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Chapter 1. Introduction
1.1Introduction

This research projects aims to design and develop a dashboard prototype to allow for self
management of Chronic Obstructive Pulmonary Disorder (COPD) withyadéta recorded from an
activity monitor. Maintaining a consistent exercise pattern has been shown to improve the condition
and general wellbeing of individuals with CORarciaAymerich et al., 2006; Moy et al., 2009; Watz

et al., 2009) by improving their overall quality of life, and also potentially reducing the amount of time
required in hospal following an exacerbation. Being able to maintain a steady exercise or activity
routine has been shown to be difficult, from a selhnagement and behaviour point of view, and this

is where this research works comes in.

By recording daily activity datby using an activity monitpwhich isnot inthe scope of thisurrent

projec I LISNA2YQa RIAfe&e FOGA@GAGE LI GGSNya OFy oS
analysed and formatted to show the levels of activity over a period of time. Thisriafion is then

to be used to present the individual with a periodic report of their activity, in conjunction with how

they have felt over this period of time. These reports could be shared with health care professionals

with the aim of assisting the pati¢s to find a meaningful and achievable set of activities within the

bounds of their current condition, and becoming part of their-setinagement plan.

Combining the recorded activity data, and some questions relating to an individuals perceived
wellbeing, recorded through a Health Related Quality of Life (HRQoL) questionnaire or other set of
related wellbeing questions, it is hoped that such an interface would assist the individuals in
maintaining a daily activity regime, by engagthg userwith meanirgful information about their

activity levels, which in turn would benefit with the management of their condition.
1.2Background

Chronic Obstructive Pulmonary Disease (COPD), is a degenerative diseasengfsiieat is treatable
butnotcurabled d2 1 h u / KNRBYAO 206 aidNHzO0 A @ SCORPRII$ oftenyisetl®E RA a
an umbrella term gathering both chronic bronchitis and emphysémang with COPD, 2018OPD

is characterized as severe airflow limitations that is no fully reversible. The progression of the disease

is associated with an abnormal inflammatory response to airborne pollutants, such as cigarette smoke,

fossil and biomass fuels as well othercopational pollutantsThe airflow limitation that ensues is

typically caused by a mixture of small airway disease (obstructive bronchiolitis) and emphysema

(parenchymal destruction(Alvaro and Eva, 20Q7)
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Although COPD is not a wkhown conditon, the WHO estimates that by 2030, it will be thé 3
leading cause of death worldide (World Health Organization, 2008jreatmant for COPD is typically

a combination of pharmacotherapy regimenisicluding short/long bronchodilator and steroid
inhalers, nebulisers, long term oxygen therapy and in more extreme cases surgery which may include
lung volume reduction surgery (LVRS) anmd) transplantspulmonary rehabilitatiofNICE, 2010)n
addition to the above, pulmonary rehabilitation is also used to aid the patients to recondition their

muscles and lungs to deal with the condition.
1.3Research Questions and Study Aims

For this research, the author wishes to identify the components that would allow &désign of
useful interface to assist in the selfanagement of Chronic Obstructive Pulmonary disease (COPD).

In so doing establish the feasibility of such an interface for future development and research.

The research question for this study Is: it feasible to design a useful interface for COPD self

management?
This study aims to:

1. Establish if a sethanagement portal is of interest to both category of stake holders, nhamely,
patients and health care providers

2. What features in such an interface would considered beneficial

3. Establish the barriers or other factors, if any, which would make such an interface and associated
technology not palatable to the core users

4. Combine the results of the steps above to establish the usefulness and feasibility of such an

interface.

Identify the core components that would allow this study to be carried forwaia future research

work and developments.
1.4Overview of the Research

Toarrive at the findings presented in this study, a two phased approach was undertakerdéptin
literature analysis and review was undertaken, with a view of identifying the core aspects related to
components understood to be essential to answering thgearch questionThese key components

are listed in sectio.6. Additionally, from thditerature review,a questionnaire was devised &low

the participantsdentify the features and componenthat they would consider useful & prototype
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interface for seimanagement of COPD. This prototype would then be evaluated by the study

participantsand the results of this go towards answering the research question.

1.50verview of Dissertation

The structure of the dissertation is as follows

Chapter ¢ this chapter

Chapter 2 Research Methodology: This chapter will outline the process undertaken to arrive at the

findings presented.

Chapter 3¢ Literature Review: Thishapter presents the current state of research in the core areas

identified in this study. This will include

- Abackground in COPD as a medical condition, including the challenges faced by individuals
with the condition

- Physical activity as a treatment thed

- Physical Tracking activity Devices

- Selfmanagement

- Behaviour Change and motivational aspects

Chapter 4¢ Design and Implementation: This chapter will discuss the design and implementation

process of the interfacgfrom questionnaire development implementing the prototype interface.

Chapter 5¢ Findings and Resulté& breakdown of the results obtained through the various data

collection methods, and the significance of these results

Chapter6 ¢ Conclusion and Future Work: This chapter will draw bpr@vious chapters to form a
conclusion on the study, and based on this put forward a suggested course for future work that has

the potential of bringing this area of study forward.

1.6Conclusion

This opening chapter was composed to outline the flow ofdbeument to come, but also to frame

the research question and the background behind the study presented.

The following chapter will outline the rationale and process undertaken in the course of the

preparation of this dissertation.
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Chapter 2. Research andlethodology
2.1Introduction

This section will describe the method and approach taken in gathering the research material required
for this study.The basis of this study is to establish whether or not a user interface, can be considered
useful in assistingstuserdo selfmanage their conditionOf note here is the term usefulness versus
usable. The distinction is being made at this point to indicate that the research was guided to identify
useful components of the system, and not specifically how thesesit@are dsplayed and interacted

with on a screen.

Creswell(Creswell, 2003%uccinctly summarises the approach required in estaivigsh research

design strategy. Thespuestionsare summarised as follows:

- As aresearcher, what knowledge claims are being made?
- What will inform the procedures from a strategy of enquiry point of view?

- In data collection and analysis, what methods will be used?

Each othe three items listed above will be expanded upon in the sections that follow.
2.2Knowledge claimg Research Paradigm

Knowledge claimare also referred to as research paradigiResearch paradigms can be interpreted

as a particular philosophy by which oaems to answer a research questidfrom the outset, this

study was never going to be an entirely quantitative endeavour, as evidenced by the wording of the
research question. Thus the paradighat applied most to the intended course of research is the
constructivist paradigm(Mertens, 2014) or also called the interpretive paradignThe base
assumptions in this paradigm are that knowledge is built by an interaction between the parties
involved in the research process, namely the researcher and the person or people being researched.
Also that the world, full of complexitidser both parties needs to be understood from the standpoint

of the people living in this worl¢Schwandt, 2000)

2.3 Strategy of Enquiry

As noted in section 2.1 a strategy of enquiry, or as termed by Mertens (2@idjhodology, aims to

LINE A RS RANBOGAZY F2NJ NBASINOK LINPOSRdAINB&a® aSNI¢
research paradigm was coined to denote the fact that this paradigm was founded on the notion that

knowledge that we acquired from this reality was socially constructed. When examining the purpose
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behind the research question, it was deemed appropriate tokwaith this strategy of enquiry as the

knowledge sought, would be from an individual, but ye&social context.
2.4Data Collection and Analysis

Data collection and analysis is determined by the core research methods available to the researcher.
As statedby (FordGilboe et al., 1995Yyesearch methods should not be selected solely because of the
specific research paradigm cden, but more on the basis of what is believed to be a fit for the study

in question.
In the case of this particular study, the following research method tools were chosen.

- Literature review
0 To explore and understanthe state of the art in research irelation to the core
elements that make up the body of the research, as outlined in settion
- Questionnaires
0 Questionnairesbased on examples found in the literatuere devised to elucidate
the core componentsthat would contribute towards answering the research
guestion.
o0 Additionally the questionnaires were designed to extract the items that were deemed
to be most usefulo the participants in order to build the user interface prototype.
- Evaluation Questionnaire of prototypeterface
0 Having gathered the required information deemed to be potettiaseful, a
prototype interface is tde built. From an evaluation questioaire basedn this
prototype, response analysisill be made to provide the final set of data for

answering the research question.
2.5 Study participants
Participants will be chosen from two identified stake holder categories as listed beltabie2.1.

Table2.1 COPD Stakeholde(dordan, 2013)

Category Examples
Customers Advocacy groups, Support groups
Employees Respiratory Consultants, Clinicairse Specialists, Physiotherapists
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The concept of stakeholders comes from the work of James Cq&alel et al., 2014 His definition

of a stakehdler is as follows;

w»
)

Gryez2ysS gK2 KFa Fy AyuSNBad Ays 2N YLe +FF
(Pad et al., 2014, chap. 6)

Within the scope of this definition, Caddle formulates the stakeholder wheel, with a number of
categories of specific stakeholders, each of which have their own role in the project or enterprise
being worked on. Of the variedtiof stakeholders defined therein, only two of them are deemed to

be needed for this particular study. These two stakeholder groups are namely the Customer and the

Employee.

The members of the Customer stakeholder group are essentially the consumdrs pfaduct or

service being purveyed, or system being used. Their importance in the process is paramount to the
success of the enterprise, as without them the enterprise would not exist. They are defined as
stakeholders because anything that is done by whghange to the system or product that they use

has the potential to impact them. Change in this instance must be managed appropwaaiely
carefully so as not to lesthis particular stakeholdemhe second stakeholder group of interest in this
study isthe termed as the Employee stakeholders. These are defined as the people who work within
an organisation, and have a say in the way that an organisation or practice is being run, as this impacts

the services that they deliver.

As outlined inTable2.2, the Customer stakeholder group is being represented by the patients with
COPDThese people are clearly the customers here as they are the ones who wilitg the
proposed interface to manage their chronic disease. The Employee stakeholders here are the health
care professionals. They are defined as such because they too have a stake in this organisation that is
the provision of care from the healthcarecter to the patients, i.e. the customers and anything that

promotes change for them warrants their inclusion.
2.5.1 Participant Recruitment

Recruitment of the customer categowascarriedout via a visit to a voluntary COPD support group,
where an initial disgssion of the project descriptiotook place,and to establish if the group was

willing to participate.
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Stakeholders in the Employees categaare originallycontacted viaelephone,to establish interst
in taking part in the studyFurther to thisa meeting was had with the parties to discuss and explain

the background behind the study and to enrol them as participants in the study.

2.6 Literature review

As an initial part of the research process, high level research was cautitdidentify the main dpics

of relevance to the current course of studyhe core areas of interest are listedTiable2.2 below.

The areas listed form the primary areas of interest deemed necessary to understand and be
knowledgeablein the fields pertaining to this studyA literature review is defined as a thorough
summary and objective analysis of available, and relevant relsesrt¢he chosen topi¢Cronin et al.,
2008) Cronin et al (2008) furthemdd that the goal of a literature review is to britige reader up to

date with the current literature on a topic, but also to provide the potential justification fourtit

research in the cheen area.

Table2.2 Core Areas of interest in Literature review search

Area of Interest Learning Objectives

Burden of Care of COPD, Ireland and Worldw - To identify the costs, financial an
otherwise of thecaring and managin
the population with COPD

Benefits of physical exercise for COPD patier - To ascertain the assumptions ai
benefits and physical activity and
exercise for patients with COPD

State of the art of activity trackers - Establish the lay of #hland in terms of
types of activity and exercise tracke
and their use within the COP
population

Selfmanagement in relation to COPD - Establish the importance and benefit
having a selmanagement plan in
dealing with the day to day activities

COPD
Behaviour and motivation aspects for physi - Identify the core components that bot
activity in patients with COPD hinder and aid motivation in the COR

population. Additionally identify what i
being done to engage in behavio
modification to motivate patients to
engage in physical activity or exercise
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2.6.1 Search Criteria

To guide the data collection aspect of the literature review, a selection of keywords was chosen to
filter the search results. For the majority of all the searches, all terms were prepended with either
/' ht5 2N ¢/ KNRYAO hoaidMigtactiod& theseldeafch keywakds lRrkhe S| & S ¢

sections outlined iMable2.2 is shown below iTable2.3

Table2.3 Summary list of search terms

Area of Interest Search Keywordphrasesused

Burden of Care of COPD, Ireland and Worldw - o/ 230G 2F / ht5£¢32 ¢
GO0z2ai 2F O2LIR AY
62NI R6ARSE

Benefits of physical exercise for COPD patier - &/ ht physical SESNOA &S 4
gt 1AYy3IET a/ ht5

State of the art of activity trackers - a! OUA@AGE® 0 NI 01 S
iGN} O1TSNBéX aSESND

Selfmanagement in relation to COPD - a/hts5 -Y I{ 38If ':'S YSyi-§
Yyl 3SyYSyi f | ¢ &l
SRdzOF (A 2y &Gl I\dd@éht 5

Behaviour and motivation aspects for physi - a/ht5 Y20A0F0A2Yy4§

activity in patients with COPD OKIFy3Sés> a4/ ht5 Y32
G/ ht5 Y2U0AQ1F GA2Y L

The list of search terms and queries aboveasexhaustive, but aims to highlight the process involved

in searching for literature.
2.6.2 Sites and research materials used

The terms listed iMable2.2 were used across a range of different search engines. Initial searches
were made using both google and google scholar search engines. From the results gemethé=e
searches, initial pagrs were located and briefly reviewed for suitability for inclusion. Other search
engines used were the IEEEXplore site, Springer Link, ACM Digital Library, PubNaétlgtisevier,

and Scienc®irect.

Some of the content returned would not be consideradhite¢ research materialput would be

classified asgrey€ material, most notably reports, technical reports and findings from Government
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organisations, as well unpublished papers andtent from websites or articles on websitdis was
mostly the case in relation to material found on the current batch of consumer grade physical activity

trackers.
2.6.3 Inclusion and Exclusion criteria

Of primary importance for inclusion of research material was that the articles, papers and books had
to be in English, and related to the domain of COPD. In some cases, papers which reported on elements
of behaviour change or motivatiowere not specific to COPD, but related to diabetes, obesity or
cardiac rehabilitation programmes, but were includedtlie body of research as the content was

deemed beneficigland dealt with chronic disease management.

Primary exclusion criteria included material of a pharmacological nature, where drug treatments were
of prime stature within the study. These were exaddn the grounds that the assumptions made by
the researcher in this study was that such material and research work vibeuwtdnsiderably out of

the scope of the researcher to understand. Additionally, these resejuimals and conference

papershad vey little to no inclusion on aspects of physical exercise #inatthe core of thistudy.

Additionally, out of the returned results from direct searches, a large amount of additional research
material was identified through reading the references in thapgrs identified. These proved as
beneficial as the direct searches as they were directly relevant to the topics of interest already found.
A note must be made at this puithat this in itself proved dime consuming endeavour, as the
tendency was to follw up on as many of these potentially interesting references as possible. This
snowball effect, although beneficialiasalsodetrimental in terms of time, as a considerable amount

of time canand wasspent following referencediscipline is required toatl it a day when sufficient

amount of material has been gathered.
2.6.4 Breakdown of search results

Asummary table of the number of returned papers and research resources identified using the search

strategies outlined abovis listed inTable2.4.
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Table2.4 Count of research material found per main category

Area of Interest Number and types of results
Burden of Caref COPD, Ireland and Worldwig - 11 Journal titles
- 14 Web Page articles
- 1 book

- 4 reports (2 from HSE)

Benefits of physical exercise for COPD patier - 21 Journal titles
- 1 Conference paper
- 2 web page articles

State of the art of activity trackers - 8 Journatitles

- 14 Web page articles
- 3reports

- 4 conference papers

Selfmanagement in relation to COPD - 10 Journal titles
- 1 book section

Behaviour and motivation aspects for physi - 30 Journal Titles
activity in patients with COPD - 16 Conference papers
Totals (for the headings outlined here) - 70 Journal Titles

- 30 Web pages
- 21 Conference papers
- 7 Reports

In addition to the research material identified able2.4, a consiérable additional amount of
research material was identified in other are&f particular note in this discussion is the amount of
research material reviewed in order to establish the questionnaires used during the requirements

gathering phase of the pre¢t. These are listed ifable2.5, alongside additional categories reviewed.
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Table2.5 Summary of additional research material

Area of Interest Number and types of results
COPD Questionnaires - 34 Journal titles

- 1 book

- 12 Web pages
General research material on COPD - 34 Journal titles

- 12 Web pages

- 2 Reports

- 4 book sections
Integrated Careavithin COPD/Patient Centred - 10 Journal titles

- 7 Web pages
COPD research projeatdarger scale, - 10 Journal titles
telemedicine - 16 Conference papers
Totals - 87 Journal titles

- 36 Web pages

- 17 Conference papers
- 9 Reports

- 5 Book sections

2.7 EthicalConsiderations

As the research project would require the imlvehent of human participants, ethical approval from
the research ethics committeia the School of Computer Science and StatisTidajty College Dublin
was required Approval was granted ahe 25" of May 2015. A copy of the approval can be found in
Appendix

The supporting documentation for the ethical approval can be founéppendix A:ithrough to

Appendix F:

The study did not include any medical informationpatient identifiable information, and as such did
not require further approval from either of the two stakeholder categori@sher than the Data
Protection Act, no other relevant legislation applies in relation to this project and all data gathered

will be dealt with in the appropriate fashion, namely;

- Demographic details of participants will be appropriately coded. Participant and code details

will be kept in a secure encrypted format, ensuring participant identities and data will be anonymized.
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- If audio recordings are consented to by participants, these recordings will be transcribed to

an electronic format and recordings subsequently deleted within a 5 day period.

- The questionnaire data will be only be kept for the duration of the study, andenilebstroyed

after thesis submission on the 9th of July 2015
2.8 Conclusion

This chapter provided the background behind the research and methodology that was involved in this
study.It descritedthe research paradigm employed and the reasons wiyle also stating the range

of material and how it was obtained. The time and effort that was involved in establishing the above
was considerably greater than anticipated, but also provided a valuable insight into the process that

is required to carry rasarch such as the research presented in this document.
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Chapter 3. Literature Review
3.1lIntroduction

This chapter aims to give an insight into the variasigectghat form the coreof this study. Fronthe
burden of care that COPD creates on the patient, their family and the health networks, to
technological components such as activity trackensd to selfmanagement within COPD which
touches on behaviour change anbtivational characteristics. When imbined, each of these areas

will build a picture of what is being aimed at in this study.
3.2Burden of careof COPD

COPD is a condition that develops slowly over time, and is typically diagnosed in patients over 40 years
of age(WHO, 2015a)Under diagnosis of people suffering from COPD is estimated to be quite high,
and the prevalence of the disease in Ireland, estimated at 26%, is not truly understood, but can be
inferred from the high number of hospital admissions for treatment of COPD and deaths recorded
with the underlying cause of death as being CORDQ/ 2 Yy 2NE HAMn O

Currently he burden of care on the Irish health services is visible from the following numbers that
highlight the situatio(HSE, 2013)

13,098 primary diagnosis dischanger annum
122,263 bed dayper annum
Mean length of Stay of 9.2 days

= =/ =4 =4

18,500 exacerbations of COPD in Primary @areannum

Average day rate costs for HSE hospital stays averagghwhereasHSE Regional hospitals typically

O2ail eTpy LISNI yAIKIGZ | {9 [/ 2dzy (iiNE eK2MTLIBIGNEEY % DKL B
al., 2010) COPD patients over the age 65+ would stay on 9 nightaverage which adds up to

I LILINR EA Y I ( St & This taswonldexcluif tNd astinl-midical and staff costs associated

with treating the conditionIn the Ryal College of Physicians of Ireland (R@&ditional paper on
COPDOhQ/ 2YYZNPh QH 2yIy@ NJ f Aada GKS F2ff26Ay3a  TAIdNE
attributable to COPD in 2011.

- 110,242 bed dayse dmZ My c Xy dp
- 3,269 day cases
- For patiens with primary and secondary diagnosis of COPD, 29,072 bedkdaysn y > MT p Z 0 MYy
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QX

- LY Hnmox O2ada F2NI LI GASydGa FGGSYRAYI K2aLRAG

- aSRAOIFGA2Y AY HAMHI dzy RSNJ (K {dGF 43S NYzy RNHA:

N

All of the amounts listed aim to highlight the high cost of caring for patients with COPD in Ireland
{2y So @X4) Ruyhet Righlights that in the EU in 2011, the annual economic burden of COPD
G240F €t SR | ad JrRISaNByitAnbe braken dawn as foflolysh 2 y @

- eHo®o OAffA2YT RANBOG KSIfGK OFNB O2aila
- eHp®M OAffTA2YT AYRANBOG O2aia
- eco OAfETAZ2YT Y2y Adustaddie Yéu? (BAWWIRCOE20558)a F 0 A £ A G @

These figures highlight the economic burden of treating CO@RRlone the burden imposed on the

patients and their families/hich is equally difficult to bear.

To add to the overall picture of the burden of care for COPD in Irelaadast of healthcare in Ireland
has steadily risen since 20@Baking it one othe highest among the EUX&allan et al., 2011n that
period (2005 to 2012)he cost of healthcareds risen by 20%-urthering the difficules, the budgets
available tohealthcare have already bedmeavilycut in the last couple of year$able3.1 shows the

savings required in the health care budget fr@0i2 through to 2014Evetovits, 2012)

Table3.1 Savings required in Irish Healthcaspending

Year Savings Required (in Millions)

2012 €TOp
2013 € OpH
2014 -€nnan
Total €€ MZnN M

The above reductions in the Irish Health Care budget put a greater strain on all servicegthat

being provided, meaning that fewer and fewer servicesraegleavailable This is especially true in

the case of longerm programmes and preventative measures required by certain medical conditions

With the upturn in the economy that has been slowly emerging,28&5Health service budgetaw

the first increasdor seven yearsalbeit modest in terms of the amountsmived® !y | RRAGA 2y | f
YAfEAZ2Y AYy aLISYRAY3IAS GAGK Yy FRRAGAZ2YIE OFLRAGH
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As a resultof the lack of investment in the overall health infrastructure over the last decade,
development inPrimary care initiativesamong othes, have suffered a great dedlany conditions

could be treated before the need for hospitalization occurs, furthermore, if adequate facilities were

in place, follow up procedures post discharge, would already reduce the burden on the hospital
system.Bothi KS &1 S f K &aeadsSy NBalLlRyaSa (Bvetovisi2glRy OA | €
O2YYAaarz2ySR o0& GKS 5SLINIYSyd 2F 1SIfGKE FyR C
Systeminan Intetni A2yl f O2yGSEGé Ay (KS (CatmRé &lij 20115 N&E LIS O
commissioned by the ESRI, refer to the fact that Ireland has partimééiciencies in the rate of

hospital admissions for Ambulatory Care Sensitive Conditions, especially with regard to COPD whose

rates currently rate as the highest in the OHOECD, @1.2) (Figure3.1)

Ireland |

Mew Zealand
Australia
fustria |
Cranimark
Monway |
Israal
Korea |
Foland |
Lnited Kingdam
CECD |
Slovak Republic
Genmany |
Canada
Czech Hepublic |
Finland
Swedan |
Italy
Slevenia
rexico
Fortugal

a.n 0.0 1000 1500 200.0 2500 200.0 3500 400.0
Rates per 100,000 population

Note: Rates are age-sex standardised to 2005 OECD population.
Source: OECD Health Data 2011.

Figure3.1 Graph showing OECD COPD Hospital admission rates with Ireland at the top.

With such high numbers within the existing populatitogking ahead towards the future and where

the demographic projections are leading, notably that the population of persons aged 35 and over is
projected to increase between 51% and 94% by 2036/HSE/ICGP, 200&8)e burden of illness
associated with COPD will likely escalate as a result. Preventative measures need to be put in place in
order to minimize the potenal economic and social impact of more individuals being diagnosed with
COPD.

The National Clinical Care programme for CHEE, 2013ims to put in placa number of measures

in order to reduce COPD admissions by 1,500 people a year. This is to be achieved through a
combination of improved COPD guideline and algorithms, decision support tools and self
management toolsThe key objectives of this Clinicategrogramme are to improve the quality of

care by decreasing mortality and morbiday patientswith early and correct diagnosis. Included in
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this is notion of providing the correct treatment based on accepted best guidelingsetment

which spans &lcare providers, from pharmacies to GPs and includesysafiagement. Another key
objective is to improve access to facilities and treatments such as pulmonary rehabilitation. From an
access standpoint, implementing COPD outreach centres and prograammeeto reduce admissions

to hospitals, thereby reducing cost but more importantly keeping the patients, when possible out of
hospital and within their own home environmenighe stated aims and objectives of this programme
would help in reducing the overdlurden of care on both the health system, but more importantly

on the patients themselves.
3.3Physical Exercise in COPD

Ventilatory requirements for individuals with COPD are increased due to a reduction in the lungs
capacity as a result of narrowing of tagways. This narrowing of the airways means that more effort

is required to get the required amount of air into the lungs, and in turn can lead to dyspnoea (shortness
of breath), fatigue and ultimately exacerbations (worsening of symptoms). These symptoms
contribute to a lack of willingness to carry out exercises as the patient ultimately feels uncomfortable
or unwell as resul{Troosters et al., 2013)This leads to a vicious cycle in which the patient is not
willing to exercise, athey are concerned about their condition, but by this lack of activity, end up
worsening their condition as they are then less able to carry out simple act{gdeFigure3.2). This

cycle ends up in many cases with the level of COPD increasing to a point where exacerbations occur,
and the patient is more often than not admitted to hospital to receive treatment to stabilise their
condition. Garcia et al(GarciaAymerich et al., 2006h)ave shown that physical activity levels are
mortality predictors and also predictors of hospitalisations, and that poordesfedctivity contributes

to a progression of the disease.

Feeling of breathlessness

v

Activities are avoided for fezjir
= of more breathlessness ™ Less activity is carried out

More breathless when |
attempting other activities

Muscles weakerbecome
less efficient

Figure3.2 Cycle of Inactivity and Breathlessness
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Troosters et al(Troosters et al., 2013hake an important distinction in that physical activity is quite
different to exercise tolerance. Physical activity can be defined as the act of exercising, whereas
SESNODAAS (2t SNI y ®anditdierancy to dayfyihg thek déxeizisé. Dhis diktiackidh fs
important to note as it forms a baseline for developing exercise regimens that are specific to patients

with specific conditions.

A number of studies have been carried out to assess the tdumnefit that physical activity has in
managing COPD. Watz et @atz et al., 2009)st a humber of such studies in their own research,

and although each of those studies came up with up their own results, it is interesting to note the
disagreement between them. For exampMjatz et al. (2009) mention two studies that found
correlations between airway obstruction and physical activity, two who found no such correlation,
and a third who only found a loose correlation. This might lead one to wonder what their criteria for
establshing their result and conclusions was, but also proves another point. The point being that
measuring or establishing markers in the levels of physical activity for a COPD patient is not an easy
task, as there are typically many factors involved. In thein study Watz et al. (2009) noted results

improved when the duration of the study increased.

Measurement of exercise capacityy patients with COPD has been found to be a valuable and
important clinical outcomdGlab et al., 201Q)whereas physical activity, according to Glaab et al.

(2010) is not yet there. This is due to the fact that even with improved mechanical devices to record

said activity, the validity of these devices has yet to be clinically provaab@t al. (2010) note that

0KS @GFNARFOAfAGE 2F aSyaradadArgrite o0SisSSy RAFTFSNByY
that although this may the &, the very specifics of the data recorded need not be fully accurate in

order to give the usea good sense of their activity levels. That being said, in the greater context of
providing a platform from which sethanagement of COPD is to bstablished, these variabilities

the data need to be normalised so as to present a uniform picture anea, albeit approximate,

representation of a patients activity levels.
3.4Physical Activity tracking devices

Data collection for use with the proposed design explained in this study, is out of scope due to costs
involved, time to create a proper validatstudy, and also the potential ethical issues that would be
involved in generating the exercise programs required to collect the required daththe clinical
involvement and supervision that would be requiretihis section will deal with describing the
technology and modalities of various physical activity tracking devices, and the role they would play

in the overallsystem discussed
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Wearable computin@gnd devices, which can be defined as sensor tools that collect data that can be
worn about the body (kacelets, watches, earings, etc) do#lowing an upward trend. The advent and
continual development of mobile phones into so called smart phones, has lead the way to a new
burgeoning economy of devices that are capable of interfacing with these smarephtmprovide a
whole new range of data se(PWC, 2014 Smaller, cheaper to produce and more accurate sensors
are adding to the wealth of data generating options available today. Generating data in andfpf itsel
is not difficult, it is the meaningful interpretation and presentation of this data that is of primary value

which provides the utility of thesdevices.

The last number of years has seen a proliferation of activiagkers and fitness trackers, and
according to sites that track the development of such devices, it appears many more are on the way
64/ 2YLI NB ! OGAGAdGe ¢NIXOlSNAKkCAGYS&aa .lFyRazé HAMT

Figure3.3 shows the variety of types that activity trackers cobezn developed in recent times.

Figure3.3 Different types and shapes of activity tekersé ¢ / 2 YLI NB ! OGA @A G& ¢ NI C

Activity trackers as the ones shown in the figure above, store and rexbirdty data. In some cases,
this data is exportable by the device owner, but in some cases, only in limited fashion orroy foayi
a premium packageOne such device brand that typically requires additlopayment is thd-itbit

brand (FitBit Inc., 2015put it by no meansnot the only one Although one can pay a premium

subscription package to access this data, it is believed in some cases that this data should be freely
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availablg(Payne, 2014 Additionally the data that one can access in this case is typically daily summary
data that is presented in a particular fashion. Although this data caof bensiderable use, as it can
show trends in activity, the more detailed data is not as easily accessed. In the caseFutbihe
devices, this level of grararl data is callechtraday data, and measures the activity recorded within
short intervals ofime, minute by minute With the Fitbit platform, the intraday data can currently be
acquired by getting access to a dedicated developer key on request from the Fitbit APl developer
team, which makes it ungainly for usage in thigler community (Fitbit, 2014) Other methods of
extracting this data do exisbut are more work around solutiomather than an actual direct API link
(Ramirez, 2014With this in mind, it must remembered that the data is what is important from these
devices, as this is what forms the basis of actually understanding the activity profile patients.
Getting access to the data is important, and to the correct data is even more important. In developing
future work along these lines with devices as the ones mentioned here, having proper access to the
correct data is paramount. Choosing therext device with the proper access to the right data should

be considered a very important point in any further study with such commercial type devices.

Most, if not nearly of the existing devices are designed to be used in conjunction with a smagt phon

but they are not limited to smart phones only. As for the Fitbit, other devices provide a means to
interface with the tracking device directly from a PC or lapiifis is important to note as although

smart phone penetration into the consumer commundy large, it is slower in getting into the

population above a certain agBarriers of adoption of smart phones within the elderly population

have been found to be multiple and include, financial reasons, poor vision which impairs identifying

all elementson the device screens, and just as importantly a lack of knowledge and interest in such
devices with these capabilitigdohadisdudis and Ali, 2014} here is an upward trend in the usage

YR LISYSGNI GA2Y 2F AYFNILK2ySa F2NJ 0KSL&e@SNI pp Q:
al., 2014) there are still of number of challenges to address for the penetration of smart phones to

increase within this age category.
3.4.1 Data from Activity Tracking devices

Going past the issues of getting access to the data outlined in the previous sé&hgaaily summary
activity data can be of benefit from the standpoint of seeing if one has achieved a particular step count
or distance within a given period.able3.2 and Figure3.4 show how this data be interpreted and

displayed.
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Table3.2 Daily totals of activity levels

Total Lightly Fairly
Total Distance Sedentary Active Active Very Active
Date Steps Covered Minutes Minutes Minutes Minutes
20/04/2015 15300 11.37 665 292 21 44
21/04/2015 12902 9.61 820 178 16 51
22/04/2015 8285 6.16 1265 122 25 28
23/04/2015 16078 11.95 1117 229 36 58
24/04/2015 14654 10.91 688 280 40 27
25/04/2015 10012 9.4 1411 250 35 30
26/04/2015 13539 10.06 1046 338 31 25
27/04/2015 15445 11.48 1033 353 14 40
Light/F airly/Very Active Minutes for 1 Week
400 —— Lightly Active
Minutes
—— Fairly Active
Minutes
300 Very Active

Minutes

200

100

—_
______________-—-———-_-__--__— —
0

20/04/2015

21/04/2015  22/04/2015  23/04/2015  24/04/2015  25/04/2015  26/04/2015  27/04/2015

Figure3.4 Graph showing one week of daily activity, categorised over 3 ranges of activity

From the examples shown above, it is possible to see how the data could be interpreted and viewed,

and is one example of the type of data available.

Intraday data on the othehand, shows the activity levels during the course of the, @yl minute

intervals as shown ifrigure3.5.
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Figure3.5 Full day of mtraday datafor 24 April 2015

The chart generated above is fraime intraday data for 24 of April 2015 (sedable3.2 Daily totals

of activity leveldor counts of that day). The large spikes indicate large amount of activity, and the flat
lines indicate what are termed as sedentary periods. In this example, the data is representative of
fairly typical week day. Zooming @ims graph, to a period between 8:51am and 9:06, one can see an
intense activity pattern, followed by a small lull for a couple of minutes, followed by another spike
until a flat lined is reached at 9:06am. This particular sequence represents gettthg ttin, getting

a coffee and continuing the walk to work for the author.

— ' ' ' ' ' ' ' ' ' ' ' i i i
08:51 08:52 08:53 08:54 08:55 08:56 08:57 08:58 08:59 03:00 03:01 03:02 03:03 03:04 03:05 03:06

Figure3.6 Zoom on activity period between 8:51am and 9:06am
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Outside of thewell-known manufacturers, there are also other companies creating sensor devices
suitable for activity tracking. One such device is the MetaWear bdamash a company called
Mbientlabs (Mbientlab, 2015) They develop small sensors boards that contain all the required
electronics to create traxial pedometersAdditionally, a fully specified API is available for developers
to develop their own applicationkased on these sensorm terms of theMetaWearboard, this is
already the case with two pedometer based applications available on the both the Apple App Store,

and google playGleeson, 2015)
3.5Technology Acceptance

In a report from Arning et aArning and Ziefle, 2009hey statethat there is a good sense of
technological acceptance in the elderly population in comparison with a younger population, and that
this acceptance is based on a number of key points. These points are namely that the technology to
be used ought to be timely with the information it provides, in other words that the information
provided is accurate and up to date with their conditiom.addition, the sense that the technology
used would not restrain the mobility of the individuals, to ultimately avoid institutional care. From a
design point of view for anHealth system aimed at an elderly population, usabitityd reliable
technology hat can be trusted with personal data would lead to a greater chance of the technology
in question being accepted. Arning and Zi¢#@09)emphasise the point that in order for the system

to be ultimately accepted and used by the target audience, usgaloilight not to hamper successful

interaction with the technology, if this were to happen, the users' acceptance would be lost.

In comparison with general ICT technological acceptance, Arning and Ziefle (2009) highlightithat the
research shows that useo$ eHealthtechnologies would be more willing to deal with the complexities

of data safety. In conjunction with this, they have also remarked that the usetseslthtechnologies

are more disposed to sharing of their personal data with appropriate psajaals involved in their

care, than they would of normal ICT technology generated data.

This highlights the strong connection that any such system ought to have with the end users and the
parties with which they are entrusting this sensitive and persem@rmation to. This connection
should be brought about by thinking about this interaction during the design and implementation

process.

Although technology acceptance is important, a factor that has to borne in mind is that the socio
economic status andhisome cases advanced age of individual COPD sufferers means that they may

not be in a position to own or be willing to own technology such as the technology proposed in this
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study. Additionally, if the cost has to be borne personally, some individuglardiess of how much

they may be interested in this technology and its potential benefits, may not be in a financial position

to acquire such devices and assorted infrastructure. The PWC réparC, 2014pn Weanble

technology market acceptanda the U.Sindicatesthat there is a tendency for potential users to avail

of such technologies if the cost of them was either offset by a reduction in health insurance premiums.

This could also be further extended tainde that if such technology were made available as part of

a health treatment from a health organisatimtandpoint, then the acceptance and use may gain

wider acceptance. A similar idea was carried out duringdBérial in conjunction with theNHSO & h H

v he ISFEOGK p 1SFEGK G 12YSZ¢ HnanmowherdheO2l SI f (K
Health at home package provided the patients with the followingtdots h v | S f G K f | dzy OK
atHomell St SKSIf K ;AaSNPAOSZ¢ HAMOU

Tablet computer, préoaded with relevant software

Pulse oximeters

Weighing scales

Blood pressure monitors

The patients having this technology made available to them, were subsequently able to manage their

condition therebyreducing thei stay in hospital by 59%.

A study carried out Milton Keynes, as part of an EU project, has demonstrated the benefits of telecare
for COPD patients. The collaborative project run by CommonilUelaney et al., 2012)imed to
overcome a gap in communications that existed between health and Social care prolisicervice

was rolled out to COPD patients that had been discharged from haspisplecifidischarge pathway
specidly designed for thenwas provided whiclincluded referrals from community nursing teams.

The pilot consisted of 108 patients who were provided with monitoring equipment for vital statistics
and a home telecare unit for sending out alerts if necessampufinout the course of the study some

of the benefits were noted as followsotably that out of the 108 patients involved in the study 168
hospital admissions over the course of one year were avoided, and additional 85GP visits were avoided
also. These mlts are stated to demonstrate the fact that even with the technology overhead of
having to deal witta number of monitoring devices, considerable benefit was achieved by all parties.
It is believed that because the benefits were felt and noticed anddtfsign of the system was such

to make it useable for the user thatichbenefitswere achieved. The point being made here is that if

the correct structure is put in place around technology, there is a greater chance of it being accepted.
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3.6 Health Status andHealth Related Quality of Life
Health Related Quality of Life (HRQol) is defined by the Centre for Disease Control as follows

Gl wv2[ A& | ONBIR YdzZ GARAYSyaépatgd f O2y OS LI
YSIadaNBa 2F LKeaA@DE2lUyR YSyidlt KSIfdK

This definition is quite broad, as is the topic of Health related quality oTtifedefinition given above
aims to highlight that in order to assess the health of individual, more than just physical characteristics
need to be taken into considerationh& mental and psychological aspect of an individual has as much

to play in their overall wellbeing as just physical characteristics.

This is highlighted in a number of areas of related to research in behaviour change and self

management in CORvhich wil be discussed in greater detail in secti®id.

Assessing ah Y R A ARRQAEIistnél & straightward matter, and is at the centre of many research
projects nvolved in COPand is typically done by means of questionnaif@snceAparicio et al.,

2013; Engstrom et al., 1998; Mazur et al., 2011; Puhan et al., 2007; Schiinemann et al., 2005; Sintonen,
2001; Stahl et al., 2003)There exists many of these questionnaires, and some with more reported
successes than otherin relation to capturing the required informatipmamely measuring the

patients perceived health related quality of lifdable3.3 outlines a selection of the questionnaires

reviewed.
Table3.3 Selection of HRQoL Questionnaires reviewed

Name Description and usage

LINQ Based on interview questions designed and validated by COPD paligsts.
interested in determining level of knowledgeedsof patients. It is a self
administered questionnaird.INQ was designed to assist clinicians in establishir
what patients wouldbenefit from information, and just as importantly, the type
information this patient requiregHyland et al., 2006; Jones et al., 2008)

BCQK It tests knowkdge that is appropriate for COPD patients of the conditiormany

way is it similar to the LINQ questionnaiiejts aims and objective#lso of note is
that this questionnaire has also been used to test the knowledge of HCPs invo
the care of patients with COPEdwards and Singh, 2012; White et al., 2006)

St. George's Diseasespecific instrument designed to measure impact on overall health, daily

Respiratory and perceived welbeing in patients with obstructive airways disea& popular
Questionnaire | and often used health status questionnaire, which has been validated across g
(SGRQ) disease conditions, and COPD/Asthma specifiqdiiymes, 2001; Puhan et al., 200
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AQ20 No questions in the AQ20 are specifically related to physical activity per say,
although some questions ask about the patients state during strenaotigty
(Aquiles Camelier, 2003, p. 20)

BPQ and BRQ | Neither versions have any direct questions that are related to physical activity «
exercise. The questions are more related about how the individual feels when
part insome activities and gauges the level of discomfort during those activities
(Hyland et al., 1998)

COPD Activity | Aim is to measure lifeelated activities in patients with COPD, essentially how
Ratihg Scale the individual is affected by their condition by rating their ability to carry out cer
CARS tasks(Morimoto et al., 2003)

COPD Test Simple test which aims to measure the impact of the condition on the individua

Online(CAT) Again, no specific question asking the user alamitvity of exercise leveldones et
al., 2009)

CCQ The Clinical COPD Questionnaire (CCQ) measures health status and can be L

assess healthelated quality of life (HRQ($undh et al., 2012)

SF36 (RAND) | A set of generic, coherent, and easily administered qualitife measures. These
measures rely upon patient seiporting and are now widely utilized by manage:
care organizationd a-¢ € { dzNBSe FTNRY (KS w! b5 a
Mahler and Mackwiak, 1995)

Chronic Disease specific HRQL that contains four dimensions. Includes the following al
Respiratory 1 Dysponea

Disease 1 Fatigue

Questionnaire T Emotional function

(CRDQ) 1 Feeing of control over disease

(Guyatt et al., 1987)

Please note thatAppendix Grontains links tathe actualquestionnaireslisted above for further

review.

The questionnaires listed ihable3.3 have been selected primarily because of their inclusion and

specificity to COPD research work.

Health Status or Health Related Quality of Life questionnaires are designed to measurpéct of
RAASIFAS 2y | LI GASYydQa tAFTS Ay | (Jprim, 001)THekel 6 f S =
types of questionnaires address a number of areas, such as i) assessing the psychological and
emotional impact of the disease on the patient ii) the physical impact of the diseaseeqrattent

and according to Jones (2001) the majority of the items on such questionnaires iii) assessing the

disturbance to daily life due to implication of the disease on activities of daily living.
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Although there aramany Health Status/HRQoL questioneailavailable, each with varying levels of
success in establishing their stated aims, it is important to note the observations of Jones (2001).
Namelythat in treating chronic conditions, if a patient is able to identify and point to the fact that the
impad on their daily lifedue to their diseaséas been reducednd that there has been a reduction

in symptoms, then there is clinical significance in that. It must also be noted at this point that such
guestionnaires are used over a period of time in orderesstablish the benefits of a particular
treatment course and or pulmonary rehabilitation programriigpically by being administered at the
start of a treatment plan, to establish a baseline of where the patient is in relation to their perceived
health stdus, and then at the end testablish if the treatment plan has had enpact on their health

status. Such questionnaires are also used to get a point in time view bfthé A 1&aith edus.

The aim of these questionnaires, is to assess in one farmnother, the level of education or
knowledge that COPD patients have about their condition. By inference, measuring the level that they
have also highlights the lacuna in their knowledge and aims to assists health care professionals (HCPS)
in providing he missing links and knowledge required to manage their condition. Only two of the
research papers identified the lack of knowledge of same HCPs charged with providing this care
(Bertella et al., 2013; Edwards and Singh, 20&44th the care and management of COPD moving even
more into the realm of primary care, gauging the level of knowledge that general practitioners,
community nursesand ambulatory care service providers about the conditiproves equally

important in ensumg that the correct care is given in the correct context at¢bheect time.

In the context of this particular study, the focus wagmarily on identifying questionnaires that
attempted to measure the impact and benefits of physical activity, and ttieedid not. The purpose
of this was to attempt to establish linkagegthin these guestionnaires as to the benefits of physical
activityand how such questions were being askElis was done to assist in formulating the wording

in the data collection gesstionnaires (sedppendix Aand Appendix B.
3.7 Selfmanagement and Bedwviour change

In order for the proposed system to function as expected and to have the benefits that are claimed
that it should bring, an understanding of the core components ofrs@iiagement and behaviour are

required. The reason for this is muléiceted, and is broken down as follows.
Seltmanagement:

- To allow patients to manage their condition, and understanding of what comprises self

management ought to be understood.
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- The benefits of same need to be brought to the fore and incorporated into theqsed

system
Behaviour Change:

- Behaviour and habits determine how people interact and deal with certain situations. As
mentioned above the vicious cycle of breathlessness that patients with COPD suffer from,
needs to be broken down into manageable chutikbelp to overcome thm. The design of
the user interface must make use of behaviour change techniques (motivation/goal setting

and rewards)n order to allow for the most benefit to be achieved.

As defined by Effing et glEffing et al., 2012)selfmanagemat plans ought to aim for structural
behavioural change, which wallin turn carry on with the beneficial treatment effects after
programmes (pulmonary or others) have been completed. Not&ffing (2012) also statéisat these
programmes of behaviour change should be tailored for the individual receiving it, be mamdful

take the participants perspectives into account and be ready to change aslithBlXi A @dndiflory” (i Q &

changes over time and if other gporbidities come into play.

By definition seHmanagement plans infer that they are plans that are managed byirttiwidual

alone. From researching this in quite some depth, it appears that although that is very true, the
involvement of a health care professional (HCP), be it either a GP, respiratory nurse or consultant,
certainly provides added benefit and meanimgthe selfmanagemenplan (Apps et al., 2013; Effing

et al., 2012)

Another common theme identified in the literature is that there appears to be little in the way of
standards for developing setianagement plangApps et al., 201ZEffing et al., 2012)In itself this
would pose a problem in that if there is no standard mechanism or template for the developing and
applying seHmanagement plans, then their efficacy can be question€de nonstandardised
approach in this case pes a difficulty in establishing good baselines and controls against which to
form judgements on the benefits and values of various components of thenseglagement plans. In
contrast to this Bourbeau and PaléBourbeau and Palen, 2008)ate that there is now enough
sufficient scientific evidence toupport the claim that selmanagement plans are worthy of
recommendation to patients with COPD. This is in contrast to statements by Bsvzzo et al., 2013)

that a number of studies have shown there to be little to no benefit éff-management plans

benefiting patient with COPBenzo, 2012; Bucknall et al., 2012; Fan et al., 2012)

3.8 User interfacefor behaviour change
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Designing an interface with the aim of motivational and behavioural change is complicated task. Many
factors have to be taken into consideration to make it effective, informative and ug=hhkvioural
tendencies that have proven effective have been said to be based on the same principles of
unmediated communication, namely that timely information dissemination has been shown to
provide the best response from people, that the information pded has to be tailored to the
situation at hand, as well as being subtle and easy to process and ¢igmsiyn et al., 2006)
Technological advances in the last few years have provided us with relatively cheap devices and
sensors that permit the collection of data and subsequent representation of this data along the
behavioural science principleghich include among others, setionitoring, suggestion, and
conditioning. The above describes the ideas behind the work of Nawyn et al. (2006) who developed
phone based app to promote the disruption of particular sedentary behaviour (watching television)

based on principles of behaviour change promoted by B.J. Beagg, 2002)

Nawyn (2006)summarised some of these concepts and how the relate to proactive interfaces for

behaviour modification ird a table similar to the one shown Trable3.4

Table3.4 Behaviour modification: preactive interface strategies

The setting of concrete achievable goals
Goal Setting promotes behaviour change by orientating the

individual toward alefinableoutcome

The evaluation of progress towards specific
Selfmonitoring outcome goals helps people who aretivated

to change their behaviour more effectively

Timely feedback occurring at the time, or not
Proximal feedback long after a specific activity is more effective i

behaviour change

Combining increases in desirable behaviour
Operant conditioning actions can be increased by pairing those

actions with rewards

Pre-existing behaviour can be conditioned intc
Shaping a more suited behaviour by rewarding near

misses to the actual end goals

The built in desire to be consistent with what
Consistency we say and do is beneficial in assisting end

users to achieve their goals

Interface built using the strategies listed Trable3.4 are more likely to be effective igetting the

wanted end result of a behaviour change application or system.
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3.9Conclusion

This section aimed to highlight the core components that were considered during the research, design
and implementation phases of this study. By combining all of the above categories and sections, it is

believed that a better and more considered soluti@nde designed and implemented.
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Chapter 4. Design and Implementation
4.1 Introduction

This chapter will present the design and implementation principles used to create the prototype
aiming to answer the research question stated in seclidhThe chapter will also include wireframes

and use cases developed.

This will include analysis of the returned questionnaires and how they were combined into the end
prototype. The purpose tthis section is to highlight the rationale for including and developing certain

sectionsof the interfaceover others.
4.2 Questionnaire Design

The questionnaires were designed to gatlsr muchrelevant and specific information that would
allow for thebuilding of a suitable prototype. In order to do this, the questionnaires were made up of

sections to establisthe more favoured components among the cohort of study participants.

The components or categories used in the design of the questionnaire onexdtiabove are listed in

Table4.1, along with a brief description of what was sought from those sections.

Table4.1 Listing categories used in questionnaire, along with description

Questionnaire Section Brief Description
Section 1 Demographi¢Condition details Section used to map out demographic detailg
cohort participants Also aimed at getting
Questions 1 to 6 information regarding exposure to heal

professionals.

Section2: Selfmanagement Section used to identify why exercise may not
undertaken
Questions 7 to 13

Section3: Reasons for not exercising Section used to establish the prevalenard
prior knowledge of Selhanagement within

Question 14 COPD

Section4: Motivational considerations Section used to establish what motivatior
considerations were in play for coho

Questions 15 to 20 participants getting involved iexercise

Page390f121



Title: Is it feasible to design a useful interface for COPD -Badhagemen?

Section5: Goal Setings and objectives Section used to establish what the cohort wol
identify as beneficial in settings goals a

Questions 21 to 24 objectives

Section6: Environment Section used to establish if the lod
environment of the participantvas suitable for

Questions 25 to 28 exercising

Section7: Technology Section used to get establish the techni

proficiency of participants
Questions 29 to 41

Section8: User interface (Ul) Queries Section used to establish what visual forms
interpreting the data would be considered mo

Questions 42 to 46 beneficial

Section9: Activity Based information Section used to establish baseline points of v
into the types and levels of activities th

Questions 47 to 54 participants were involved in

Section 10Additional questions Section used to identify other components th
would not fall directly into any of the categorig

Question 55 listed above

4.2.1 Demographics/Condition

Demographic data in a questionnaire is used to determine the characteristics of a populatrder

to get a sense ofthe demogaphic spread, the basic demographics questions of age, gender, and
occupation were asked. Following a number of questions relating to their conditiomls@asked.

The rationale behind this was to ascertain whategjory of the disease the participants fell in, and

also to get a sense of their awareness of their condition.
4.2.2 Seltmanagement

¢CKS ljdzSatAaz2ya Ay GKAAa aSOGA2y INB olFlaSR 2y NBaSlh
beneficial to patients wittCOPDand thatbeinginvolvedin theformulation2 ¥ G KS &St FruY |l y I °
plan benefits the individuals as it provides them with a greater sense of engagement in the process
(Bourbeau et al., 2004; Bourbeau and &a2013; Effing et al., 1996, 201Zhis has been discussed

in greater depth in sectioB.7.
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4.2.3 Reasondor not exercising

The reasons why someone may not e in physical exercise can be varied. Lack of motivation, lack
of time can be included among those reasons. For individuals suffering from COPD, the ceoadition
engender real reasons such as fear of shortness of breath. This section of the questiomasir
included to establish which specific reasons might hinder a person with COPD from exercising, and
from this to establish what could be included in the prototype to promote physical activity. Danilack
et al. (Danilacket al.,2013)carried out such a stydand found that although the study participants
endorsed many of the reasons cited in this section of the questionnaire as reasons for not exercising
more, this was not directly correlated in the actual measurement data recorded during the course of

their study.

4.2.4 Motivational Considerations

One of the premises behind behaviour change is that motivation is improved and leads to better
adherence to goals and challenges @obnsolveet al.,2009,2008,2006; Hilberink et al., 2006)

4.2.5 GoalSettingsand objectives

The importance of setting goals cannot be aneéstimated. Goals are required in order to set the
pace and the direction that the patient both needs and wants to g{Qonsolvo et al., 2009, 2006;
Prochaska and Velicer, 1997; Shilts et al., 2004; Verplanken and Wood, 2006)

4.2.6 Environment

Environment related questions also came from Danilaclkale(Danilack et al., 2013)and were
included to establish if the type of environment the participants lived in was suitable for them to
exercise, or go for a walk in. In the event of this not being the case, the interface may potentially

propose that alterate locations which might be suitable, such as a nearby park or shopping mall.

4.2.7 Technology

These questions are to gauge the level of technological knowledge of the participants, to establish
whether ornot the technology would be a barrier for them in maginse of such a systefBickmore

et al., 2005)Understanding the level of technological knowledge is of key importance, especially to
determine to core technology items that they usgethe participants primarily used PCs for example,

a systendesigned visually for a mobile phone would not have the same visual appeal, and potentially

as a result, would ndtave the same effect.
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4.2.8 Ull/interface

These questions are being asked to get an idea oHtNeR gled&xénce to one representatioof the
activity data over anther. In knowing this, the design could be made more appealing, and ideally to

be considered more useful for the participants.
4.2.9 Activity Information

This set of questions was included to establish how the activity data and informatiofdgbest be
represented. Including the participants and users preferences is vital in allowing them to engage with

the end product that you hope them to use and to gain most benefit from.
4.2.10 Additional Questions

The final section of the questionnaire was aiinto establish if in addition to the representation of
their activity data and goal setting achievements, other elements would be considered useful. These
additional features relate to information regarding medication, exercise routines, copy of self
manggement plan. The rationale for including these questions was to see if adding this type of
additional information to the interface would add value to it, and hence make it more appealing and

useful to the users.
4.3Design Principle

The design principle usddr the development of the interface was based on the Usamtreddesign
procesgNorman and Draper, 1986)he process aims to involve the user from the earliest stages and
throughout the course of the development of the interface. Tleigel of involvement can take
different paths. From initial inclusion during the requirement gathering phase, through the iterative
development of the system throughout the course of the development of the interface. This level of
involvement can take diéfent paths. From initial inclusion during the requirement gathering phase,
through the iterative development of the system and onto the final stage of evaluation of the design
(Abras et al., 2004)

The usercentred design process can be representedshown inFigure4.1 UserCentred Design

Process
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o~

System Satisfies specified
requirements

Evaluate design Specify requirements

Produce design Solutiens

Figure4.1 UserCentred Design Process

What is meant by figure above, is that the user can and should be involved in as many of these stages
as possible and for as many iterations as is required until the system design finally meets the

specifications outlined.

The useicentred process also wks along the following key principlg&/sabiltiy.net, 2015)

- Design for the users and their tasks

- Be consistnt

- Use simple and natural dialogue

- Reduce unnecessary mental effort by the user
- Provide adequate feedback

- Provide adequate navigation mechanisms

- Let the user drive

- Present information clearly

- Be helpful

- Reduce errors

The principles above are not hard afagt rules to follow, but rather good indicators of what should

be involved in systems that have been designed with this process in mind.

What is worth bearing in mind also, is that the proposed interface design is not meant to be fully
fledged functionakystem,its intention is to be prototype of an interface that could then be further
developed at a later stage, following more refined requirements gather and formal design

specification.
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4.4UserInterface Prototype

The interface was built following the results gathered from the questionnaire designed and discussed

in section4.2, and the results of phase 1 of the questioneaiathered in discussed in sectibr2.
The prototype interface was built using a tool Protolit://proto.io).

Please nte that only the top level pages will be described here in the following sections. The

remainder of the prototype screenshots are viewabldppendix H:
4.4.1 Option1 ¢ Accesing the Home Page
On accessing the home page of the interface, the user is presented with a dashboard showing them;

1) A menu bar to bring the users to any of the other sections they may wish to choose from

2) Current activity to date, and what percentage of the goals that was set has been met in
graphical format, along with message to encourage them along their way.

3) Current activity to date, and what percentage of the goals that was set has been met in text
format, along with message to encourage them along their way.

4) Display of current weather conditions to assist them in planning their activities.

5) Small view of the goals that are set, and additional set of navigation links at the bottom of the

page
COPD Activity Tracker Home
o ~ =
™1 (7] ﬁ\.% = (| g]
Going walking 'i'_
today?
Weather Looks good
Mostly dry today, with just well scattered
You have taken 4,900 steps today. gt stienyatie
That is 70% of your goal, and is Fantastic! Quite cloudy, but some bright or sunny

spells will develop.
Highs 13 to 19 C.

You have walked 3.6 miles so far.
60% of your goal. Great work.

Figure4.2 Initial Home Screen

Error! Reference source not founghows an alternate screen displaginlifferent colours if the

activity is not in line with the goals set, and if the weather is inclement.
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4.4.2 Option2¢Help Screens

The Help section is the section that contains the-selhagement information sections, as well as the

help material such asaining videos, and a link to the medication notes section.
The user has a number of options here:

1) Click on the Selhanagement if feeling well button

2) /I fA01 2y GKS a2KIFG R2 AF FTSStAy3a dzy¢oStf 0dzii:
3y / t A0l 2y GKS a2KIFG G2 R2 AF FSStAy3d OSNE dzy s
4 |/ £t A0] 2y GKS a2 KLk 2 R2 Ay (GKS OFasS 27 |y §

5) They can choose to watch of the provided training videos, or click a link to bring to page that

(e

has more videos.
6) Click on the Medication Notes button to bring them to a page with details on their nteatica

7)1 EA01 2y Fye 2F GKS fAyla Ay G(GKS a! a8SFdd wSa:

COPD Activity Tracker Help Section
. .
n @ A =& =

Medication Notes

Self-Management Plans Excercise Videos

IO The importance of Excercise
Self-management plan if -

Feeling well 5 |3 Aerobic Excercises This section contains information regarding

_ _ your medication.
) PreEmTs r EEeEss Click the button below for more information

|g How to Manage Breathlessness
B Exercise at Home Week Plan
Click here for more videos 6

Useful Resources

Click on the links below to go these websites with
helpful information on COPD
COPD Ireland

Irish COPD facebook page
HSE COPD Resource page

COPD Outreach Centres 7
St. Michael's COPD Outreach
AMNCH (Tallaght) COPD Outreach
Beaumont COPD Outreach

Figure4.3 Initial Screen of Help Section

Of the options 1 to 5, each of those brings theer to a new pageyhere they can view helpful
information to help them manage their conditiatepending on they feel at the timéut also record
how they are feelingThese records are avaible for them to view within the interface, and also to send
them to a either a preselected contact, or a frelBorm entry contact.The medication notes section

brings to the user to a page with displays their current COPD related medication.
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4.4.3 Option 3¢ Charts Screen

This screen gives the user the option of viewingrtlséep count reports over different time ranges.

The default page that the interface opens on is on graphs showing their current daily activity, as shown

in Figure4.4. Again the user has a number of options here:

1) Click on Daily Report to see their Daily report.

2)
3)

Click on View Weekly report which will show them a weekly summary report of their activity

Click on View Monthly report which will show them a Monthly summeaport of their

activity, and also provide a button to compare activity versus welldats.

COPD Activity Tracker Charts
- . =
[ g | e m’: == 3 fg]
Step Count  1o4ay's Activity Summary

View Daily Report You have taken 4,900 steps You have walked 3.6 miles

today. so far.
View Weekly Report That is 70% of your goal, 60% of your goal.
and is Fantastic! Great work.

View Monthly Report

Total of Steps achieved today

Total Distance Walked today

Figure4.4 Initial page of the Charts page

4.4.4 Option 4¢ Goal setting screen

This screen allows the users to set their own goals and provides information regarding what the goals

mean.

1) One option allows the user to set the goal for total amount of steps in one day

2) Other option allows the user to set the goal for total distameadked in one day
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Figure4.5 Initial (and only) Screen of Goal Setting page

4.4.5 Option 5¢ Print/Email Screens

These screens both share the same functionality, namely to share the information contained within

the system by either email or printing a copy of the report.

1) The screen provides options for selecting which activity data to select from
a ¢2RIF&Qa [ OGA@AGE RIEGL
b. Thisg S S acfvity data
c. LastY 2 y (iakti@ity data

2) To select the recipient from a peefinedlist

3) Or to enter a new recipient.

The same options are available for sharing of wellness data. As a reminder, this is the data that is

entered on the subsequent selfianagement screens in the Help section.
4.5Access to Prototype
The prototype can be viewedt the followingURL:

http://projects.eibrand.net/projects/ COPDAT
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