calling and messaging, but it contains more than
that. A Smartphone can have Bluetooth, NFC, Wi-Fi and capability to connect with GPS. Some specific
applications for Smartphone are being developed but industry doesn’t specifically focus on cognitive
disabled people. There are opportunities to use features of Smartphone to help cognitive disabled people.
It can reduce distinction among individuals with cognitive disabilities and non- disabled people. While
they will use Smartphone they can think they don´t reveal themselves as being a person with cognitive
disabilities. These features of Smartphone can be explored in order to see the positive side of technology.
The NFC technology can be used to launch any application just touching the NFC tag associated with that
specific application. The cognitive disabled can face problems while operating complex devices due to
complex navigation. The purpose of this research is to know the possibility of NFC enabled Smartphone
to support cognitive disabled people while selecting appropriate dress according to the weather condition.
All other features and use of Smartphone supported technologies are discussed below.
2.3.1 Bluetooth
The name Bluetooth came from Scandinavian King who united Norway, Sweden and Denmark in late
900s [27]. It is a wireless communication system with purpose to replace the cabling among the electronic
devices. To develop standards of Bluetooth a Special Interest Group (SIG) is a collection of different
companies. This SIG is non-profit organization and responsible of developing and implementation of
standards. Bluetooth can connect devices up to 10 meters range [27]. Bluetooth uses low-power radio
signals to transmit data. It can communicate between 2.402 GHz and 2.480 GHz frequency. It requires no
license and it works in ISM band which is used for industrial, scientific and medical purpose. Bluetooth
uses low power and its signal doesn’t require line of sight for communication and that is the reason walls
can’t stop the Bluetooth signals.
Bluetooth can have up to eight connections with other Bluetooth devices in the range of 10 meters area.
When Bluetooth enabled devices are within the range of 10 meter, they can detect other devices without
any command executed by the human being but for secure communication a password is required for
connection to share the data. The Bluetooth version 1.0 has speed of 1 Mbps and Version 2.0 has 3Mbps.
Bluetooth version 2.0 can interoperate with version 1.0. There are following benefits while using
Bluetooth technology [28].


Cost: Bluetooth is inexpensive technology.



Establishment of Connection: Bluetooth devices can easily connect with each other.
Whenever they are in range they detect each other automatically but they required password.



Interoperability: Bluetooth devices made by different companies can operate with each other
because they follow same standards.



Low Interference: There is minimum chance of interference because Bluetooth uses Spread
Spectrum Frequency Hopping (SSFH) and low power signals.
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Can share Voice and Data: With the help of Bluetooth data and voice can be shared.

2.3.2 Radio Frequency Identification(RFID)
The RFID is used for tagging and unique identification of objects [29]. It was developed in 1970 and
RFID components are Tag and Tag reader. The RFID Tags are placed on the objects and Tag reader is
used to get the information that was stored on Tag. Tag reader and Tags can be seen in figure below.

RFID Tags

RFID Tags

RFID Tag Reader
Figure 1: Different type of Tag Reader and Tags
There are two types of RFID Tags known as Active Tags and Passive Tags. Passive Tags don’t have their
own power source and they acquire power for operation from Tag reader using induction. On the other
hand Active Tags have their own power source. The active Tags can work from tens of meters but the
passive Tags have range of few centimeters.

Active
Tags
Passive
Tags

Battery

Power Source

Size

Range

Data
Storage

Cost

Yes

Internal to Tag

Larger

Up to100
meter

up to 128kb

High

No

Energy
transferred RF
Smaller < 3 meter
128 bytes
from reader
Table 1:Active and passive RFID Tags[30]

Low

Common uses of RFID: Some of the common examples of RFID are given below [31].


Proximity Cards: These contactless cards are used to access the building.



Payment Token: RFID technology is used in USA for payments at petrol stations. For instance
SpeedPassTM , ExpressPayTM and PayPassTM.



Toll Payment: RFID is also used for Toll payment while traveling on road.
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2.3.3 QR CODES
The QR code stands for “Quick Response” and a cell phone can read these barcodes. A scanner can scan
QR code and QR coding / decoding software in cell phone can directly open the universal Resource
Locator (URL) coded in the 2-Dimentional barcodes. These can also be used for phone number or
sending SMS messages to a specific person. QR code was invented in Japan in 1994. ISO-18004 standard
explains technical specification of QR code, in this way these codes have same standards all over the
world [32].

Figure 2: QR code
2.3.3.1 Use of QR Codes
QR codes are used to open specific website connected with the QR codes. Also QR code can be used to
launch specific applications, but cell phone require some interaction from the user before it is used to scan
the QR code, scanner or camera to read the tag is made operational. QR code can handle all type of data
that can be seen in table below.
Maximum Capacity of QR CODE to Store Data
Data Types
Storage Capacity
Alphanumeric
4296 Characters
Numerical
7089 Characters
Binary
2953 Bytes
Kanji, full-width kana
1817 Characters
Table 2: QR code data Capacity[33]
2.3.4 Near Field Communication(NFC) Technology
NFC is wireless short-range technology which provides simple, intensive and fast communication
between electronic devices [34] and described in ISO 18092 standard. From technological point of view
NFC operates on 13.56 MHz frequency band and with 106-424 Kbps data transfer rate. It may provide
contactless communication in everyday activities. It works in close proximity and range is up to 10
centimeters. Mobile phone can have short-range communication technologies like, Wi-Fi, Bluetooth,
RFID and NFC [35]. There are following operating modes in NFC:


Read/Write mode: In this operating mode NFC device can read and write data on NFC
compliant Passive Tags. For instance smart poster.



Peer-to-peer mode: In this mode NFC enabled devices can establish bidirectional connection
in order to exchange data.
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Card emulation: In this mode NFC devices can work like a smart card. For instance, Ticketing
and Payment applications [36].

Figure 3: NFC communication modes architecture [37]
The NFC interface devices can operate in different modes. These modes can be distinguished on the basis
of Radio Frequency (RF) field. Whether a device creates its own RF field or retrieves power from RF
field generated by other device [38]. In simple words Active devices have their own power supply but
Passive device don’t have. Whenever two NFC enabled device communicate with each other these three
configurations are possible as shown below in table.
Device 1

Device 2

Explanation

Active

Passive

Device 1 can generate RF field only.

Active

Active

RF field is generated by both devices alternatively.

Passive

Active

Device 2 can generate RF field only.
Table 3: NFC devices communication configuration

The NFC work on the basis of message and reply concept. Two devices can communicate when one of
them sends message and other can reply. These are possible roles of a device with respect to Passive or
Active mode as shown in below table.
Active Device

Passive Device

Initiator

Possible

Not possible

Target

Possible

Possible

Table 4: Different modes of NFC for connecting two devices[38]
Active device can be initiator or target but Passive device can be target and can’t work as initiator. The
table below explains the important properties of short range communication technologies.
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NFC

RFID

Bluetooth

Range

Up to 10 cm

Up to 3m

Up to 30m

Setup Time

<0.1 ms

<0.1 ms

~6 sec

Usability

Human centric, Easy and Fast

Item centric and easy

Data centric and
medium

User
experience

Touch and Go, simple
connection, Can Read & Write

Can read information

Configuration needed

Table 5: Comparison among short range wireless communication technologies
2.3.4.1 Different Types of NFC Tags
According to the NFC forum there are four types of NFC tags with different capabilities and properties.
The basic difference is speed and memory size. All these NFC tags types are described in the following
table [39].
Name
Manufacturer
Memory Size
Unit Price
Speed
Data Access
Standard

Type 1 TAG
Topaz
Innovision
96 bytes
Low
106Kbit/s
Read/Write or
Read only
ISO 14443 A

Type 2 TAG
MIFARE Ultralight
NXP(Philips)
48 bytes
Low
106Kbit/s
Read/Write or Read
only
ISO 14443 A

Type 3 TAG
Felica
Sony
1 Mbytes
High
212, 424Kbit/s
Read/Write or
Read only
(JIS) X 6319-4

Type 4 TAG
MIFARE DESFire
NXP(Philips)
32Kbytes
Medium/High
Up to 424 kbit/s
Read/Write or
Read only
ISO 14443 A B

Table 6: Types of NFC Tags

Figure 4: Tags Stickers
2.3.4.2 Common uses of NFC Technology in World Market
With the passage of time cost of NFC technology will decrease, interesting application will become
feasible, when these will be used as combination with cell phones and other connected devices. Some of
the common examples are given below which show benefits and uses of NFC enabled mobile phones
[40]. This technology is being used for payments at buying tickets etc.
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Figure 5: NFC Benefits for mobile users
2.3.4.3 QR Codes vs NFC


QR codes and NFC both are fast and there is no need to make contact of Smartphone with NFC
chip or QR codes [41].



NFC applications are easy to use as compare to QR codes because user has to open scanner
application on Smartphone before he is able to scan QR codes. But NFC enabled device has
capability to start work when it is kept near the NFC chip its starts working automatically [42].



Once a QR code is generated no data can be written or changed on existing QR code, but NFC
TAG can be re-written [41].



NFC applications are bound with actual TAG but QR code can be shared with other people
through electronic mail [42].

These properties of NFC can have an advantage over other Smartphone supported features like QR codes
and Bluetooth. Because all of these feature which are available in Smartphone can be used for different
purpose to support different kind of applications in normal life. But keeping in mind the difficulties of
cognitive disabled people NFC can provide easy interaction for this important but neglected group. This
technology is being used for payments at stores and for buying tickets and its growth is expected in
coming years. If this technology is used successfully for cognitive disabled people, it can be easy for
them to manage their lives. They will be able to get multiple benefits from a single Smartphone device.
Google Android platform can provide facility to develop applications which can be used for functional
and non-functional population.
2.4 Google Android Platform and Architecture
The Open Handset Alliance (OHA) was created in 2007 and the purpose was to develop open standards
for mobile devices. The OHA consists of Eighty Four technology and mobile companies [43]. OHA
provided a better solution with the name of Google Android which is first open source mobile phone
platform and this platform was based on Linux, with simple user interfaces and applications developed in
Java Language. Android platform has open system architecture and provides versatile environment for
development and debugging. It also provides replacement and reusability of components. It supports
wireless communication and database. It uses virtual machine Dalvik which is heavily optimized for
mobile communication devices [44].
Android offer features which cover areas like Application Development, Media Connectivity, Internet and
these features include Dalvik Virtual Machine, Application Framework, Optimized Graphics, Media
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support for Audio and Video, SQLite for structured Data Storage, Integrated Browser, GSM Telephony
3G, Camera, FDGE, Wi-Fi, GPS, Bluetooth and provide a rich development environment. Android
platform contains five layers [45].

Figure 6: Android System Architecture [46]
1. Application
Android platform contains core applications on top level in the android framework. These core
applications include Email Client, Calendar, SMS Application, Web Browser and Map Application.
2. Application Framework
Application framework provides base for development of application in android and most of the time
developers work with the application framework. The application framework has components like
Activity Manager, Content Providers, Window Manager, View System, Package Manager, Notification
Manager, Resource Manager and Telephony Manager.
3. Libraries
There are set of C/C++ libraries in android platform and are used by different platform of android system.
The core libraries include surface manager, media framework, SQLite, OpenGL/ES, Free type, Webkit,
SSL and etc. developers can use these capabilities through android application framework.
4. Android Runtime
There are two components of android runtime. The core libraries provide most of the functionality which
is available is Java programming. Dalvik Virtual machine is used as translator between operating system
and application. Android applications run in their own process and with own instance of virtual machine.
Dalvik can run multiple instances efficiently with minimum memory and CPU usage.
5. Linux Kernel
Android realize on modified Linux version 2.6 for core system services. These core system services
include Display driver, keypad driver, Wi-Fi Driver, Camera Driver and Power Management etc. the core
also works as hardware abstraction layer between hardware and application [44].
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2.5 Android Market and Google Nexus
Android market is an online software store and was developed in August 2008 by Google. Most of
android devices contain preinstalled “Market” application and user can browse, download, buy, review
and rate the available applications. Android applications have no restriction that they should be obtained
from android market unlike iphone applications can be obtained from iphone app store [47]. The figure
given below depicts the growth of android based new applications & games available on monthly basis.
The x-axis shows months and y-axis shows new android base applications & games in Thousands (10^3).

Y-Axis

X-Axis

Figure 7: No. of New Applications in Android Market on monthly basis [48]
Google Android can open up for new opportunities, because it is first complete, open source and free cell
phone platform. Android platform can be helpful for cellular operators while providing low cost solution
for their devices. Google Android open source software provides opportunities to the device manufactures
to customize their products without any restriction and can distribute their devices for sale. Google Nexus
S is first cell phone which has built-in NFC technology support [49].

Figure 8: Google Nexus S
Google Nexus S is developed by Samsung and Google. It has pre-installed latest Google applications and
its support multi tasking features like Wi-Fi, Bluetooth, NFC, Internet Surfing and GPS.
2.6 Discussion and Summary
The cognitive disabled can face different problems and existing technologies can be used to facilitate
them by modifying the existing technologies according to their abilities. There are some specialized
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devices and some are generalized devices. The specialized devices are designed specially to support
cognitive disabled but generalized devices can be modified to facilitate them.
Smartphone has multiple features and they can be used to facilitate cognitive disabled in their daily life.
Google Android platform provides opportunity to develop applications for android based Smartphone’s.
Applications can be developed by using different features of Smartphone according to the context and
needs of the cognitive disabled. Google Nexus S Smartphone has built in support for NFC technology and
applications can be developed by using Google Android platform. The NFC technology can be used to
run an application by just touching the NFC tag.
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Chapter.3: RESEARCH METHODOLOGY
This chapter describes research methods used for our research work. The research work was conducted in
a number of steps: issues to be considered to support the cognitive disabled through technology were
identified using Systematic Literature Review, user study methods Survey and Interviews are described,
Participatory Design Workshop used to find suitable structure of information to support cognitive
disabled, prototype implementation and methods for evaluation are discussed.
3.1 Overview
Research methodology is an essential phase of research work. There are following research approaches
namely as: Quantitative, Qualitative and mixed methods [20].


Quantitative Approach: In this approach researcher use postpositive claims to develop their
knowledge. Strategies to inquire and collect data through survey and experiment are within the
quantitative [20].



Qualitative Approach: In this approach the researcher make knowledge claims on the basis of
constructivist perspectives. For qualitative approach strategies to inquire are case studies,
ethnographic and ground theory etc [20].



Mixed Approach: In this approach the researchers make knowledge claims on the basis of
pragmatic grounds. It involves collection of qualitative and quantitative data sequentially [20].

3.2 Research Design
A mixed Research approach was adopted for our research work which is a combination of qualitative and
quantitative method approaches. Selection of methodology was taken into account, considering the
following three factors i.e. Research problem, personal experience of the researcher and the audience
[20].This research was conducted in steps, first of all, systematic literature review was conducted to know
the issues to be considered while supporting cognitive disabled through technology. Identified issues from
systematic literature review were considered throughout the study. On the basis of systematic literature,
survey was conducted from cognitive disabled to know their needs, abilities and disabilities. Interviews
from the administration of school for cognitive disabled were considered as study method to know indepth problems faced by cognitive disabled. To decide about the appropriate structure of information to
be displayed on the screen of Smartphone was achieved by involving cognitive disabled, teachers and
caregivers in the design process. Participatory design [50] workshop was used to conduct sessions with
the cognitive disabled people, teachers and caregivers. In the next step an Android based prototype for
NFC enabled Smartphone was implemented and used for ‘proof-of-concept’. For evaluation purpose the
application was tested in real environment to uncover the technical issues in the setup and then empirical
evaluation through focus group interviews was conducted. The diagram of our research design is given
below:
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Systematic Literature
Review

RQ1

Survey + Interviews

RQ2

RQ3

Prototype Conceptualization

Participatory Design
Workshop

Evaluation
Testing in Real Environment
+ Focus Group Interviews

Figure 9: Research Methodology

3.3 Systematic Literature Review
The systematic literature review (SLR) is a resource of identification, evaluation and interpretation of all
available research material which is related to a particular research domain, research area or research
question [51]. The purpose of conducting SLR was to know the issues to be considered while supporting
a person with cognitive disabilities and current status of Smartphone being used as assistive technology to
assist the cognitive disabled people. We followed guidelines procedures for performing systematic
literature review by Barbara kitchenham.
3.4 Survey
Survey is used to get information from a number of people relatively in short time and cost effective as
compared to other methods. Moreover, this technique provides open time for respondents so they can
think and answer the questions; they are not bound to complete the survey in one setting [52]. The survey
was used to collect feedback from cognitive disabled people to know about their abilities, disabilities,
needs and their preferences to use technology. The second purpose was to know the issues faced by these
people while they perform their daily life tasks and how Smartphone can be used as a cognitive support
for them.
3.5 Interview
Interview is commonly used method for collection of qualitative data. There are three types of interview
as discussed in [53],[54].


Structured Interviews: This type of interview contains well prepared and specific questions
by the interviewer.
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Unstructured Interview: It contains open-ended questions as compared to structured
interviews.
Semi-structured Interviews: These interviews contain mixture of specific and open-ended
questions. This type of interview is also called focus interview [54].

As our study concern, semi-structured interviews were conducted to collect data about the use of mobile
phone technology and workflow of cognitive disabled people. This inquiry method provided us opinion
and detailed discussion from the interviewee by allowing us specific and open-ended questions. More
interview details are presented in Section 5.3.
3.6 Participatory Design Workshop
Participatory Design (PD) is a technique of user centered design (UCD), which involves users or end user
for design and evaluation purpose. In this technique users play an important role, they are part of design
team and contribute ideas for requirements and solution of the system. PD evolved in Scandinavia and
purpose was to increase workplace democracy [55], [56]. This method provides an interface among users
and researchers, to improve the knowledge of researchers about the individual’s preference and abilities.
To design an AT, cognitive capability of a person play an important role for accessibility and usability
instead of considering exclusively involved cognitive disorder [4]. Participatory design was used for
challenging group and it provided reasonable results [50].Therefore, it can be used for cognitive disabled
people as well, to design Smartphone scenario based prototype.
The workshop was held at High School for cognitive disabled in a small Municipality in South of Sweden
and the audiences were Supervisor Dr.Jenny Lundberg, cognitive disabled people, teachers and
caregivers. The purpose was to collect input from the participants by giving overall background of
research topic and short description about the problem definition. We found some issues and barriers that
were faced by cognitive disabled people through literature review, survey and interviews. The main aim
of workshop was to know about the structure of information appropriate for cognitive disabled people.
The Low-Fidelity Mockups was used for selection of appropriate structure of information to be displayed
on Smartphone screen.
3.7 Focus Group
The focus group is a quick and inexpensive empirical research method to get qualitative feedback which
can be used in different phases of the research [57]. These focus group are the planned discussion sessions
with the participants to know about their feelings and perceptions and it is defined as “The main purpose
of focus group research is to draw upon respondents’ attitudes, feelings, beliefs, experiences and
reactions in a way in which would not be feasible using other methods, These attitudes, feelings and
beliefs may be partially independent of a group or its social setting, but are more likely to be revealed via
the social gathering and the interaction which being in a focus group entails” [58]. The focus group was
used to evaluate the Smartphone application for “weather and clothes” in the context of support for
cognitive disabled. Two focus group interviews were conducted, participants of 1 st group were cognitive
disabled and 2nd group consist of teachers & caregivers. The Focus Group was conducted in the premises
of a vocational High school for cognitive disabled students and keeps the environment natural and
comfortable for them. The structured focus group interview questions were asked while presenting the
application to them. All the participants explored and understood application themselves. To evaluate
NFC enabled Smartphone application to support cognitive disabled people as a “proof-of-concept”.
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Chapter.4: SYSTEMATIC LITERATURE REVIEW
This chapter contains Systematic Literature Review to identify the issues to be considered while
understanding the requirements and technological possibilities to assist the cognitive disabled.
4.1 Systematic Literature Review
The systematic literature review (SLR) is a resource of identification, evaluation and interpretation of all
available research material which is related to a particular research domain, research area or research
question [51]. Individual’s contribution to systematic review is known as primary studies, but systematic
review itself is considered a secondary study. The guidelines provided by Barbara kitchenhem were
followed while conducting systematic Literature Review. There are three stages in systematic review
[51].
 Planning the Review
 Conducting the Review
 Reporting the Review
4.1.1 Planning the Review
Planning the review has two stages associated with it as given below:
 Need of Systematic Review
 Development of Review Protocol

4.1.1.1 Need of Systematic Review
The systematic review provides us opportunity to summarize all related research about a phenomenon in
an unbiased manner. We collected data about our Research Question#1to find the issues to be considered
while supporting cognitive disabled through technology in daily life activities. The purpose was to study
their problems thoroughly and how to support them using technology.
4.1.1.2 Development of Review Protocol
The review protocol is an essential stage which describes clear procedures to be followed during SLR and
pre-defined protocol provides criteria for the selection of studies to reduce the possible biasness of
researcher [51].
Before conducting the SLR search terms were used to know the work done by other researchers. The SLR
is used to find as many as possible primary research studies which are related to the research question by
using unbiased strategy [51]. Related search terms were used before SLR to identify the span of searching
for our research and articles in previous thirty years were considered. We also tried searching for articles
without specifying timeline but we got more or less same results. We included provided articles because
our aim was to identify the issues to be considered while supporting cognitive disabled people’s workflow
through technology in their daily life activities and roots of the issues can be traced from the previous
studies.
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4.1.1.2.1 Generating Search Strategy
For SLR we followed a search strategy. We made a search string and selected online database resources.
We made different combination of search string derived from our research question. We tried these search
strings in different online databases and results were reviewed. We consulted with BTH University
Librarian to verify the search strings and search material. We showed our results to the Librarian and
suggestion were considered valuable for further proceedings and search strings were refined.
4.1.1.2.1.1 Search String
The basic purpose of SLR was to find related research articles about the issues to be considered while
supporting them through technology. The search string used to extract related study material is given
below.

1. ((cognitive OR Mental) AND (disab*) AND (issue OR problem OR hurdle OR disadvantage OR
risk OR challenge ) )
2. ((cognitive OR Mental) AND (disab*) AND (issue OR problem OR hurdle OR disadvantage OR
risk OR challenge ) AND(workflow ))
3. ((cognitive OR Mental) AND (disab*) AND (issue OR problem OR hurdle OR disadvantag* OR
risk OR challeng*) AND (workflow or work function or process or routine or daily))
4. ((cognitive OR Mental) AND (disab*) AND (issu e OR problem OR hurdle OR disadvantag* OR
risk OR challeng*) AND (workflow or work function or process or routine or daily))
5. ((cognitive OR Mental) AND (disab*) AND (issue OR problem OR hurdle OR disadvantage OR
risk OR challenge))
6. ((cognitive or Mental) and (disab*) and (issue or problem or hurdle or disadvantage or risk or
challenge) and (workflow))
4.1.1.2.1.2 Online Databases Resources Used
The online resources for SLR are given below:
Data Source
Digital Library

Online Search Engines

Databases
ACM Digital Library
IEEE Explorer
Springer Link
Inspec
Compendex
Google Scholar

Table 7: Online Resources utilized for SLR
The above mentioned search queries were used for online databases and 8766 research articles were
found. Details are provided in appendix (A). To reduce the number of research articles inclusion and
exclusion criteria were followed.
4.1.1.2.2 Study Selection
By using search queries primary research articles were found. There was a need to assess their actual
relevance with our research area [51].
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4.1.1.2.2.1

Study Selection Criteria

The criteria for selection of study are to identify primary studies which provide evidence regarding the
research question [51]. For the selection of related studies inclusion and exclusion criteria was used.
4.1.1.2.2.1.1 Inclusion Criteria
Primary studies were reviewed to find most related articles for data extraction purposes. The inclusion
was used to identify the issues to be considered while supporting the workflow of cognitive disabled in
their daily life activities. Inclusion and exclusion criteria is given below which was applied on primary
research articles.


Abstract level inclusion.



We selected research articles which describe the issues/ barriers of cognitive disabled
people and problem in their workflow.



We selected research articles that address case studies, experiments, literature review,
surveys and interview related to the cognitive disabled people.



We selected research articles which were freely available with full text.

4.1.1.2.2.1.2 Exclusion Criteria
The primary studies which did not match with above mentioned inclusion criteria were excluded from our
research work.
4.1.1.2.3 Study Selection Process
We used criteria for the selection of appropriate articles for our study. For the selection of primary studies
relevant to our topic/ research question. We investigated given below key points for articles to decide
about their inclusion or exclusion.


Title of Research Article.



Abstract of Research Article.



Conclusion of Research Article.

If any research article fulfill above mentioned criteria that was included for our study.
4.1.1.2.4 Checklist for Study Quality Assessment
We prepared a quality checklist on the basis of different section in the articles. The sections we
considered are Name, abstract, introduction, Research Methods, Results and conclusions. We will use this
checklist to evaluate the primary studies.
4.1.1.2.5 Data Extraction
To extract the information from primary studies, we used data extraction form you can see in Appendix
(A). For Data extraction we used some specific and general information from research articles. Details of
this general and specific information are provided below.
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4.1.1.2.5.1 General Information
We used general information checklist to document the selected primary studies. This includes as show in
given below:


Title of Research Article



Author’s name



Publication type/ Journal/ Conference



Publication date



Database used for searching



Search String used for searching

4.1.1.2.5.2 Data Synthesis
This section is used to collect the data and summarize the results from selected primary studies. Selected
research articles were different on the basis of research methods they used and their research results. We
used qualitative synthesis to document the results of related articles in order to answer our research
question.
4.1.2

Conducting the Review

For Systematic Literature Review specific steps were followed.

4.1.2.1



Identification of Research



Study Selection



Quality Assessment of Study



Data Extraction



Data Synthesis

Identification of Research

Our purpose of systematic literature review was to find maximum research articles relevant to the
Research Question #1 of our study [51]. Protocol review clearly defines and explains search strategy for
our systematic literature review. We followed a general approach of breaking down the research question
into individual facts by using synonyms, alterative spellings and abbreviations [51].
What are the issues to take into concern when supporting the workflow of a person with cognitive
disabilities?
What are problems faced by people with cognitive disabilities while using technological devices
to support their workflow?
What are the hurdles/ barriers for cognitive disabled people in their daily life activities?
Considering these research questions we defined search strings by using Boolean AND’s and OR’s
operators. We adopted iterative search strategy and trail searches were performed to verify different
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search strings. Details of search strategy can be seen in development of review protocol Section 2.1.1.2.
By using search strategy preliminary searching was performed to identify relevant literature from
different electronic databases. Moreover except electronic databases other relevant resources like books,
primary articles references were consulted to get relevant data.
4.1.2.2 Study Selection
For the selection of primary studies three steps were performed. In the first step for the selection of
articles made on the basis of Title and Abstract of article. In second step on selected articles considering
Introduction and conclusion of related Articles were selected. The final step inclusion and exclusion
criteria were observed for selected articles. The selected research articles are given in Appendix (A).
A total of 332 research articles were scanned during second step of SLR and 36 research articles were
selected. In third step after conducting detailed study inclusion and exclusion criteria were considered for
the selection of final research studies relevant to our research question and 12 research articles were found
relevant to our research work see in Appendix (A).
4.1.2.3 Quality Assessment of Study
Quality assessment is carried out on the basis of structure of selected relevant research articles i.e. Title of
article, Abstract, Introduction and details can be seen in Section 4.1.1.2.4. Quality assessment process is
helpful in the selection of primary research studies which provide relevant data about the research topic.
4.1.2.4 Data Extraction
In data extraction phase data was gathered from primary studies. Data was documented considering the
specific and general information as seen in Appendix (A).
4.1.2.5 Data Synthesis
This includes data gathering and their summarizing of results from the selected research articles. For
documentation of primary research articles qualitative synthesis was used. In order to identify missing
relevant information, extracted data from primary studies was cross checked.
4.1.3

Reporting the Review

Review reporting is a single phase activity and results of Systematic Literature Review are reported on
the basis of Research Question#1. The results of systematic literature review are presented below:
4.1.3.1 Consideration of Issues / Barriers to Support Cognitive Disabled through Technology
In this era of advancement new technologies are being invented and average people are confused while
using Information and Communication Technology (ICT) services due to their complexity [59],[60]. It
can be more complicated for cognitive disabled people to use these ICT services and devices. Mobile
technology is designed for young people and it is difficult to access the benefits of technology for
cognitive disabled people [14]. Software can be developed considering cognitive disabled people needs,
capabilities and features of technology. Mobile phones can be useful for cognitive disabled people if
interfaces are made according to their abilities [14]. While making software to support cognitive disabled
people these are the identified issues which should be considered.
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4.1.3.2 Simple User Interface
Reduced complexity of user interfaces (UIs) can be helpful for cognitive disabled because they have
focus problem while selecting appropriate choice from crowded screens [3]. It is not easy for cognitive
disabled to use off-the-shelf cell phone device menus [61]. The cognitive disabled people requirement is
simplified menus with limited options and to increase the simplicity of assistive technology devices
should be portable, simple and easy to upgrade [24]. Effective interfaces are compulsory for helpful
support systems on the basis of information [62].
4.1.3.3 Awareness about Needs, Abilities and Disabilities of Cognitive Disabled Users
The cognitive disabled rarely get benefits from information technology because commercial applications
are complex with respect to user’s abilities and their needs are not considered [63]. Every person has
different abilities and technological tool can be effective if their needs are addressed [24]. This will
increase their abilities. The functional capabilities of cognitive disabled people play important role in
different environments to achieve their specific tasks [4]. A careful observation is essential while
developing support system for mentally disturbed people and must know about their abilities and
disabilities [62].
4.1.3.4 Accessible Applications
“Accessibility basically means that people with disabilities can use a product. More specifically,
accessibility is making user interfaces perceivable, operable and understandable for people with a wide
range of abilities” [64]. Accessible applications can be used by cognitive disabled people to manage their
life. These applications can be beneficial if applications are designed considering accessible interfaces
[63]. Cognitive disabled have difficulties in accessing textual information due to complex structure of
sentence and limited vocabulary [65]. Accessibility is also related to the usability and it contains technical
and user interface (UI) components of a product which can be reached through usability [64].
4.1.3.5 Importance of Usability in Applications
International standard organization (ISO) 9241-11 defines usability [66] “the extent to which a product
can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in
a specified context of use”. In off-the-shelf cell phone devices limited cognitive accessibility, user
interfaces and small size of devices provide limited access [60] to the cognitive disabled. The Smartphone
can provide opportunity to build novel applications to support cognitive disabled. Special software can be
designed which are easy to operate for cognitive disabled. In [60],[14] usable systems were discussed
from different aspects and the study [3] argued underrepresentation of cognitive disabled in HCI research
and usability test panels.
4.1.3.6 Involvement of Cognitive Disabled
Involvement of cognitive disabled in the designing process can be helpful to support them. People with
cognitive disabilities are underrepresented in the studies [3] and inclusion of these people from design
process, research setting [4], testing panel [65],[4] to the market will increase our knowledge and abilities
to support them [65].The success of AT devices requires understanding of barriers in the use of current
technology [4]. There is a need to understand the situations where a system is used and necessary
understanding may be designed by working with intended user in application setting to shape the ideas
about the system known as participatory design [67].
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There are some social issues which can be of importance for the adoption of any AT device. Cognitive
disabled people have cognition limitations and training can be beneficial for them. Complex configuration
of AT device can be barrier for adoption [68]. There are some other factors which can be hurdle in
adoption of any AT device and one of them is high cost of devices. It should be easy to replace hardware
or software of the assistive technology in any case of mishap [68]. These factors affect the adoption of
any AT device for cognitive disabled people.
4.2 Discussion and Summary
The issues to be considered while facilitating cognitive disabled by using technology were identified from
literature. The interfaces should be simple, usable and equally accessible for all persons. The other
important point is the involvement of cognitive disabled in the designing of application. The researcher
should have knowledge about the abilities, disabilities and needs of cognitive disabled persons. Also
researcher should be aware of context of use for the technology.
4.3 Validity Threats
The validity threats related to the Systematic Literature Review are given below.
4.3.1 Internal Validity Threats
In order to overcome threat associated with SLR, well known databases were used for searching and a
proper quality assessment criterion was followed to remove researcher biasness. Search queries, databases
and results were tuned and discussed with the University Librarian.
4.3.2 External Validity Threats
External validity threats can cause wrong generalization of study outcome for a research [20]. The
Systematic Literature Review was conducted from 1980-2012 on study material. The purpose was to
select all possible relevant material. But still there can be chance of missing relevant data because the
problem is related to different fields. To overcome these problems six well known databases were
considered for systematic literature review.
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Chapter.5: SURVEY AND INTERVIEWS
This chapter discusses the survey and interview as user studies, which were performed in the beginning of
our study. The purpose was to investigate the issues faced by cognitive disabled people and their abilities,
disabilities and needs. Each of these inquiries helped us to know the capabilities and preferences of the
target group and provided us a clue for designing a NFC enabled Smartphone prototype. Detailed
planning and executions of inquiries are given below.
5.1 Survey Design and Analysis
Questionnaire is a cheap way of data collection. It provides opportunity to collect data from a number of
subjects in a limited time. A well structured questionnaire can be useful for the collection of information
about the particular area of the system.
5.1.1 Questionnaire Planning
After the casual meeting with supervisor and considering systematic literature review we planned a closeended questionnaire. The main purpose of questionnaire was to indentify the needs, abilities and
disabilities of cognitive disabled while performing their daily life activities and their familiarity with
technology. The other purpose was to investigate use of technology in their life to facilitate in planning
and execution of daily life activities, specifically weather and clothes scenario was targeted. It will help to
know the inclination of cognitive disabled towards advance technologies.
5.1.2 Questionnaire Designing
In the designing phase of questionnaire we included easy, simple and short questions that were
understandable for cognitive disabled people. The questionnaire was translated into Swedish language to
facilitate the participants. We used close-ended questions for the designing of questionnaire. The
questionnaire can be found in Appendix (B).
5.1.3 Piloting Questionnaire
Before sending the questionnaire to target group, we conducted piloting of questionnaire. Two
participants from cognitive disabled were involved in piloting of questionnaire. To avoid biasness these
two participants were not included in the study. Basic purpose was to make sure there were no errors, no
mistakes, no confusion and questions were easily understandable. It helped us to make changes and
remove errors in a few questions.
Later on piloting questionnaire test was completed. We updated our questionnaire according to the
participant’s suggestions. We removed grammatical errors as well as changed order of the questions, to
make our questionnaire more suitable for target group. After reviewing the questionnaire was distributed
to the target group to collect data. Execution of the survey can be found in next section.
5.1.4 Selection of Survey Participants
The participants selected for survey were cognitive disabled students. We did not adopt any specific
criteria but the school where we conducted survey had recruitment criteria to select the cognitive disabled.
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5.1.5 Execution of Survey
The final version of questionnaire was distributed among group of cognitive disabled people in a High
School for cognitive disabled in a small Municipality in south of Sweden. Teachers/ Caregivers/ Parents
were allowed to help them to fill this survey in any case of inconvenience.
5.1.6 Survey Results
The survey was used to get detailed information about their abilities, disabilities and needs in real life and
how real users use existing cell phones in their daily life. We collected data from 19 participants. Results
of survey are discussed in the following sections and detail is available in Appendix (B).
First section of questionnaire was about demographic information of the subjects. The selected subject for
the survey were students of a vocational school from south of Sweden. The feedback was collected from
19 cognitive disabled students (15 Male, 4 Female and age between 16-21 years). Most of them 68.42%
were living with their parents and 31.58% were living in boarding and they need support from their
parents or caregivers.
Second section of questionnaire was used to know the intension and feeling of cognitive disabled people
towards the use of advance electronic devices in their life. The purpose was to know the use of
Smartphone or cell phone in their life and their feelings while using electronic devices with advance
features. Most of them were using mobile phones but they were using limited features. They were using
mobile phones for calling, receiving call and sending messages. Some of them were using Smartphone
but they were not aware of using advance features of these devices.
Third section of questionnaire was used to know needs, abilities and disabilities of cognitive disabled
people. According to the analysis of collected data cognitive disabled people can’t remember the things
and they require some kind of help from the environment. They were using different methods for getting
help i.e. from parents and caregivers, manual resources and using technology to manage their life. The
information provided by the participants some of them were using TV and thermometer to know the
outside weather condition. But some of them were sensing the weather going outside or from window.
Also there were reasonable number of people who need help from parents and caregivers. They also face
problems in planning, decision making and execution of activities and they require different kind of aids
for support in these situations.
5.1.7 Analysis of Survey


The persons involved in survey were young cognitive disabled, some of them were living in
boarding and most of them were living with their parents.



Most of the cognitive disabled students were able to use mobile phone and they were aware from
simple functions like calling, receiving calls, but they had limited knowledge about the other
features of mobile phone/ Smartphone.



They were interested in advance mobile phones with nice and entertaining features.



Less than half of the cognitive disabled mentioned that they can manage their life themselves. But
all remaining were getting help from parents, teachers, and caregivers or from external material.
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The cognitive disabled persons were using different type of assistance in their life. To know
weather conditions they were relying on internet, TV, thermometer, help from parents and
caregivers.



The result shows that they face problems in planning, decision making and execution of their
activities and they required assistance in these situations.

5.2 Validity Threats
The validity threats associated with survey are discussed below.
5.2.1 Internal Validity Threats
The poorly designed survey questionnaires can have impact on research outcome. To handle this situation
questionnaire was designed considering the issues identified from Systematic Literature Review. During
formulation of questionnaires there are chance to miss important relevant questions, to overcome this
threat questionnaire was formulated by mutual discussion and were discussed with supervisor. The survey
questionnaire was distributed among cognitive disabled students and there might be a threat that they
can’t understand English language. The questionnaire was translated in their mother tongue before
distribution.
5.2.2 External Validity Threats
The inappropriate selection of participants can produce wrong results in the study. To overcome this
problem survey was distributed among cognitive disabled students.
5.3 Interviews
Interviews are commonly used for collection of data. Interviews are qualitative form of research and
normally conducted for empirical research. Interviews are a technique that is used for collection of data
where quantitative research approach may not be fruitful. Interviews can be used as a tool for gaining
thoughts, views, opinions and feelings of people [54],[69].
Interviews are of two categories known as structured and unstructured interviews. The main purpose of
structured interviews is to gain particular information considering the specific questions from the
interviewee [53]. Some of research studies use semi-structured interviews [70].This semi-structured type
of interview combines particular questions to gain specific information about a specific topic and openended inquiry questions to obtain the broader views from the interviewees. Interviews are flexible and
adoptable way of finding for qualitative data.
5.3.1 Objective of Interview
We conducted Semi-structured Face-to-Face Interviews to inquire about the issues of cognitive disabled
people from the interviewees. To answer Research Question#1, it is important to find the problem faced
by cognitive disabled in their daily life activities. Interviews from the school management were conducted
in the light of their job experience. The interviews were used to know prospective of people involved in
support and their opinion regarding the use of Smartphone as assistance for cognitive disabled.
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5.3.2 Selection of Interview Subject
Selection of interviewee is important to get precise and useful results from study. Three interviewee
selected for interview were from Ronneby Municipality High School Administration, they were directly
involved in different capacities to facilitate cognitive disabled students.
5.3.3 Designing of Interview
We designed a set of questions to be asked from the interviewee while conducting Face-to-Face
Interviews with them. These interview questions were use to keep interviewee within the domain of our
research i.e. in-depth study of problems faced by cognitive disabled and used of technology in their life.
The open-ended questions were designed to know the working of organization and in second phase more
specific questions were included. The purpose was to identify the target population and precise questions
to be asked to get fruitful information from the interviewee. While designing the interview questions, it
should be considered that developed question should be more than the question asked from the
interviewee. Then the most useful and suitable interview questions can be selected from the designed
questions [71].
5.3.4 Composing Appropriate Interview Questions
There are three main criteria for composing of suitable interview question; Relevance, selection of
interviewee and easy of response [71].


Relevance: Interview questions should be related to the research study and should have
probability of obtaining specific kind of data.



Selection of Interviewee: Selection of appropriate interviewee is important. Selection of wrong
interviewee can lead to wrong results even the question asked is a relevant interview question.



Easy of Response: Interview questions should be relatively easy to answer and should not
embrace or create burden on interviewee.

All of those interview questions should be avoided, for which to answer the respondent needs information
from other resources. These types of questions make the interviewee uncomfortable and even may result
wrong answer or unanswered.
5.3.5 Face-To-Face Interviews
We made Face-to-Face interviews with the management of High school for cognitive disabled in a small
Municipality in south of Sweden. In total three interviews were conducted and the purpose was to know
the problems faced by cognitive disabled people and how they manage their life through technology.
Specifically, to know about the problems faced by cognitive disabled while using technology and the
opinion of management involved in support regarding Smartphone as assistance for cognitive disabled.
5.3.6 Transcription of Interviews
Interviews were recorded with the consent of interviewees and some manual notes were taken. We
listened to the recorded audios many times and analyzed the related data and irrelevant discussion was
discarded. The transcribed interviews can be seen in Appendix(C).
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5.3.7 Data Analysis
The qualitative data analysis (QDA) method was used to analysis the Face-to-Face interviews. The QDA
has three phases; Notice Things, Collect Things and Think about Things. The QDA method is shown
below:

Notice Things

Think About
Things

Collect Things

Figure 10: The QDA analysis Method[72]

The QDA is not linear in nature and contains following characteristics[72].


Recursive: It means each phase can call to previous phase.



Iterative and progressive: It means a cycle is repeated.



Holographic: It means each phase in the process have entire process.

The purpose was to indentify the issues to be considered while supporting the workflow of cognitive
disabled through technology. During interviews current use of special designed assistive devices for
people with cognitive disabilities was discussed. Also, possibilities to use Smartphone as support in their
daily life were a point of consideration. The interviews were recorded, summarized and analyzed to get
in-depth knowledge of user’s abilities, disabilities and needs.
5.3.8 Analysis of Interviews
The interviews were used as study methods to know the daily life problems faced by cognitive disabled
and experiences of administration involved in support and other activities. The interviews were conducted
with the administration of Ronneby Municipality High school for cognitive disabled. They are
responsible to facilitate cognitive disabled students considering their needs.


The main problems faced by cognitive disabled are they can’t remember, understand, analyze and
make decisions properly in different situations.



The cognitive disabled required different kinds of help. This help can be in one form or in other
and it is difficult to explain the situation exactly.



The complex designs of devices create trouble for them and it creates confusion while operating.
For example, it is difficult for them to use stoves with multiple buttons.



The cognitive disabled use some special devices for support. For example, handy to manage their
life, electronic pen to read text, picture planners for planning, they write activities on paper to
remember, they get help from parents, teachers and caregivers.

34



The cognitive disabled can use mobile phone or computer simple functions. But it can be difficult
to perform complex and task oriented activities for cognitive disabled.



The cognitive disabled have mobile phones but still some time they are not aware from all of its
functionalities.



In changing weather it is hard for cognitive disabled to decide about the appropriate clothes.



All the interviewees were agreed that mobile phone/ Smartphone can be helpful to support
cognitive disabled. These devices can provide independence and better feelings to them.



It can be difficult for cognitive disabled to use off-the-shelf devices. New mobile applications for
cognitive disabled and appropriate training to use these devices (i.e. mobile phones/ Smartphone)
can be helpful to facilitate them.

5.4 Validity Threats
It is important to consider the possible threats for our research methodology, in order to improve research
accuracy. We followed guidelines [73] to figure out possible threats for our research study outcomes.
There are validity threats associated with qualitative study.
5.4.1 Credibility
Perception of research or personal biasness can affect the creditability of a study. To overcome this
problem we tried to engage the interviewee for long time and provided some background information to
increase comfort level between us and interviewee. On every question we prolonged the discussion, so we
can get enough output from interviewee and can minimize our own perception. Different inquires might
have different prospective about different data sources, it can have impact on the creditability of the
study. To overcome this problem we recorded interviews and both of us analyzed them separately. At the
end we discussed our findings and results.
5.4.2 Transferability
Transferability means that research results can apply in different contexts. Due to this, assumptions and
research context are described to obtain transferability in our research work. Participants are experienced
personals from management, teacher and caregivers from a High school for cognitive disabled in a small
municipality in south of Sweden.
5.4.3 Dependability
The results of research can be affected by changing the context. The research should describe and identify
research context and its effects. To achieve this goal, we designed interviews on the basis of Systematic
Literature Review.
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Chapter.6: PARTICIPATORY DESIGN WORKSHOP
This chapter explains the importance of structure of information for cognition. Also it describes,
participatory design workshop for the selection of appropriate structure of information to be displayed on
Smartphone screen specifically in the scenario of weather and clothes.
6.1 Cognition and Structure of Information
Basically the cognition is a mental process which goes in head during daily life activities [74]. It includes
thinking, seeing, learning, reading, decision making and problem solving skills. In normal life for a
cognitive disabled person it is difficult to understand, analyze and decide about a specific situation. These
people have difficulties in concentration and it can be problematic for them to decide at a specific point
which one is better from a number of possibilities. A person can have full information about a scenario
but can be difficult to process information and select appropriate option. The way in which information is
displayed can greatly influence the capability of understanding of person from piece of information [74].
The poorly structured information can be difficult to be understood by the individuals. Specifically if the
target group to get benefit from information is cognitively disabled, it can make the situation complex. It
is of importance to display the information so that users can perceive correctly [74].Cell phone devices
are small in size and their screen size, button size are small as compared to the desktop systems. The
small screen of cell phone can handle small amount of information to be displayed on the screen. It can be
more complex for a cognitive disabled person to handle a cell phone/ Smartphone to achieve target
oriented information with the help of these devices rather than desktop systems. Cell phone/ Smartphone
menus have hierarchical structure the depth and breadth are important characteristics of menus. Breadth is
defined as option per screen and depth is defined as number of level in overall hierarchy [75].
For a user navigation becomes more difficult as go deeper in the hierarchy. He has to discover a path or
recall a path from current location to the target following step by step. When lot of information is
structured in breadth, the screen or display becomes crowded. It makes selection process complex with
number of options. But if depth is introduced crowding can be decreased, that will increase the option for
selection per screen. With the introduction of depth, it can increase the number of navigation. Especially
for cognitive disabled it is difficult to handle complex navigation and their chances of errors are
increased.
Target group was included from start of research to find their abilities, disabilities and needs. These
barriers should be considered while assisting cognitive disabled and recommendations from Systematic
Literature Review were followed during this research. Along with this information to be displayed on
Smartphone screen can play important role for their understanding and analyzing skills and appropriate
structure of information can be helpful. To structure the information Participatory design workshop was
conducted with cognitive disabled students and other stakeholders (teachers and caregivers) were
included.
6.2 Participatory Design
Participatory design (PD) includes early and continuous participation of intended users in the designing of
technology. The idea was to produce technology with better acceptance and to address the needs of users
(or target group). PD can reduce the misunderstanding among users and designers regarding the needs of
users. It provides a space to debate practical relations among work and technology [76]. The designer can
find their conflicting thinking regarding design with the users need. If these situations are handled in the
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beginning of project, it can reduce chances of failure of the project. We felt that for our research PD
should be an essential part to address the needs of users considering their abilities and disabilities.
In the beginning of research proper identification of abilities, disabilities and needs of cognitive disabled
can play important role for the success of assistive technologies. Survey questionnaires were used to
know the abilities, disabilities and needs of target group. Along with survey, interviews with management
staff of the school were conducted to know the missing aspects from survey. It was also indentified from
the literature that inclusion of cognitive disabled people in designing process of technology can be useful,
Participatory design was used to know appropriate structure of information to fulfill their needs in a better
way. The PD session consists of four parts and they are introduction of stakeholders, research domain,
and brainstorming of designs and walkthrough evaluation of designs [74].
6.2.1 User Participation in Design Process
The purpose of the research was to know that how NFC feature of Smartphone can be used to support
cognitive disabled people in their daily life. Smartphone is relatively new device and these technologies
are designed considering young people. The interfaces of Smartphone are complex to understand for
cognitive disabled people and if interfaces are made according to the capabilities of cognitive disabled
[14] and features of technology are used appropriately. These electronic devices can be beneficial for
them and they can feel more independent and just like other people. It was also recommended in the
literature that inclusion of cognitive disabled can be helpful to produce useful assistive technology for this
target group which is normally neglected.
6.2.1.1 Participants of PD Workshop
In the participatory design workshop possibly majority of stakeholders were involved. The end users
(cognitive disabled students) were living in boarding, at home with parents and were spending their day
time with teachers and caregivers at school. We included cognitive disabled, teachers, and caregivers in
the PD workshop; unfortunately it was not possible to include their parents in this session.

Participants

Sex

Participants 1

F

Participants 2

F

Participants 3

F

Participants 4

F

Participants 5

M

Participants 6

F

Participants 7

F

Participants 8

M

Participants 9

M

Participants 10

M

Participants 11

M

Participants 12

M

Role
Supervisor of
this study
Teachers
Caregivers

Cognitive Disabled
Students
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Participants

Sex

Participants 13

M

Participants 14

M

Participants 15

M

Participants 16

M

Role

Authors of this Study

Table 8: List of Workshop Participants
This PD workshop was held at High School for cognitive disabled in a small municipality in south of
Sweden.


Opening and Welcome: Our supervisor Dr.Jenny Lundberg welcomed all of the participants in
the workshop. She began with opening sentences by introducing the research area.



Participants Introduction: The participants of the workshop introduced themselves which were
cognitive disabled students, their teachers and caregivers. These teachers and caregivers were
aware off their problems and habits in daily life, they can be considered as stakeholders in this
research. The use of Smartphone to support the cognitive disable people can reduce work load on
Parents and Caregivers/Teachers.

6.2.2

Research Domain

A brief overview of our research topic was presented. A short problem definition was described to
express the study importance and how Smartphone can be helpful to support cognitive disabled. These
Smartphone have more than calling and messaging features. These features can be beneficial in daily life
of cognitive disabled.
6.2.3

Brainstorming

In brainstorming session our goal was to confirm the needs identified from surveys and interviews from
the management of school. The need we identified from our study methods were not addressed
previously, and still there is no existing application to support cognitive disabled people according to our
best of knowledge. The weather and clothes problem for cognitive disabled people was discussed in detail
and use of Smartphone for selection of appropriate clothes was debated. In this session some other needs
were indentified from the teachers and caregiver and cognitive disabled students. The important needs
were identified by participants during PD sessions which are given below and these can be considered for
future work while designing a full system of support for these types of users. These requirements from
users can be considered for future system:


They want assistive technology to remind them TV program timings.



They need schedules and other activities in school (Memory, things in school, schedule).



They need calendars.



Shopping lists.



Recipes help for cooking in kitchen.
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Weather/ clothes: They required assistance in order to select appropriate clothes with respect to
outside weather conditions.



They need help for transportation plans.

The Purpose of PD workshop was to Structure the information usable for cognitive disabled students. For
this purpose scenario of weather and clothes was considered. But other needs identified during this
session can be considered for future work on the same pattern which was followed in this research.
Mockups were used to find the appropriate structure of information for the scenario of weather and
clothes problem. Paper based prototype should be used to explore context and structure issues [74]. LowFidelity prototypes were used to select appropriate structure of information from a number of prototypes.
These prototypes were discussed in detail and different issues in structure of information were discussed.
6.2.3.1 Low-Fidelity Prototyping
This part of PD was to illustrate the paper based Low-Fidelity prototype to the participants of PD. The
prototype were designed in such a way that item in prototype should contain exact size as it will be in
end product and users should know the proper use of functions described in prototype. To support
cognitive disabled people in the selection of appropriate dressing according to weather conditions the
paper-based screen with required functions was created and pasted on Google Nexus S Smartphone.
The purpose was users can feel the originality in the prototypes and can comment on prototype, to make
the final prototype more usable.
6.2.4

Pluralistic Walkthroughs Evaluation

To perform fourth steps of PD, Low-Fidelity Prototypes were pasted on the screen of Google Nexus S
Smartphone to conduct Pluralistic walkthrough evaluation. The pluralistic walkthrough method of
evaluation is defined as “pluralistic walkthroughs are another type of walkthrough in which users ,
developers and usability experts work together to step through a [task] scenario, discussing usability
issues associated with dialog elements involved in the scenario steps” [77],[74].
Weather and clothes scenario was divided in two screens, users have to navigate between two screens to
complete their task. First screen was used to provide a selection screen; user can use this application
throughout Blekinge Municipality. After the selection of location user can see the screen which shows the
suggested clothes according to outside weather conditions. Our goal to evaluate the Low-Fidelity
prototype was to find the appropriate structure of information to be displayed on the screen. The
information display should make sure that relevant information is available and format is appropriate.
Four paper-based prototypes were tested and we came to know some designs were easy to understand and
operate for testing panels. We identified that some prototype proposed designs were properly translating
the workflow of cognitive disabled. The participants list for walkthrough evaluation is given below:
Participants
Participants 1
Participants 2
Participants 3
Participants 4

Profession
Student
Student
Student
Student

Age
16
20
18
19

Gender
Male
Female
Male
Female
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Participants
Participants 5
Participants 6

Profession
Age
Student
17
Student
21
Table 9: Participants list

Gender
Male
Male

Figure 11: First Screen Layout

The 1st Design was simply text based and we found that testers were thinking
about the meaning of text, and they took too much time to understand the
things. The language used for text was their mother tongue, but they have
problem in understanding the exact meaning of the text in our context.

Figure 12: 1st Design

The 2nd Design was consist of pictures, again the user were stuck at some
places to understand the instructions on the screen. They were not aware of
these pictures in their daily life, but they can recognize these pictures up to
some extent. Users were unable to conclude something from some of these
pictures.

Figure 13: 2nd Design
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The 3rd Design was made of text with appropriate pictures which was a
combination of first two designs. It made easier to understand the meaning of
text with respect to pictures and vice versa. The users were feeling more
comfortable as compare to first two prototypes.

Figure 14: 3rd Design

The 4th Design was amendment of 3rd Design and outside weather conditions
were displayed on the screen above the suggestions regarding dressing. It
made easier for some of the people to understand the situation.

We discussed all of the designs with the participants. We requested them to
compare and grade the each prototype design in term of Simplicity,
Accessibility, Easy to learn and Structure of information with respect to
workflow. The participants were asked to grade (1-5) for each feature of the
proposed design prototype, where 5 was the higher value and 1 was lower
value. The opinion of participants about the all designs was considered and
their average value is given below in table.
Figure 15: 4th Design

Proposed
Designs
1st Design
2nd Design
3rd Design
4th Design

Simplicity Accessibility Easy to Learn
2
3
4
4

Structure of Information
w.r.t Workflow
3
2
3
3
2
2
2
3
4
3
4
4
Table 10: Opinions of End user about Design

The 4th Design was one of the most suitable designs in the opinion of participants. We also discussed
other possibilities to know their opinion. The caregivers, teachers were more convinced that this type of
interfaces can be suitable and will be helpful for the selection of appropriate clothes according the current
weather displayed on the screen. There are some suggestions from participants which are described in
following section.
6.3 Suggestion
The order of the tasks can be of importance because it can create trouble for the target group. For example
if a cognitive disabled person wears shoes before wearing jeans, it can be problematic Text and pictures
should be relevant with each other, so users can understand the instructions of prototype correctly and
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easily Sound related solutions can’t be appropriate for large population of cognitive disabled. Because
different individuals have different understandings and processing speed and this type of solution can be
suitable for some individuals.
6.4 Discussion and Summary
The participatory design can be used to structure the information for cognitive disabled. The involvement
of cognitive disabled can increase their understanding and acceptability of design. After discussion with
the participants of participatory design workshop and walkthrough evaluation from cognitive disabled
participants 4th design was selected among all designs. On the basis of this selected design a high fidelity
prototype for “weather and clothes” scenario was implemented which is described in next chapter.
6.5 Validity Threats
The validity threats related to the Participatory Design Workshop are described below.
6.5.1 Internal Validity Threats
There was a threat during participatory design workshop that some participants can influence the design
selection process. To solve this situation all the participants were provided equal chance to give their
opinion. They were provided a chance to select appropriate design using walkthrough evaluation. All the
participants were provided equal chance for selection of appropriate design.
There was a threat of language because some of the participants were not able to speak English. To
overcome this problem all the mockups were designed using Swedish language and supervisor of the
study was there to help during the discussion.
6.5.2 External Validity Threats
There might be threat regarding the generalization of the study due to the small number of participants in
participatory design workshop. To handle this threat other we tried to include possible stakeholders i.e.
teachers, caregivers and disabled students were included in participatory design. But still it can be a threat
for the external validity.
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Chapter.7: PROTOTYPE IMPLEMENTATION AND
EMPIRICAL EVALUATION
This was EU VET 4D project to find solutions to support and facilitate cognitive disabled in their daily
life activities. Sebastian Andersson was working as system developer in the project. The 4th design
selected through participatory design was implemented. During implementation Google Nexus S and
android platform was used, because it is open source and many android based applications are being
developed now-a-days. The people with disabilities are neglected because the purpose of companies is to
generate revenue. In this project the target group was consist of young cognitive disabled and purpose
was to facilitate them through common devices like Smartphone.
The prototype was developed on the basis of appropriate structure decided through Participatory Design
and was implemented. The NFC technology feature was used to run the application instantly by just
touching the NFC enabled Smartphone with tag. The advantage can be easy to run an application and
number of steps can be controlled in the navigation. It can facilitate them to accomplish their task through
special designed applications.
7.1

Prototype Working

The prototype works in two steps, first of all user of the application have to bring Google Nexus S with
installed “application for weather & clothes” near the NFC tag (which has URL of application).
Application starts and geographical selection can be made to get weather information from the site
www.yr.no . The weather data is used to decide about the appropriate clothes. This final selection of
clothes is displayed on the screen of Smartphone with text and pictures.

www.yr.no
Weather info with respect to location
Scan NFC tag to initiate weather &
clothes application

Selection of appropriate clothes:
Get current weather
information
Appropriate clothes
with respect to weather
are displayed on screen

Figure 16: Working of Prototype

43

It is possible solution based on advantages provided by Smartphone to
support appropriate dressing for different weather conditions. This
application is proof-of-concept and a step towards independence. To make
interaction easy NFC is used to run the application just touching the NFC tag.
The application considers the current weather condition and provides
suggestion for appropriate dressing. The user of application has to select
geographical location shown in Fig #17 and weather condition is provided to
user with suitable clothes shown in Fig #18. The information is presented in
text and pictures to make understanding for the users. The NFC tag can be
placed on appropriate location to run the application instantly. The user can
get benefit through reducing navigations in the application.
Figure 17: Geographical
Selection

7.1.1 Technical Details
This application can run instantly by touching the Smartphone with NFC tag.
It provides option to select Ronneby, Karlskrona and Karlshamn as location
of user. As a result it provides most suitable dressing with respect to current
weather. The suggested clothes with weather condition are displayed with
text and picture in a simple way on the interface of Smartphone. The pictures
used in the application were taken from www.inprint.se and weather
information from www.yr.no with their prior permission.

Figure 18: Weather
condition & suggestion
of most suitable clothes

7.2

Prototype Evaluation in Real Environment

To see the usefulness of prototype developed to support cognitive disabled in their daily life was tested
with end users in their natural environment. The participants were trained to understand the pictures being
used in the application; they were able to understand the meaning of pictures being displayed on
Smartphone screen. They were told about the use of application before using it. To test NFC enabled
Smartphone application for appropriate selection of clothes according to outside weather condition, 6
participants were selected. These all participants were living in boarding. Their ages were between 16-21
years, they have variable cognitive disabilities. For cognitive disabled it is hard to understand the situation
in new environment, to overcome this problem laboratory environment was not used. The setup for
testing the Smartphone application was established in their room, in order to provide them comfortable
environment. Assistive devices are designed to support individuals considering their capabilities. But this
weather and clothes application was relevant to the daily life activities and can handle more diverse span
of population. The second reason to test application in their own environment was to feel them easy in
recognizing their dress. This testing was done to observe the problem they face while using this
application. The NFC tag was attached on wall near their dressing cupboard and they were provided
Google Nexus S with installed application.
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7.2.1

Observation

Most of the participants were able to complete their dressing according to the suggestion provided by the
application. They were seeing again and again on the screen for next step. They were not able to
remember multiple steps to perform their activity. There were some technological issues observed during
the testing of application in real environment. For interaction while they touch the Smartphone with NFC
tag, the application was launching again and again which was creating problem for them. The second
problem was with severe cognitive disabled were slow in performing the steps and when they want to see
the next step on screen the Smartphone screen was going into off mode.
7.3

Empirical Evaluation through Focus Group Interview

Focus Group research method is same as interviews and many interview guidelines can be applied for
focus group [78]. “The focus group (FG) is a research technique that collects data through group
interaction on a topic determined by the researcher” [79].This is a qualitative method to collect data from
a group of people; they are involved in discussion or group interview on a topic [80]. The size of FG can
consist of 3-12 participants. FG can provide personal perceptions of participants about a research area.
The purpose is to get opinion of people about the NFC enabled Smartphone application for appropriate
selection of dressing. The focus group follows specific steps which are described in guide to advance
empirical software engineering [57].These are the steps in focus group.
7.3.1

Research Planning

Problem definition: This research method can be used for initial feedback about new concepts and their
presentation. The role of focus group was to explore Smartphone application and discuss their opinion
about usability, simplicity, easy to understand and their perception and acceptance of NFC enabled
Smartphone application for the support of people with cognitive disabilities.
7.3.2

Designing of Focus Group

Two focus group interviews were conducted, the participants of first focus group were cognitive disabled
students and the participants of second focus group were teachers and caregivers.
1. Focus Group interview with cognitive disabled
2. Focus Group interview with teachers and caregivers
7.3.2.1 Selection of Participants
1.

First Focus Group participants: The first focus group consists of cognitive disabled students
from a school and they were real representative from the subjects. The selected subjects were new
users and they did not participated in the prototype evaluation in real environment. The list of
participants is given below:

Participants
Participants 1
Participants 2
Participants 3
Participants 4

Profession
Student
Student
Student
Student

Age
16
20
18
19

Gender
Male
Female
Male
Female

45

Participants
Profession
Age
Gender
Participants 5
Student
17
Male
Participants 6
Student
21
Male
st
Table 11: List of 1 Focus Group Participants
2.

Second Focus Group participants: The second focus group was consists of teachers and
caregivers of the school. They were aware from cognitive disabled capabilities, disabilities and the
problem they face. The participants list is given below:

Participants
Profession
Age
Gender
Participants 1
Teacher
40
Male
Participants 2
Caregiver
45
Female
Participants 3
Teacher
38
Male
Participants 4
Teacher
41
Female
nd
Table 12: List of 2 Focus Group participants
7.3.3 Conducting Focus Group Sessions
For each focus group interview 2 hour long sessions were conducted with the participants and the purpose
was to evaluate the prototype with respect to usability, user interface, interaction and steps in
applications.
For first half an hour prototype was provided to the participants of the focus group. They explored the
application more than twice and they were told about the context of use for the application. The structured
focus group interview questions were asked from the participants by providing all of them equal
opportunity to answer. The focus group interview questions are given in Appendix (D).
Moderator: Most of the participants of the focus group were able to speak Swedish, but some of them
can also speak English. To tackle this situation Dr. Jenny Lundberg worked as moderator.
Data Capturing: The sessions were audio recorded and some important notes were taken during the
sessions.
7.3.4

Data Analysis and Result Reporting

The focus group interview questions were transcribed by using audio recording and observer notes during
the discussion. The transcribed focus group interview can be found in Appendix (D). The grounded
theory was used to analyze the data obtained from focus group discussions.
7.3.5

Discussion and Summary

In both focus groups most of the participants were agreed that application was easy to use. Some of them
told in the beginning they experienced some problems. But overall they were agreed that their experience
was good with the application from usability point of view. Both focus groups were agreed that this
application is not much complicated and people with cognitive disabilities can use it. Their opinions
about the simplicity of application were positive. They told that text used and symbols were appropriate
for understanding of cognitive disabled. There opinion about the NFC interaction was very positive and
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they said the NFC technique is interesting and easy to start application instead of starting an application
using menus.
They were satisfied from the item displayed on the screen and their order was appropriate from their point
of view. But they suggested it can improve by using pictures of dress rather than displaying the body
parts. The Cognitive disabled will be able to recognize the pictures of recommended clothes in better
way. Another suggestion from teachers and caregivers was to reduce the number of steps in the
application can improve its usability.
7.4

Validity Threats

The validity threats related to the focus group are described below.
7.4.1 Internal Validity
There may be possible threat of poor designed interview questions which can affect the results of the
study. To mitigate considering important point from literature and focus group interview questions were
discussed with supervisor before focus group interviews. There might be another threat about the Swedish
language. To overcome this problem moderator during the focus group interview was able to speak
Swedish and English both languages.
7.4.2 External Validity
There might be a threat that inappropriate selection of subjects for focus group can lead towards the
wrong conclusion. To overcome this problem the participants were selected from cognitive disabled for
one focus group. For second focus group teachers, caregivers were selected and they have daily life
experience with cognitive disabled students.
There might be a threat due to unsupported environment if any country or place where ICT infrastructure
is not appropriate. For example internet service are not available, online weather is not available. The
number of participants during the study was limited and it is hard to generalize this study. But these types
of applications can be developed considering more participants.
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Chapter.8: EPILOGUE
This chapter describes the conclusion and discussion, answers to our research questions and furthermore
discuss about the future work of our research work.
8.1 Conclusion and Discussion
In this study, a novel idea for using NFC enabled Smartphone to support cognitive disabled was
introduced and validated. First of all, systematic literature review was conducted to identify the issues to
be considered while supporting cognitive disabled persons through technology.
The purpose of study was to understand how NFC enabled Smartphone can be used to support cognitive
disabled. In this study specifically how it can be used to provide suggestion of appropriate dressing for
cognitive disabled. The important points were identified through systematic literature review and were
followed throughout the study i.e. awareness of abilities, disabilities and needs of users, simplicity in UI,
involvement of the users in design process, usability and accessibility of application.
To know the abilities, disabilities and needs of cognitive disabled were achieved through survey from
cognitive disabled and interviews from staff of high school for cognitive disabled involved in support
were conducted to know their experiences and knowledge about cognitive disabled population. To
involve the users in the design process people from subjects were involved in participatory design
workshop. The purpose was to structure appropriate information to be displayed on the screen of
Smartphone for cognitive disabled. Mockups were used in the designing of interfaces for the Smartphone
application and weightage was given to the feedback provided by the cognitive disabled.
In the last step, the suggested design was implemented and high fidelity prototype was evaluated by the
End users. During the implementation of prototype NFC technology was used to run an application
instead of using already menu based technique to run an application. The NFC enabled Smartphone
application was developed by using android platform for the selection of appropriate dressing according
to the outside weather conditions. There was no existing research in this area according to our knowledge.
The NFC feature to run an application for cognitive disabled was used to make the use of application easy
for them. This research was validated through user evaluation in real environment and focus group
interviews with cognitive disabled students and their teachers and caregivers. The results of focus group
interviews provided a positive feedback from the participants. This application can provide us a step
forward to support this neglected group of people and more applications can be developed and tested.
8.2 Answers to Research Questions
The results of relevant research questions are mapped in this section.
8.2.1 Research Question -1
What are the issues to take into concern when supporting the workflow of a person with cognitive
disabilities?
The Research Question#1 was answered through systematic literature review. For “weather and clothes”
application steps identified from the SLR were followed completely or to support the workflow of
cognitive disabled people. The identified important issues which should be considered for them can be
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seen in Section 4.1.3. The survey and interview (user study methods) were used to understand abilities,
disabilities and needs of cognitive disabled. The results of survey and interviews can be seen in Sections
5.1.5, 5.1.6 and section 5.3.8 respectively.
8.2.2 Research Question -2
How can information be structured and displayed in order to support person with cognitive disabilities
while performing their everyday tasks?
To answer Research Question#2, the participatory design workshop was used to structure the information
by involving cognitive disabled in designing process. In section 6.2.3.1 Low-Fidelity Prototype was used
to identify the problem in different designs. All the possibilities were discussed and user feedback
through the pluralistic walkthrough evaluation in section 6.2.4 was considered for structure of information
and designing of interfaces. Furthermore, details can be found in Section 6.4.
8.2.3 Research Question -3
How can NFC be used and implemented for persons with cognitive disabilities in the task of deciding
what clothes to wear when going outside?
To answer Research Question#3, the NFC technology in Smartphone can be used to run the application
by just touching the NFC tag. The details of NFC technology can be found in sections 2.3.4.3, 2.6. The
implementation of application and technical details are provided in section 7.1. For validation user
evaluation in real environment and focus group interviews can be seen in Section 7.2 and Section 7.3
respectively.
8.3 Future Work
This section describes the future research possibilities to extend and improve the results of our research
work. This study was conducted in the south of Sweden by involving young people with cognitive
disabilities. It is difficult to generalize the results of this study for all regions of Sweden or all groups of
ages. This study can be improved by involving people with different age groups and different areas of
Sweden to extend the project considering missing factors. We will like to extend this project for other
applications, which can assist cognitive disabled in their life. The sound related feature might be included
in NFC enabled Smartphone applications. The new applications can be related to the cooking, traveling
and for way- finding etc. Furthermore, the country infrastructure and facilities should be considered while
designing new Smartphone applications for cognitive support.
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APPENDIX
Appendix A: Systematic Literature Review

Study type

Research
Methods

Participants of
study

Study area

Sr. No
1
2
3
4
5
Total

Specific Information Relevant to our Selected Articles
1. Academic
2. Industrial
3. Thesis
1. Experiment
2. Survey
3. Case study
4. Interviews
1. Professional from industrial
2. Researchers
3. Students
4. No of participants
1. Issues of cognitive disabled people
2. Barriers of cognitive disabled people
3. Workflow in their daily life activities

Results from Selected Electronic Databases
Database
No. of Results Found
IEEE
916
Google Scholar
7240
Compendex
81
ACM
455
Inspec
74
8766

Data Item
General
Information

Relevance

Background

% Of Results
10.45%
82.59%
0.92%
5.20%
0.84%
100%

Data Extraction Form for collecting data from SLR
Extraction Criteria
Value
Title
Abstract
Year
Empirical Study
Yes
No
Related to Computer Science

Yes

No

Social science

Yes

No

Medical

Yes

No

Method

Survey
Interviews
Experiments
Case Studies
Others
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Data Item

Extraction Criteria
Subjects of Investigation

Background

Study

Focus of Study

Findings

Issues
Solution
Failure/success
Recommendations

Sr.no:
1
2

Reference No
[3]
[4]

3

[14]

4

[24]

5

[59]

5

[60]

6

[61]

7

[62]

8

[63]

9
10
11

[64]
[65]
[66]

11

[67]

12

[68]

Value
Students
Old people
Industry
Control Experiment
Industrial
Issuse Of cognitive Disabled
Assistive technology
Compensatory technology

Selected Research Articles for Performing SLR
Publish Year
Selected Articles
2006
HCI and cognitive disabilities
2008
Assistive technology for cognition Understanding the Needs of
Persons with Disabilities
2009
Assistive Smartphone for people with special needs: the
personal social assistant
2006
Desperately seeking simplicity: how young adults with
cognitive disabilities and their families adopt assistive
technologies
2008
Portable and mobile systems in assistive technology,”
Computers helping people with special needs
2008
Evaluation of cognitively accessible software to increase
independent access to cell phone technology for people with
intellectual disability
2007
Understanding mobile phone requirements for young adults
with cognitive disabilities
2009
A cooking support system for people with higher brain
dysfunction
2006
Picture planner:: a cognitively accessible personal activity
scheduling application
2007
Just Ask: Integrating Accessibility Throughout Design.
2005
HCI for people with cognitive disabilities
1998
Ergonomic Requirements for Office Work with Visual Display
Terminals (VDTs): Part 11: Guidance on Usability
1995
Readings in Human-Computer Interaction: toward the year
2000
2005
Caregivers, cost, and complexity: Understanding technology
usage by individuals with cognitive disabilities
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Appendix B: Survey Questionnaires
Survey Questionnaire
For Cognitive Disabled People
All information provided in this survey is confidential and will be used for research purpose.
Demographic Information
You’re Age:
Gender:

Male

Female

You live yourself?
Yes

No

Do you live in a Boarding?
Yes

No

Do you have a Support Person /Assistance?
Yes

No

Stay at home with parents?
Yes

No

How many Siblings you have --------- they tend to help you?
Yes

No

Sometimes

Q.1: Which electronic devices you have used in your life?
Mobile Phone
Smartphone
PDA
Laptop/ PC
Others/Handy
Q.2: Which type of cell phone you are currently using?
Mobile Phone
Smartphone
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Q.3: Which electronic device you would like to use more (select 1,2,3,4 where 1 has more priority
and 4 have low priority)?
Smartphone
Laptop/ PC
Cell phone
PDA
Q. 4: Which cell phone/ Smartphone features you are aware of?
Bluetooth
RFID
NFC
Q.5: What is the purpose of using Cell phone/ PDA/ Smartphone?
Play Games
Calendar
Reminder
SMS
For Calling
Receiving Calls
Q.6: Which type of cell phone/ Smartphone you like?
Nice and entertaining
Multifunctional
With limited function
With single color Screen
With multi color Screen
With animations and pictures
Q.7: How do you feel when you use cell phone/ Smartphone with advance features?
Feel good
Feel proud
Don’t feel good
Feel more independent
I feel I am just like other people
Q.8: Do you forget in the middle of thought while performing or planning any task?
Sometimes
Most of the times
Never
Q.9: How you plan and execute your activities?
I plan myself
I can’t plan myself
I remember necessary things
I can’t remember necessary things
My teachers/ caregivers/ parents guide me
Q.10: How you get information about weather?
From TV/ Internet
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Open the Door/ window and feel outside weather condition
Look at the thermometer
Parents/ Teachers/ Caregivers help me
Q.11: How do you decide which clothes you should wear when you go out?
Go out from apartment and feel weather conditions and decide
My Parents / Teachers/ Caregivers guide me which clothes to wear
Get information from Internet/ TV and decide
Q.12: Which type of support you use for planning, scheduling and decision making?
Write down on a paper
My Parents / Teacher/ Caregivers remind me
Use reminders
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Results and Analysis of Questionnaires
Demographic information
Questions
Age

Answers
Count
Less than 20
20 or above
Gender
Male
Female
Where do you live?
Live your self
Live in boarding
You have a support person/ assistance
Stay at home with parents
Do you have siblings? Yes
No
Do your siblings help Yes
you?
No
Sometimes
Table 14: Demographic information

Questions
1. Which electronic devices you have
used in your life?

2. Which type of cell phone you are
currently using?
3. Which electronic device you would
like to use more (select 1,2,3,4 where 1
has more priority and 4 have low
priority)?
Smartphone
Laptop/ PC
Cell phone
PDA
4. Which cell phone/ Smartphone
features you are aware of?
5. What is the purpose of using Cell
phone/ PDA/ Smartphone?

Use of Technology
Answers
Mobile phone
Smartphone
PDA
Laptop/ PC
Other/ Handy
Mobile phone
Smartphone
1

7
36.84% 6
5
26.32% 5
4
21.05% 4
3
15.79% 4
Blue tooth
RFID
NFC
Play games
Calendar
Reminder
SMS
For Calling
Receiving Calls

Percentage (%)
84.21%
15.79%
78.95%
21.05%
0.00%
31.58%
31.58%
68.42%
68.42%
31.58%
21.05%
47.37%
31.58%

16
3
15
4
0
6
6
13
13
6
4
9
6

Count
18
4
1
18
2
16
3
2

31.58%
26.32%
21.05%
21.05%

3

3
6
6
4
7
0
0
11
6
5
8
13
17

Percentage (%)
94.74%
21.05%
5.26%
94.74%
10.53%
84.21%
15.79%
4

15.79% 3 15.79%
31.58% 3 15.79%
31.58% 4 21.05%
21.05% 8 42.11%
36.84%
0.00%
0.00%
57.89%
31.58%
26.32%
42.11%
68.42%
89.47%
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Questions
6. Which type of cell phone/
Smartphone you like?

7. How do you feel when you use cell
phone/ Smartphone with advance
features?

Questions
8. Do you forget in the
middle of thought while
performing or planning
any task?
9. How you plan and
execute your activities?

10. How you get
information about
weather?

Answers
Count
Nice and entertaining
Multifunctional
With limited function
With single color screen
With multi color screen
With animations and pictures
Feel good
Feel proud
Don’t feel good
Feel more independent
I feel I am just like other
people
Table 15: Use of Technology

12
6
5
4
13
8
10
7
6
9
8

Abilities, Disabilities and Needs
Answers
Count
Sometimes
5

Percentage (%)
63.16%
31.58%
26.32%
21.05%
68.42%
42.11%
52.63
36.84%
31.58%
47.37%
42.10%

Percentage (%)
26.31%

Most of times

7

36.84%

Never

8

42.10%

I plan myself
I can’t plan myself
I remember necessary things
I can’t remember necessary things
My Teachers/ Caregivers/ Parents guide
me
From TV/ Internet

8
11
7
11
12

42.11%
57.89%
36.84%
57.89%
63.16%

8

42.11%

7

36.84%

5
9
7

26.32%
47.37%
36.84%

9

47.37%

8

42.11%

9
11

47.37%
57.89%

4

21.05%

Open the Door/ Window and feel
outside weather condition
Look at the thermometer
Parents/ Teachers/ Caregivers help me
11. How do you decide Go out from apartment and feel weather
which
clothes
you conditions and decide
should wear when you My Parents/ Teachers/ Caregivers guide
go out?
me which clothes to wear
Get information from Internet/ TV and
decide
12. Which type of
Write down on a paper
support you use for
My Parents/ Teacher/ Caregivers
planning, decision
remind me
making and execution?
Use reminders
Table 16: Abilities, Disabilities and Needs
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Appendix C: Interview Questions
Q.1: What kind of organization it is?
Q.2: How you select the cognitive disabled students?
Q.3: How you group them? Do you use any specific criteria?
Q.4: Where do they live? Do they live in boarding or at home with parents?
Q.5: What you think up to which extent they are aware of using electronic devices, like cell phones,
PDAs, computers, handy, Smartphone and laptops?
Q.6: What are the basic purposes of using these electronic devices? While performing their daily life
activities?
Q.7: How do they plan and remember the things in daily life? What kind of memory Aids they use for
remembering and planning i.e. write on paper, diary, use cell phone reminders etc?
Q.8: How cognitive disabled students feel when they use electronic devices with advance features?
Q.9: Do they feel problem in planning, remembering and their execution?
Q.10: How often they face these problems in their daily life and how they solve it? They

solve

themselves or get help from teachers, parents and caregivers?
Q.11: How do they manage their activities like traveling, shopping and cooking etc?
Q.12: Can you explain some of the common problems they face in their daily life activities? What kind of
problem they are?
Q.13: How cognitive disabled students wear clothes according to outside weather conditions?
Q.14: What you think a Smartphone can be helpful for their daily life activities (i.e. cooking,
remembering, planning etc)?
Q.15: Do you think use of Smartphone with special design applications can be helpful for cognitive
disabled people?
Q.16: Any other important thing you would like to share?
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Transcribed Interviews
Interview 1
Interviewee
Name: Kjell Lindberg
Designation: Deputy Headmaster
Organization: Ronneby Municipality
Email address: kjell.lindberg@ronneby.se
Date: March 16, 2012
Start Time and End Time: 11:15am to 12:00pm
The contacted person for interview was Mr. Kjell Lindberg, currently working as Deputy Headmaster in
Ronneby Municipality. He has experience dealing with the cognitive disabled students regarding their
daily life activities.
Transcribed Interview
He explained procedure followed by them for recruitment of cognitive disabled students and thorough
working of their organization. They divide the students in groups, some students’ get vocational training
but some of them just learn how to manage their life themselves. Most of the students live with their
parents and some live in boarding. These students with special needs face a lot of problem as compared to
non disabled students.
In the start of interview, issues faced by cognitive disabled students in their daily life were discussed.
According to him, the main problem that is faced by cognitive disabled students is they can’t remember
things, understand or analyze the situation properly. Most of the time they require assistance in their daily
life matters. He mentioned that some of the students were using handy to help themselves. He told us that
these disabled students are aware of using mobile phones, computers and most of them have these devices
at home or school at least. They can use simple function of mobile phone and computers. But task based
use of these devices for this target group is difficult. He also told that different students face different
problems and it depends what they are going to do, their needs for help are individual. Some students
require help for whole day but some of them need help occasionally and it is quite impossible to describe
the situation exactly. But they required help on daily basis in one form or in other. He told us that their
goal is to make these cognitive disabled students to be able to take care of themselves.
According to him, some students live in their room but they don’t know what to do at specific time and
they require help from caregivers in these situations. He told that there are approximately 50 students and
the organization has 25-30 teachers and caregivers to support them. Individuals use different methods for
planning, remembering, decision making and execution of their tasks. Some of them have schedule in
written or in picture form but still they need assistance to perform their tasks properly. Even some time
they forget in middle of activity and they can’t understand, analyze and decide what they should do in this
situation. Some of them are angry and sad in these circumstances but some don’t bother at all.
He pointed out that these students face problems at different points in their daily life because environment
doesn’t support them. They can learn and manage their daily life tasks up to some extent, but unexpected
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or rapid changes in environment become more difficult to be handled by them. This portion of population
is neglected normally, they required continuous care and help from parents and community. He
mentioned that students have to work outside while getting vocational training. If they are not properly
dressed it can be difficult for them and they have to live in harsh weather. It is difficult to train them in
this matter due to unexpected variation in weather conditions.
He explained that cognitive disabled people like to use standard devices as other people do in their lives.
They don’t like those devices which make them different; Smartphone can be a possible cognitive support
for them. They want to be like an ordinary person, but it is difficult for them to use off-the-shelf devices.
Amendment in these devices can be helpful to make use of Smartphone for their benefits, they can be able
to use these advance technologies devices. He told that in school they have two training kitchens to train
them in cooking. They learn how to shop for this purpose they use handy or picture planner. Even still
they required help at some occasion.
He suggested that the Smartphone specific application and training about their use can be more beneficial
in their daily life activities. But most of the students don’t have Smartphone and they don’t know the use
of Smartphone to make their daily life easier.

Interview 2
Interviewee
Name: Ingela Berg
Designation: Headmaster
Organization: Ronneby Municipality
Email address: ingela.berg@ronneby.se
Date: March 19, 2012
Start Time and End Time: 10:00am to 10:40am
The interviewee was Miss. Ingela Berg; currently she is working as Headmaster in Ronneby Municipality.
She is responsible to provide the facilities and administration of all schools for cognitive disabled students
within the Municipality.
Transcribed Interview
During the interview she gave us brief introduction about the organization how they were providing help
to the cognitive disabled students. She told us that there are four sections in this organization, 1- Primary
School, 2- Secondary School, 3- Higher Secondary School and 4- special team to facilitate or support the
cognitive disabled students. All the students are placed through specific criteria. She told us they do
investigations and select the cognitive disabled students through a proper procedure. She added that at
Higher secondary school students have boarding facilities but most of them live at their home with their
parents.
She said that most of the cognitive disabled students can use the mobile phone devices and some of them
use handy to manage their life. Some students also use pen for reading the text which helps them in
reading text. Those who have handy they use it for remembering and planning. Some of the students use
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cell phone for this purpose as well. Some students use paper and dairy to write their tasks for
remembering. But still some of them need help to remember, plan and execute their plan.
According to Ingela Berg, these cognitive disabled students feel good while they use electronic devices
like other normal persons and they think they are just like other people. They want to show to others and
want to be like others. She added that Smartphone can be better option for help because they will feel they
are not different from normal persons. She said that cognitive disabled students face problems more or
less on daily basis. They must know and choose the things important for them. She told us that they
provide training for cooking; shopping and cognitive disabled students are able to cook and shop
themselves, but still they require assistance.
She explained some of other problems faced by cognitive disabled students. Their interaction with stove
creates problems for them because they can’t understand the ON/OFF button of the stove and it creates
problem for them. She also added that some students also face problems in dressing according to their
outside weather conditions. They face problem because they don’t know outside weather temperature. It
also depends on the purpose of going outside for cognitive disabled students. She told us that during
vocational training students have to work outside the school and if they don’t use proper dress according
to the outside weather it can be harmful. She added that some of the parents dress their children’s wrongly
because they don’t understand the situation and problem exactly and some time parents don’t experience
about the harsh outside weather because they work or live inside their home or building for whole day.
There is much difference in weather while working in city and near the water.
She also mentioned some problems faced by cognitive disabled students regarding cleaning themselves
and their clothes. She told us that Smartphone can be used to support them in at least some of their daily
life activities cooking, remembering etc. But again they will require some help to program their activities
and schedule and it will be difficult for them to manage themselves.

Interview 3
Interviewee
Name: Carina Andersson
Designation: ICT Teacher
Organization: Ronneby Municipality
Email address: carina.andersson@ronneby.se
Date: March 19, 2012
Start Time and End Time: 11:00am to 11:45am
The contacted person for interview was Miss. Carina Andersson and she is an Information and
Communication Technology (ICT) teacher in Ronneby Municipality. Her responsibility is to facilitate the
students with special needs. She provides help to the student with difficulties to read and write and to
concentrate that are main issues.
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Transcribed Interview
She told that she works for Ronneby Municipality and provides solution and support to all the students
with special needs. She told some general information about the organization and its working but her
main focus area was ICT support either hardware or software. She said that most of students can use cell
phones and simple kind of electronic devices. But some of them have economy problem, because
economy doesn’t allow them to purchase expensive electronic devices.
She added that the purpose of using electronic devices for cognitive disabled students is to make their life
easier. She provided some examples from real life; she told that cognitive disabled students use pen for
reading the text. This pen can pronounce for them and can check the spelling as well. Basically contents
are more important for cognitive disabled students. If they don’t know the technique to read they can
listen the text. It also reduces the pressure of thinking on the cognitive disabled students because it is
easier to listen and understand rather than reading text. For remembering things they use a support system
which sends message on the mobile phone and students reply the message by ok. Another message goes
to his/her mother or assistant regarding any meeting with doctor or anywhere else with timing. So they
can help the cognitive disabled students.
She told that there are lot of students they need assistance to make them remember the things. They need
a person to tell them what to do and when to do. When they forget things it makes their daily life more
complex. She added that she met a lot of students they had not thought of using mobile phone, they were
surprised to know the use of mobile phone other then call and SMS and they don’t know the full
functionality of mobile phones. She told that some of the students use handy to manage their daily life
activities. They can buy things from market with the help of handy device and can know the remaining
amount.
Cognitive disabled students also use a plastic paper with pictures of item and they make their list with the
help of assistant and when they buy something they remove the picture from the list. This list contains
text with pictures and helpful to do things by themselves. She told that she met with different students
facing different problems. She added that it is very important for self confidence when machine tells them
(or guide them) not the person.
She quoted an example that today most of the people have iphone and it is natural. It can be used for SMS
for reminder and more than it. For cognitive disabled student it is difficult to operate these complex
devices due to their cognitive limitations. But to make them able to use these devices to assist them in
their life is a success. She told that students have no support system to choose appropriate clothes
regarding the outside weather and their parents or caregivers have to tell them. She told that she never got
such requirement from the students to provide them solution for weather and clothes scenario. It can be
useful idea if Smartphone can facilitate them in daily life. But there are no limits; Smartphone can be very
helpful for cognitive disabled students from her point of view. It will provide them feeling that they are
like rest of the people. They will feel that they are not different from other people. Because handy is a
special device to help cognitive disabled people which differentiate them from the ordinary people.
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Appendix D: Focus Group Interviews

Focus Group Interview Questions

Interview 1
Focus Group Interview Questions for Cognitive Disabled Students
Q.1: What you felt regarding the weather and clothes application while you used it first time? Was it
easy or difficult to use?
Q.2: What was your experience while you used this application second time? Was it easier than first
time? Did it improve your speed to perform the task?
Q.3: Was the functionality of application easy to remember? Did it decreased struggle to use the
application again?
Q.4: Was it easy to handle errors while using application?
Q.5: What is your opinion regarding the application?
Q.6: Is the information presented on the screen of Smartphone easy to understand?
Q.7: Are the symbols used in application easy to understand and helpful?
Q.8: Is the text used in this application easy to understand and useful?
Q.9: Is it easy to move from one screen to other?
Q.10: What you think about the interface of the application? Is it simple or complex?
Q.11: Is the suggested dressing provided by the application in appropriate order? Are dressing items in
right sequence?
Q.12: What you think about use of NFC tag to start the application? Is it easy or difficult?
Q.13: What you think all of you can use this application easily or not?
Q.14: What you think this type of application can provide more independence?
Q.15: What you think NFC technology is easy or difficult to use instead of using menus to run an
application?
Q.16: Would you like to use this application if resources are provided?
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Interview 2
Focus Group Interview Questions for Teachers and Caregivers
Q.1: What you think use of application can be easier while using it? Will it improve their speed to
perform their tasks?
Q.2: Is the functionality of application easy to remember? What you think it will be easy for cognitive
disabled to use it?
Q.3: What is your overall opinion regarding the application? Is it really helpful?
Q.4: What is your opinion about the layout of the application? Is it will be clear and understandable for
cognitive disabled?
Q.5: Are the symbols used in application understandable? Can these symbols be helpful for cognitive
disabled?
Q.6: Is the text used simple and meaningful? What you think with addition to symbol it can be helpful for
cognitive disabled?
Q.7: What is your opinion regarding limited navigation in the application? Can it be easy to use for
cognitive disabled to select among limited options?
Q.8: What is your opinion about interface of the application? Is it simple or complex?
Q.9: What you think order of the suggested dressing was appropriate? Can it be helpful for cognitive
disabled to wear clothes in order they are displayed?
Q.10: Is use of NFC technology an easy method to run an application? What is your opinion?
Q.11: What you think NFC technology can be helpful for cognitive disabled? Why?
Q.12: What is your opinion about NFC technology to start application instead of using menus in the
Smartphone?
Q.13: What you think NFC enabled application can be used for all cognitive disabled or can there be any
limitation?
Q.14: Would you like to add something more?
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Transcribed Focus Group Interviews
Interview 1
Interviewee
Focus Group: Cognitive Disabled Students
Organization: Ronneby Municipality
Date: April 18, 2012
Start Time and End Time: 11:00PM to 13:00PM

Transcribed Interview
In the beginning of interview, the discussed points were about the usability of the application. Most of the
participants were convinced that this application is easy to learn being a new user. Most of them told that
they were able to use this application first time and one of them told that it was difficult to use but with
some struggle she managed it.
They told that it was rather easier for them to use this application while they used it second time. They
told that the functionality of the application was not much complex and they don’t have to struggle much
to complete the task. They learned from their first time experience of using the application. It made easy
for them to use this application second time. During the discussion they mentioned that while they were
using this prototype first time and trying to understand its functionality they experienced unexpected
situations where the screen of the Smartphone went black. They have to unlock the Smartphone to get
information for next steps.
In overall, most of the participants were satisfied with application and some of them said that weather
information can be enough for them to guide about dressing. They said it was easy to use and a simple
application. They told that layout of the application was clear and understandable for them and symbol
used in application were easy to understand. One of the participant told that these symbols were confusing
for her. But most of them said these symbols also provide information and they were able to conclude or
guess some results. Their reply against the text was mixed and most of them told they can read text and it
was understandable for them. Some of them replied that they can’t even read the text. Their answers
about the navigation or steps to complete the task were positive.
Most of them said that they were able to reach on suggested clothes just in two steps. They didn’t have to
select much from the screen. They were able to complete their task in reduced number of steps. The
application provided them current weather conditions and suggested clothes. One of the participants said
this application can work for three cities but he lives in another place and he indicated that it will be not
possible to use this application at my home. They said that overall interface designs are simple. According
to cognitive disabled interfaces are not complex and they can understand. Their opinion about the display
of suggested items on the screen was appropriate. They told that symbols and text made them able to
understand the information in a better way but some of them pointed too much information on the
interface makes it more complex. Some of them also added weather condition displayed in the application
was helpful to think about the clothes.
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In the end discussion about the NFC interaction technique to run the application was asked. They liked
this technique and told that it is easier rather than using menus to perform any functionality. They have to
select the geographical location to get weather conditions and suggested clothes from the application. But
some of them talked about sound functionality should be added in the application.

Interview 2
Interviewee
Focus Group: Teachers and Caregivers
Organization: Ronneby Municipality
Date: April 18, 2012
Start Time and End Time: 13:00PM to 15:00PM

Transcribed Interview
Very in the beginning of the Focus Group interview points surrounding the usability of application were
discussed with the Teachers and Caregivers of the school. Most of them were agreed on this point that the
application is easy to use and for new user it can be useful. They expressed that it contains limited steps
and a proper way to run the application without any complexity. They told that, according to their
experience as the user will use it regularly, it will improve their performance with the passage of time.
Most of them were agreed that it completes its functionality in two steps which can be easy to remember
for the cognitive disabled. But they suggested proper training to use these types of applications can be of
importance for cognitive disabled.
Their overall experience with the application was satisfactory and they told these types of application can
be useful and amusing for young cognitive disabled. When we discussed the user interface of the
application their views was acceptable. They told that it was not difficult to understand the functionalities
of the application on the screen. All the information was expressed in such a way that cognitive disabled
can understand what does it meant by symbols. Even symbols used were not difficult to understand. But
they suggested that instead of showing body parts in the suggestion if clothes symbol are included, it can
be more appropriate. They mentioned that this application doesn’t provide any suggestion regarding the
gloves. Most of them told that text was easy to understand and combination of symbols and text makes it
easier to understand. Some of them pointed that sometime cognitive disabled can’t even read and it can be
difficult in this situation. When they were asked about the navigation in the application, most of them
were agreed that this application can complete it task in two steps. Which is acceptable but if it is reduced
to single navigation it can be more helpful and cognitive disabled can use without any hurdle. Most of
them argued that application is not complex but always there are chances of improvement.
When the order of displayed dressing was discussed, they replied that all the items were display in such a
manner that their order doesn’t create hurdle towards the completion of task in the application. Their
views regarding the NFC technique of interaction to start the application were positive. Some of them
suggested that NFC can be more helpful for severe cognitive disabled if overall steps in the application
can be more controlled. When they were asked that they will like to use this application for their school.
One of the teacher who have been working with cognitive disabled in outdoor environment, he told that in
rapidly changing environment and especially while seasons change from winter to spring or from autumn
to winter it can be helpful. Most of them were agreed that application of this type can be useful and can
provide help instead of continuous care from caregivers and parents. It can be a step forward towards the
independence of the cognitive disabled.
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