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Chapter 1. Introduction 

1.1 Introduction 

This research projects aims to design and develop a dashboard prototype to allow for self-

management of Chronic Obstructive Pulmonary Disorder (COPD) with activity data recorded from an 

activity monitor. Maintaining a consistent exercise pattern has been shown to improve the condition 

and general wellbeing of individuals with COPD (Garcia-Aymerich 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 hospital following an exacerbation. Being able to maintain a steady exercise or activity 

routine has been shown to be difficult, from a self-management and behaviour point of view, and this 

is where this research works comes in.  

By recording daily activity data by using an activity monitor, which is not in the scope of this current 

projectΣ ŀ ǇŜǊǎƻƴΩǎ Řŀƛƭȅ ŀŎǘƛǾƛǘȅ ǇŀǘǘŜǊƴǎ Ŏŀƴ ōŜ ǊŜŎƻǊŘŜŘ ŀƴŘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜŎƻǊŘŜŘ Ŏŀƴ ōŜ 

analysed and formatted to show the levels of activity over a period of time. This information 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 patients to find a meaningful and achievable set of activities within the 

bounds of their current condition, and becoming part of their self-management 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 engaging the user with meaningful information about their 

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

1.2 Background 

Chronic Obstructive Pulmonary Disease (COPD), is a degenerative disease of the lungs that is treatable 

but not curable όά²Ih μ /ƘǊƻƴƛŎ ƻōǎǘǊǳŎǘƛǾŜ ǇǳƭƳƻƴŀǊȅ ŘƛǎŜŀǎŜ ό/ht5ύΣέ нлмрύ. COPD is often used 

an umbrella term gathering both chronic bronchitis and emphysema (Living with COPD, 2015). COPD 

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 other occupational pollutants. The airflow limitation that ensues is 

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

(parenchymal destruction) (Alvaro and Eva, 2007).  
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Although COPD is not a well-known condition, the WHO estimates that by 2030, it will be the 3rd 

leading cause of death world-wide (World Health Organization, 2008). Treatment for COPD is typically 

a combination of pharmacotherapy regimens, including 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) and lung transplants, pulmonary rehabilitation (NICE, 2010). In 

addition to the above, pulmonary rehabilitation is also used to aid the patients to recondition their 

muscles and lungs to deal with the condition. 

1.3 Research Questions and Study Aims 

For this research, the author wishes to identify the components that would allow for the design of 

useful interface to assist in the self-management 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: Is it feasible to design a useful interface for COPD self-

management?  

This study aims to: 

1. Establish if a self-management portal is of interest to both category of stake holders, namely, 

patients and health care providers 

2. What features in such an interface would be 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 forward into future research 

work and developments. 

1.4 Overview of the Research 

To arrive at the findings presented in this study, a two phased approach was undertaken. An in-depth 

literature analysis and review was undertaken, with a view of identifying the core aspects related to 

components understood to be essential to answering the research question. These key components 

are listed in section 2.6. Additionally, from the literature review, a questionnaire was devised to allow 

the participants identify the features and components that they would consider useful in a prototype 



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

Page 12 of 121 
 

interface for self-management of COPD. This prototype would then be evaluated by the study 

participants and the results of this go towards answering the research question.  

1.5 Overview of Dissertation 

The structure of the dissertation is as follows 

Chapter 1 ς this chapter 

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

findings presented. 

Chapter 3 ς Literature Review: This chapter presents the current state of research in the core areas 

identified in this study. This will include: 

- A background in COPD as a medical condition, including the challenges faced by individuals 

with the condition.  

- Physical activity as a treatment method 

- Physical Tracking activity Devices 

- Self-management 

- Behaviour Change and motivational aspects 

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

process of the interface, from questionnaire development to implementing the prototype interface.  

Chapter 5 ς Findings and Results: A breakdown of the results obtained through the various data 

collection methods, and the significance of these results 

Chapter 6 ς Conclusion and Future Work: This chapter will draw on all previous 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. 

1.6 Conclusion 

This opening chapter was composed to outline the flow of the document 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 and Methodology 

2.1 Introduction 

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 assisting its users to self-manage their condition. Of 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 these items were displayed and interacted 

with on a screen.  

Creswell (Creswell, 2003) succinctly summarises the approach required in establishing a research 

design strategy. These questions are summarised as follows: 

- As a researcher, 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 of the three items listed above will be expanded upon in the sections that follow. 

2.2 Knowledge claims ς Research Paradigm 

Knowledge claims are also referred to as research paradigms. Research paradigms can be interpreted 

as a particular philosophy by which one aims to answer a research question. From the outset, this 

study was never going to be an entirely quantitative endeavour, as evidenced by the wording of the 

research question. Thus the paradigm that applied most to the intended course of research is the 

constructivist paradigm (Mertens, 2014), or also called the interpretive paradigm. The 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 complexities for both parties needs to be understood from the standpoint 

of the people living in this world (Schwandt, 2000).  

2.3 Strategy of Enquiry 

As noted in section 2.1 a strategy of enquiry, or as termed by Mertens (2014) a methodology, aims to 

ǇǊƻǾƛŘŜ ŘƛǊŜŎǘƛƻƴ ŦƻǊ ǊŜǎŜŀǊŎƘ ǇǊƻŎŜŘǳǊŜǎΦ aŜǊǘŜƴǎ όнлмпύ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ άŎƻƴǎǘǊǳŎǘƛǾŜέ ƭŀōŜƭ ƻŦ ǘƘŜ 

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 to work with this strategy of enquiry as the 

knowledge sought, would be from an individual, but yet in a social context.  

2.4 Data Collection and Analysis 

Data collection and analysis is determined by the core research methods available to the researcher. 

As stated by (Ford-Gilboe et al., 1995), research methods should not be selected solely because of the 

specific research paradigm chosen, 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;  

o To explore and understand the state of the art in research in relation to the core 

elements that make up the body of the research, as outlined in section 1.5 

- Questionnaires; 

o Questionnaires, based on examples found in the literature were devised to elucidate 

the core components that would contribute towards answering the research 

question.  

o Additionally the questionnaires were designed to extract the items that were deemed 

to be most useful to the participants in order to build the user interface prototype. 

- Evaluation Questionnaire of prototype interface; 

o Having gathered the required information deemed to be potentially useful, a 

prototype interface is to be built. From an evaluation questionnaire based on this 

prototype, response analysis will 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 below in Table 2.1. 

Table 2.1 COPD Stakeholders (Jordan, 2013) 

Category Examples 

Customers Advocacy groups, Support groups 

Employees Respiratory Consultants, Clinical nurse Specialists, Physiotherapists 
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The concept of stakeholders comes from the work of James Caddle  (Paul et al., 2014). His definition 

of a stakeholder is as follows; 

άŀƴȅƻƴŜ ǿƘƻ Ƙŀǎ ŀƴ ƛƴǘŜǊŜǎǘ ƛƴΣ ƻǊ Ƴŀȅ ŀŦŦŜŎǘŜŘ ōȅΣ ǘƘŜ ƛǎǎǳŜ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴέ  

(Paul 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 varied list of 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 consumers of the product 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 way of change to the system or product that they use 

has the potential to impact them. Change in this instance must be managed appropriately and 

carefully so as not to lose this particular stakeholder. The second stakeholder group of interest in this 

study is the 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 in Table 2.2, the Customer stakeholder group is being represented by the patients with 

COPD. These people are clearly the customers here as they are the ones who will be using 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 healthcare sector 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 category was carried out via a visit to a voluntary COPD support group, 

where an initial discussion of the project description took place, and to establish if the group was 

willing to participate. 
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Stakeholders in the Employees category were originally contacted via telephone, to establish interest 

in taking part in the study. Further to this a 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 carried out to identify the main topics 

of relevance to the current course of study. The core areas of interest are listed in Table 2.2 below. 

The areas listed form the primary areas of interest deemed necessary to understand and be 

knowledgeable in the fields pertaining to this study. A literature review is defined as a thorough 

summary and objective analysis of available, and relevant research on the chosen topic (Cronin et al., 

2008). Cronin et al (2008) further add that the goal of a literature review is to bring the reader up to 

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

research in the chosen area. 

Table 2.2 Core Areas of interest in Literature review search 

Area of Interest Learning Objectives 

Burden of Care of COPD, Ireland and Worldwide - To identify the costs, financial and 
otherwise of the caring and managing 
the population with COPD 

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

State of the art of activity trackers - Establish the lay of the land in terms of 
types of activity and exercise trackers 
and their use within the COPD 
population 

Self-management in relation to COPD - Establish the importance and benefit of 
having a self-management plan in 
dealing with the day to day activities of 
COPD 

Behaviour and motivation aspects for physical 
activity in patients with COPD 

- Identify the core components that both 
hinder and aid motivation in the COPD 
population. Additionally identify what is 
being done to engage in behaviour 
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 ƻǊ ά/ƘǊƻƴƛŎ hōǎǘǊǳŎǘƛǾŜ tǳƭƳƻƴŀǊȅ ŘƛǎŜŀǎŜέΦ A selection of these search keywords for the 

sections outlined in Table 2.2 is shown below in Table 2.3 

Table 2.3 Summary list of search terms 

Area of Interest Search Keywords/phrases used 

Burden of Care of COPD, Ireland and Worldwide - ά/ƻǎǘ ƻŦ /ht5έΣ ά/ht5 ōǳǊŘŜƴ ƻŦ ŎŀǊŜέ, 
άŎƻǎǘ ƻŦ ŎƻǇŘ ƛƴ LǊŜƭŀƴŘέΣ άŎƻǎǘ ƻŦ /ht5 
ǿƻǊƭŘǿƛŘŜέ 

Benefits of physical exercise for COPD patients - ά/ht5 physical ŜȄŜǊŎƛǎŜέΣ ά/ht5 
ǿŀƭƪƛƴƎέΣ ά/ht5 ǘǊŀƛƴƛƴƎέ  

State of the art of activity trackers - ά!ŎǘƛǾƛǘȅ ǘǊŀŎƪŜǊǎέΣ ά/ht5 ŀŎǘƛǾƛǘȅ 
ǘǊŀŎƪŜǊǎέΣ άŜȄŜǊŎƛǎŜ ǘǊŀŎƪŜǊǎ /ht5έ 

Self-management in relation to COPD - ά/ht5 {ŜƭŦ-ƳŀƴŀƎŜƳŜƴǘέΣ άǎŜƭŦ-
ƳŀƴŀƎŜƳŜƴǘ Ǉƭŀƴǎ /ht5έΣ άǇŀǘƛŜƴǘ 
ŜŘǳŎŀǘƛƻƴέΣ ά/ht5 {ŜƭŦ-ŎŀǊŜέ 

Behaviour and motivation aspects for physical 
activity in patients with COPD 

- ά/ht5 ƳƻǘƛǾŀǘƛƻƴέΣ ά/ht5 ōŜƘŀǾƛƻǳǊ 
ŎƘŀƴƎŜέΣ ά/ht5 ƳƻŘƛŦȅƛƴƎ ōŜƘŀǾƛƻǳǊέΣ 
ά/ht5 ƳƻǘƛǾŀǘƛƻƴŀƭ ŦŀŎǘƻǊǎέ 

  

The list of search terms and queries above is not exhaustive, but aims to highlight the process involved 

in searching for literature.  

2.6.2 Sites and research materials used 

The terms listed in Table 2.2 were used across a range of different search engines. Initial searches 

were made using both google and google scholar search engines. From the results generated by these 

searches, initial papers were located and briefly reviewed for suitability for inclusion. Other search 

engines used were the IEEEXplore site, Springer Link, ACM Digital Library, PubMed.gov, BMJ, Elsevier, 

and Science Direct. 

Some of the content returned would not be considered άwhiteέ research material, but would be 

classified as άgreyέ material, most notably reports, technical reports and findings from Government 
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organisations, as well unpublished papers and content from websites or articles on websites. This 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 motivation were not specific to COPD, but related to diabetes, obesity or 

cardiac rehabilitation programmes, but were included in the body of research as the content was 

deemed beneficial, and 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 excluded on the grounds that the assumptions made by 

the researcher in this study was that such material and research work would be considerably out of 

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

papers had very little to no inclusion on aspects of physical exercise that are the core of this study.  

Additionally, out of the returned results from direct searches, a large amount of additional research 

material was identified through reading the references in the papers 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 point that this in itself proved a time consuming endeavour, as the 

tendency was to follow up on as many of these potentially interesting references as possible. This 

snowball effect, although beneficial, was also detrimental in terms of time, as a considerable amount 

of time can and was spent following references, discipline is required to call it a day when sufficient 

amount of material has been gathered.    

2.6.4 Breakdown of search results  

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

strategies outlined above is listed in Table 2.4.  

 

 

 

 



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

Page 19 of 121 
 

Table 2.4 Count of research material found per main category 

Area of Interest Number and types of results 

Burden of Care of COPD, Ireland and Worldwide - 11 Journal titles 
- 14 Web Page articles 
- 1 book 
- 4 reports (2 from HSE) 

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

State of the art of activity trackers - 8 Journal titles 
- 14 Web page articles 
- 3 reports 
- 4 conference papers 

Self-management in relation to COPD - 10 Journal titles 
- 1 book section 

Behaviour and motivation aspects for physical 
activity in patients with COPD 

- 30 Journal Titles 
- 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 in Table 2.4, a considerable additional amount of 

research material was identified in other areas. Of 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 project. These are listed in Table 2.5, alongside additional categories reviewed.  
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Table 2.5 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 Care within COPD/Patient Centred - 10 Journal titles 
- 7 Web pages 

COPD research projects ς larger scale, 
telemedicine 

- 10 Journal titles 
- 16 Conference papers 

Totals - 87 Journal titles 
- 36 Web pages 
- 17 Conference papers 
- 9 Reports 
- 5 Book sections 

 

2.7 Ethical Considerations 

As the research project would require the involvement of human participants, ethical approval from 

the research ethics committee in the School of Computer Science and Statistics, Trinity College Dublin 

was required. Approval was granted on the 25th of May 2015. A copy of the approval can be found in 

Appendix I:. 

The supporting documentation for the ethical approval can be found in Appendix A: through to 

Appendix F:. 

The study did not include any medical information, or patient identifiable information, and as such did 

not require further approval from either of the two stakeholder categories. Other 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, and will be destroyed 

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 described the research paradigm employed and the reasons why, while 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 research such as the research presented in this document.   
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Chapter 3. Literature Review 

3.1 Introduction 

This chapter aims to give an insight into the various aspects that form the core of this study. From the 

burden of care that COPD creates on the patient, their family and the health networks, to 

technological components such as activity trackers, and to self-management within COPD which 

touches on behaviour change and motivational characteristics. When combined, each of these areas 

will build a picture of what is being aimed at in this study.   

3.2 Burden of care of 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 COPD όhΩ/ƻƴƴƻǊΣ нлмпύ.  

Currently the burden of care on the Irish health services is visible from the following numbers that 

highlight the situation (HSE, 2013); 

¶ 13,098 primary diagnosis discharge per annum 

¶ 122,263 bed days per annum 

¶ Mean Length of Stay of 9.2 days 

¶ 18,500 exacerbations of COPD in Primary Care per annum 

Average day rate costs for HSE hospital stays average ϵпфп,  whereas HSE Regional hospitals typically 

Ŏƻǎǘ ϵтру ǇŜǊ ƴƛƎƘǘΣ I{9 /ƻǳƴǘǊȅ ƘƻǎǇƛǘŀƭǎ ϵрлсΣ ŀƴŘ I{9 5ƛǎǘǊƛŎǘ ƘƻǎǇƛǘŀƭǎ ϵнмт ǇŜǊ ƴƛƎƘǘύ (Bogan et 

al., 2010). COPD patients over the age 65+ would stay on 9 nights on average, which adds up to 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵтΣллл ǇŜǊ ǎǘŀȅ. This cost would exclude the actual medical and staff costs associated 

with treating the condition. In the Royal College of Physicians of Ireland (RCPI) positional paper on 

COPD όhΩ/ƻƴƴƻǊΣ нлмпύΣ hΩ/ƻƴƴƻǊ ƭƛǎǘǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜǎ ŀǎ Ŏƻǎǘǎ ǘƻ ǘƘŜ ƘŜŀƭǘƘŎŀǊŜ ǎȅǎǘŜƳ 

attributable to COPD in 2011.  

- 110,242 bed days = ϵфмΣмусΣуфр 

- 3,269 day cases   

- For patients with primary and secondary diagnosis of COPD, 29,072 bed days = ϵнпуΣмтрΣому 
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- Lƴ нлмоΣ Ŏƻǎǘǎ ŦƻǊ ǇŀǘƛŜƴǘǎ ŀǘǘŜƴŘƛƴƎ ƘƻǎǇƛǘŀƭ ƻǳǘǇŀǘƛŜƴǘ ŘŜǇŀǊǘƳŜƴǘǎ ŜǉǳŀƭƭŜŘ ϵфΣртрΣстл 

- aŜŘƛŎŀǘƛƻƴ ƛƴ нлмнΣ ǳƴŘŜǊ ǘƘŜ {ǘŀǘŜ Ǌǳƴ ŘǊǳƎǎ ǎŎƘŜƳŜΣ Ŏƻǎǘ ϵсрлΣллΣллл 

All of the amounts listed aim to highlight the high cost of caring for patients with COPD in Ireland 

ŀƭƻƴŜΦ hΩ/ƻƴƴƻǊ (2014) further highlights that in the EU in 2011, the annual economic burden of COPD 

ǘƻǘŀƭƭŜŘ ŀ ǎǘŀƎƎŜǊƛƴƎ ϵмпмΦп ōƛƭƭƛƻƴΦ This amount can be broken down as follows; 

- ϵноΦо ōƛƭƭƛƻƴΤ ŘƛǊŜŎǘ ƘŜŀƭǘƘ ŎŀǊŜ Ŏƻǎǘǎ 

- ϵнрΦм ōƛƭƭƛƻƴΤ ƛƴŘƛǊŜŎǘ Ŏƻǎǘǎ 

- ϵфо ōƛƭƭƛƻƴΤ ƳƻƴŜǘƛǎŜŘ Ŏƻǎǘ ƻŦ 5ƛǎŀōƛƭƛǘȅ-Adjusted Life Year (DALY)(WHO, 2015b) 

These figures highlight the economic burden of treating COPD, let alone the burden imposed on the 

patients and their families which is equally difficult to bear.  

To add to the overall picture of the burden of care for COPD in Ireland, the cost of healthcare in Ireland 

has steadily risen since 2005, making it one of the highest among the EU15 (Callan et al., 2011). In that 

period (2005 to 2012), the cost of healthcare has risen by 20%. Furthering the difficulties, the budgets 

available to healthcare have already been heavily cut in the last couple of years. Table 3.1 shows the 

savings required in the health care budget from 2012 through to 2014 (Evetovits, 2012). 

Table 3.1 Savings required in Irish Healthcare spending 

Year Savings Required (in Millions) 

2012 -ϵтор 

2013 -ϵорн 

2014 -ϵплп 

Total -ϵмΣпфм 

 

The above reductions in the Irish Health Care budget put a greater strain on all services that were 

being provided, meaning that fewer and fewer services are made available. This is especially true in 

the case of long term programmes and preventative measures required by certain medical conditions. 

With the upturn in the economy that has been slowly emerging, the 2015 Health service budget saw 

the first increase for seven years, albeit modest in terms of the amounts involvedΦ !ƴ ŀŘŘƛǘƛƻƴŀƭ ϵсор 

Ƴƛƭƭƛƻƴ ƛƴ ǎǇŜƴŘƛƴƎΣ ǿƛǘƘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŎŀǇƛǘŀƭ ōǳŘƎŜǘ ƛƴŎǊŜŀǎŜ ƻŦ ϵоун Ƴƛƭƭƛƻƴ  
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As a result of the lack of investment in the overall health infrastructure over the last decade, 

development in Primary care initiatives, among others, have suffered a great deal. Many 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. Both ǘƘŜ άIŜŀƭǘƘ ǎȅǎǘŜƳ ǊŜǎǇƻƴǎŜǎ ǘƻ ŦƛƴŀƴŎƛŀƭ ǇǊŜǎǎǳǊŜǎ ƛƴ LǊŜƭŀƴŘέ ǊŜǇƻǊǘ (Evetovits, 2012) 

ŎƻƳƳƛǎǎƛƻƴŜŘ ōȅ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘΣ ŀƴŘ ŎƘŀǇǘŜǊ н ά¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ LǊƛǎƘ IŜŀƭǘƘ 

System in an Internŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘέ ƛƴ ǘƘŜ .ǳŘƎŜǘ tŜǊǎǇŜŎǘƛǾŜ нлмн ǊŜǇƻǊǘ (Callan et al., 2011) 

commissioned by the ESRI, refer to the fact that Ireland has particular inefficiencies 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 OECD (OECD, 2012) (Figure 3.1) 

 
Figure 3.1 Graph showing OECD COPD Hospital admission rates with Ireland at the top. 

With such high numbers within the existing population, looking 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 (ITS/HSE/ICGP, 2008), the 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 potential economic and social impact of more individuals being diagnosed with 

COPD. 

The National Clinical Care programme for COPD (HSE, 2013) aims to put in place a 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 tools. The key objectives of this Clinical care programme are to improve the quality of 

care by decreasing mortality and morbidity of patients with early and correct diagnosis. Included in 
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this is notion of providing the correct treatment based on accepted best guidelines for treatment 

which spans all care providers, from pharmacies to GPs and includes self-management. Another key 

objective is to improve access to facilities and treatments such as pulmonary rehabilitation. From an 

access standpoint, implementing COPD outreach centres and programmes aims to reduce admissions 

to hospitals, thereby reducing cost but more importantly keeping the patients, when possible out of 

hospital and within their own home environments. The stated aims and objectives of this programme 

would help in reducing the overall burden of care on both the health system, but more importantly 

on the patients themselves. 

3.3 Physical 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 the airways. 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 result (Troosters et al., 2013). This leads to a vicious cycle in which the patient is not 

willing to exercise, as they 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 activities (see Figure 3.2). 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. (Garcia-Aymerich et al., 2006) have shown that physical activity levels are 

mortality predictors and also predictors of hospitalisations, and that poor levels of activity contributes 

to a progression of the disease.  

Activities are avoided for fear 

of more breathlessness

Feeling of breathlessness

Less activity is carried out

Muscles weaken, become 

less efficient

More breathless when 

attempting other activities

 

Figure 3.2 Cycle of Inactivity and Breathlessness 
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Troosters et al. (Troosters et al., 2013) make an important distinction in that physical activity is quite 

different to exercise tolerance. Physical activity can be defined as the act of exercising, whereas 

ŜȄŜǊŎƛǎŜ ǘƻƭŜǊŀƴŎŜ ƛǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀōƛƭƛty and tolerance to carrying that exercise. This distinction is 

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 level of benefit that physical activity has in 

managing COPD. Watz et al. (Watz et al., 2009) list a number 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 example, Watz 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 

establishing 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 their own study Watz et al. (2009) noted results 

improved when the duration of the study increased.  

Measurement of exercise capacity, in patients with COPD has been found to be a valuable and 

important clinical outcome (Glaab et al., 2010), 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 proven. Glaab et al. (2010) note that 

ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǎŜƴǎƛǘƛǾƛǘȅ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴŎŜǎ ŘŜǾƛŎŜǎ Ƙŀǎ ōŜŜƴ ŘŜǘŜŎǘŜŘΦ Lǘ ƛǎ ǘƘŜ ŀǳǘƘƻǊΩǎ ōŜƭƛŜf 

that although this may the case, the very specifics of the data recorded need not be fully accurate in 

order to give the user a good sense of their activity levels. That being said, in the greater context of 

providing a platform from which self-management of COPD is to be established, these variabilities in 

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

representation of a patients activity levels. 

3.4 Physical 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 validated study, and also the potential ethical issues that would be 

involved in generating the exercise programs required to collect the required data, and the clinical 

involvement and supervision that would be required. This section will deal with describing the 

technology and modalities of various physical activity tracking devices, and the role they would play 

in the overall system discussed. 
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Wearable computing and devices, which can be defined as sensor tools that collect data that can be 

worn about the body (bracelets, watches, earings, etc) are following 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 smart phones, to provide a 

whole new range of data sets (PWC, 2014). Smaller, cheaper to produce and more accurate sensors 

are adding to the wealth of data generating options available today. Generating data in and of itself, 

is not difficult, it is the meaningful interpretation and presentation of this data that is of primary value 

which provides the utility of these devices.  

The last number of years has seen a proliferation of activity trackers and fitness trackers, and 

according to sites that track the development of such devices, it appears many more are on the way 

όά/ƻƳǇŀǊŜ !ŎǘƛǾƛǘȅ ¢ǊŀŎƪŜǊǎκCƛǘƴŜǎǎ .ŀƴŘǎΣέ нлмпύ.  

Figure 3.3 shows the variety of types that activity trackers come been developed in recent times.  

 

Figure 3.3 Different types and shapes of activity trackers όά/ƻƳǇŀǊŜ !ŎǘƛǾƛǘȅ ¢ǊŀŎƪŜǊǎΣέ нлмпύ 

Activity trackers as the ones shown in the figure above, store and record activity data. In some cases, 

this data is exportable by the device owner, but in some cases, only in limited fashion or by paying for 

a premium package. One such device brand that typically requires additional payment is the Fitbit 

brand (FitBit Inc., 2015) but it by no means not 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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available (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 can be of considerable use, as it can 

show trends in activity, the more detailed data is not as easily accessed. In the case of the Fitbit 

devices, this level of granular data is called intraday data, and measures the activity recorded within 

short intervals of time, 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 API developer 

team, which makes it ungainly for usage in the wider community (Fitbit, 2014). Other methods of 

extracting this data do exist, but are more work around solutions rather than an actual direct API link 

(Ramirez, 2014). With 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 of the 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 the correct 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 smart phone, 

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 laptop. This is important to note as although 

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

population above a certain age. Barriers 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 elements on the device screens, and just as importantly a lack of knowledge and interest in such 

devices with these capabilities (Mohadisdudis and Ali, 2014). There is an upward trend in the usage 

ŀƴŘ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ǎƳŀǊǘǇƘƻƴŜǎ ŦƻǊ ǘƘŜ ƻǾŜǊ ррΩǎΣ ōǳǘ ŀǎ ǊŜǇƻǊǘŜŘ ōȅ ŀ ǊŜǇƻǊǘ ŦǊƻƳ 5ŜƭƻƛǘǘŜ (Lee et 

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 section. The daily 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. Table 3.2 and Figure 3.4 show how this data be interpreted and 

displayed. 
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Table 3.2 Daily totals of activity levels 

Date 
Total 
Steps  

Total 
Distance 
Covered  

Sedentary 
Minutes  

Lightly 
Active 
Minutes  

Fairly 
Active 
Minutes  

Very Active 
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 

 

 

Figure 3.4 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 other hand, shows the activity levels during the course of the day, at 1 minute 

intervals, as shown in Figure 3.5.  
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Figure 3.5 Full day of intraday data for 24 April 2015 

The chart generated above is from the intraday data for 24th of April 2015 (see Table 3.2 Daily totals 

of activity levels for 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 on this 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 getting off the train, getting 

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

 

Figure 3.6 Zoom on activity period between 8:51am and 9:06am 
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Outside of the well-known manufacturers, there are also other companies creating sensor devices 

suitable for activity tracking. One such device is the MetaWear board from a company called 

Mbientlabs (Mbientlab, 2015). They develop small sensors boards that contain all the required 

electronics to create tri-axial pedometers. Additionally, a fully specified API is available for developers 

to develop their own applications based on these sensors. In terms of the MetaWear board, this is 

already the case with two pedometer based applications available on the both the Apple App Store, 

and google play (Gleeson, 2015) 

3.5 Technology Acceptance 

In a report from Arning et al. (Arning and Ziefle, 2009) they state that 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 condition. In 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 an eHealth system aimed at an elderly population, usability and reliable 

technology that can be trusted with personal data would lead to a greater chance of the technology 

in question being accepted. Arning and Ziefle (2009) emphasise the point that in order for the system 

to be ultimately accepted and used by the target audience, usability ought 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) highlight that their 

research shows that users of eHealth technologies would be more willing to deal with the complexities 

of data safety. In conjunction with this, they have also remarked that the users of eHealth technologies 

are more disposed to sharing of their personal data with appropriate professionals 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 personal information 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 and in some 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 individuals, regardless 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 report (PWC, 2014) on Wearable 

technology market acceptance  in the U.S. indicates that 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 to include that if such technology were made available as part of 

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

wider acceptance. A similar idea was carried out during the O2 trial in conjunction with the NHS όάhн 

μ hн IŜŀƭǘƘ μ IŜŀƭǘƘ ŀǘ IƻƳŜΣέ нлмоΣ άhн IŜŀƭǘƘ ƭŀǳƴŎƘŜǎ IŜŀƭǘƘ ŀǘ IƻƳŜΣέ нлмоύ, where The O2 

Health at home package provided the patients with the following tools όάhн IŜŀƭǘƘ ƭŀǳƴŎƘŜǎ IŜŀƭǘƘ 

at Home ǘŜƭŜƘŜŀƭǘƘ ǎŜǊǾƛŎŜΣέ нлмоύ;  

- Tablet computer, pre-loaded 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 thereby reducing their 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 CommonWell (Delaney et al., 2012) aimed to 

overcome a gap in communications that existed between health and Social care provision. The service 

was rolled out to COPD patients that had been discharged from hospital. A specific discharge pathway 

specially designed for them was provided which included 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 necessary. Throughout the course of the study some 

of the benefits were noted as follows, notably 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 results are stated to demonstrate the fact that even with the technology overhead of 

having to deal with a number of monitoring devices, considerable benefit was achieved by all parties. 

It is believed that because the benefits were felt and noticed and the design of the system was such 

to make it useable for the user that such benefits were 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 and Health Related Quality of Life 

Health Related Quality of Life (HRQoL) is defined by the Centre for Disease Control   as follows  

άIwvƻ[ ƛǎ ŀ ōǊƻŀŘ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ŎƻƴŎŜǇǘ ǘƘŀǘ ǳǎǳŀƭƭȅ ƛƴŎƭǳŘŜǎ ǎŜƭŦ-reported 

ƳŜŀǎǳǊŜǎ ƻŦ ǇƘȅǎƛŎŀƭ ŀƴŘ ƳŜƴǘŀƭ ƘŜŀƭǘƘΦέ (CDC, 2011) 

 This definition is quite broad, as is the topic of Health related quality of life. The definition given above 

aims to highlight that in order to assess the health of individual, more than just physical characteristics 

need to be taken into consideration. The 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 COPD, which will be discussed in greater detail in section 3.7.  

Assessing an ƛƴŘƛǾƛŘǳŀƭΩǎ HRQoL is not a straightforward matter, and is at the centre of many research 

projects involved in COPD, and is typically done by means of questionnaires (Blanco-Aparicio et al., 

2013; Engström et al., 1998; Mazur et al., 2011; Puhan et al., 2007; Schünemann et al., 2005; Sintonen, 

2001; Ståhl et al., 2003) . There exists many of these questionnaires, and some with more reported 

successes than others in relation to capturing the required information, namely measuring the 

patients perceived health related quality of life.  Table 3.3 outlines a selection of the questionnaires 

reviewed. 

Table 3.3 Selection of HRQoL Questionnaires reviewed  

Name Description and usage  

LINQ Based on interview questions designed and validated by COPD patients. It is 
interested in determining level of knowledge needs of patients. It is a self-
administered questionnaire. LINQ was designed to assist clinicians in establishing 
what patients would benefit from information, and just as importantly, the type 
information this patient requires. (Hyland et al., 2006; Jones et al., 2008) 

BCQK  It tests knowledge that is appropriate for COPD patients of the condition. In many 
way is it similar to the LINQ questionnaire, in its aims and objectives. Also of note is 
that this questionnaire has also been used to test the knowledge of HCPs involved in 
the care of patients with COPD. (Edwards and Singh, 2012; White et al., 2006) 

St. George's 
Respiratory 
Questionnaire 
(SGRQ) 
  

Disease-specific instrument designed to measure impact on overall health, daily life, 
and perceived well-being in patients with obstructive airways disease. A popular 
and often used health status questionnaire, which has been validated across generic 
disease conditions, and COPD/Asthma specifically. (Jones, 2001; Puhan et al., 2007) 
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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 strenuous activity 
(Aquiles Camelier, 2003, p. 20). 

BPQ and BPQ-S Neither versions have any direct questions that are related to physical activity or 
exercise. The questions are more related about how the individual feels when taking 
part in some activities and gauges the level of discomfort during those activities 
(Hyland et al., 1998).  

COPD Activity 
Rating Scale 
CARS 

Aim is to measure life-related activities in patients with COPD, essentially how much 
the individual is affected by their condition by rating their ability to carry out certain 
tasks (Morimoto et al., 2003).  

COPD Test 
Online (CAT) 

Simple test which aims to measure the impact of the condition on the individual. 
Again, no specific question asking the user about activity of exercise levels (Jones et 
al., 2009).  

CCQ The Clinical COPD Questionnaire (CCQ) measures health status and can be used to 
assess health-related quality of life (HRQL) (Sundh et al., 2012) 

SF-36 (RAND) A set of generic, coherent, and easily administered quality-of-life measures. These 
measures rely upon patient self-reporting and are now widely utilized by managed 
care organizations όά{C-ос {ǳǊǾŜȅ ŦǊƻƳ ǘƘŜ w!b5 aŜŘƛŎŀƭ hǳǘŎƻƳŜǎ {ǘǳŘȅΣέ нллфΤ 
Mahler and Mackowiak, 1995)  
 

Chronic 
Respiratory 
Disease 
Questionnaire 
(CRDQ) 

Disease specific HRQL that contains four dimensions. Includes the following areas 
¶ Dysponea 
¶ Fatigue 
¶ Emotional function 
¶ Feeing of control over disease  
(Guyatt et al., 1987) 

 

Please note that Appendix G: contains links to the actual questionnaires listed above for further 

review.  

The questionnaires listed in Table 3.3 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 measure the impact of 

ŘƛǎŜŀǎŜ ƻƴ ŀ ǇŀǘƛŜƴǘΩǎ ƭƛŦŜ ƛƴ ŀ ǉǳŀƴǘƛŦƛŀōƭŜΣ ƻōƧŜŎǘƛǾŜ ŀƴŘ ǎǘŀƴŘŀǊŘƛǎŜŘ ƳŀƴƴŜǊ (Jones, 2001). These 

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 disease on the patient 

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 are many Health Status/HRQoL questionnaires available, each with varying levels of 

success in establishing their stated aims, it is important to note the observations of Jones (2001). 

Namely that in treating chronic conditions, if a patient is able to identify and point to the fact that the 

impact on their daily life due to their disease has been reduced and 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 

questionnaires are used over a period of time in order to establish the benefits of a particular 

treatment course and or pulmonary rehabilitation programme. Typically 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 status, and then at the end to establish if the treatment plan has had an impact on their health 

status.  Such questionnaires are also used to get a point in time view of the ǇŀǘƛŜƴǘΩǎ health status. 

The aim of these questionnaires, is to assess in one form or another, 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 the 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, 2012). With the care and management of COPD moving even 

more into the realm of primary care, gauging the level of knowledge that general practitioners, 

community nurses and ambulatory care service providers about the condition proves equally 

important in ensuring that the correct care is given in the correct context at the correct time.  

In the context of this particular study, the focus was primarily on identifying questionnaires that 

attempted to measure the impact and benefits of physical activity, and those that did not. The purpose 

of this was to attempt to establish linkages within these questionnaires as to the benefits of physical 

activity and how such questions were being asked. This was done to assist in formulating the wording 

in the data collection questionnaires (see Appendix A: and Appendix B:). 

3.7 Self-management and Behaviour 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 of self-management and behaviour are 

required. The reason for this is multi-faceted, and is broken down as follows.  

Self-management: 

- 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 the proposed 

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 chunks to help to overcome them. The design of 

the user interface must make use of behaviour change techniques (motivation/goal setting 

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

As defined by Effing et al. (Effing et al., 2012), self-management plans ought to aim for structural 

behavioural change, which would in turn carry on with the beneficial treatment effects after 

programmes (pulmonary or others) have been completed. Notably, Effing (2012) also states that these 

programmes of behaviour change should be tailored for the individual receiving it, be mindful and 

take the participants perspectives into account and be ready to change as the ǇŀǊǘƛŎƛǇŀƴǘΩǎ condition 

changes over time and if other co-morbidities come into play.  

By definition self-management plans infer that they are plans that are managed by the individual 

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 meaning to the self-management plan (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 self-management plans (Apps et al., 2013; Effing 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 self-management plans, then their efficacy can be questioned. The non-standardised 

approach in this case poses a difficulty in establishing good baselines and controls against which to 

form judgements on the benefits and values of various components of the self-management plans. In 

contrast to this Bourbeau and Palen (Bourbeau and Palen, 2009) state that there is now enough 

sufficient scientific evidence to support the claim that self-management plans are worthy of 

recommendation to patients with COPD. This is in contrast to statements by Benzo (Benzo et al., 2013) 

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

benefiting patient with COPD (Benzo, 2012; Bucknall et al., 2012; Fan et al., 2012) 

3.8 User interface for 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 useful. Behavioural 

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 provided has to be tailored to the 

situation at hand, as well as being subtle and easy to process and digest (Nawyn 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 principles which include among others, self-monitoring, 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. Fogg (Fogg, 2002).  

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

behaviour modification into a table similar to the one shown in Table 3.4 

Table 3.4 Behaviour modification: pro-active interface strategies 

Strategy  Definition 

Goal Setting 
The setting of concrete achievable goals 
promotes behaviour change by orientating the 
individual toward a definable outcome 

Self-monitoring 
The evaluation of progress towards specific 
outcome goals helps people who are motivated 
to change their behaviour more effectively 

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

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

Shaping 
Pre-existing behaviour can be conditioned into 
a more suited behaviour by rewarding near 
misses to the actual end goals 

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

  

Interface built using the strategies listed in Table 3.4 are more likely to be effective in getting the 

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

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 solution can be designed and implemented.  

 



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

Page 39 of 121 
 

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 section 1.3. The 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 of this section is to highlight the rationale for including and developing certain 

sections of the interface over others.  

4.2 Questionnaire Design 

The questionnaires were designed to gather as much relevant and specific information that would 

allow for the building of a suitable prototype. In order to do this, the questionnaires were made up of 

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

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

Table 4.1, along with a brief description of what was sought from those sections.  

Table 4.1 Listing categories used in questionnaire, along with description 

Questionnaire Section Brief Description 

Section 1: Demographic/Condition details 

Questions 1 to 6 

Section used to map out demographic details of 
cohort participants. Also aimed at getting 
information regarding exposure to health 
professionals. 

Section 2: Self-management  

Questions 7 to 13 

Section used to identify why exercise may not be 
undertaken 

Section 3: Reasons for not exercising  

Question 14 

Section used to establish the prevalence and 
prior knowledge of Self-management within 
COPD 

Section 4: Motivational considerations 

Questions 15 to 20 

Section used to establish what motivational 
considerations were in play for cohort 
participants getting involved in exercise 
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Section 5: Goal Settings and objectives 

Questions 21 to 24 

Section used to establish what the cohort would 
identify as beneficial in settings goals and 
objectives 

Section 6: Environment 

Questions 25 to 28 

Section used to establish if the local 
environment of the participant was suitable for 
exercising 

Section 7: Technology  

Questions 29 to 41  

Section used to get establish the technical 
proficiency of participants 

Section 8: User interface (UI) Queries 

Questions 42 to 46 

Section used to establish what visual forms for 
interpreting the data would be considered most 
beneficial 

Section 9: Activity Based information 

Questions 47 to 54 

Section used to establish baseline points of view 
into the types and levels of activities the 
participants were involved in 

Section 10: Additional questions 

Question 55 

Section used to identify other components that 
would not fall directly into any of the categories 
listed above 

 

4.2.1 Demographics/Condition 

Demographic data in a questionnaire is used to determine the characteristics of a population. In order 

to get a sense of the demographic spread, the basic demographics questions of age, gender, and 

occupation were asked. Following a number of questions relating to their condition was also asked. 

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

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

4.2.2 Self-management 

¢ƘŜ ǉǳŜǎǘƛƻƴǎ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ŀǊŜ ōŀǎŜŘ ƻƴ ǊŜǎŜŀǊŎƘ ǘƘŀǘ ǎƘƻǿǎ ǘƘŀǘ ƘŀǾƛƴƎ ŀ ǎŜƭŦπƳŀƴŀƎŜƳŜƴǘ Ǉƭŀƴ ƛǎ 

beneficial to patients with COPD, and that being involved in the formulation ƻŦ ǘƘŜ ǎŜƭŦπƳŀƴŀƎŜƳŜƴǘ 

plan benefits the individuals as it provides them with a greater sense of engagement in the process 

(Bourbeau et al., 2004; Bourbeau and Saad, 2013; Effing et al., 1996, 2012). This has been discussed 

in greater depth in section 3.7. 
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4.2.3 Reasons for not exercising  

The reasons why someone may not partake in physical exercise can be varied. Lack of motivation, lack 

of time can be included among those reasons. For individuals suffering from COPD, the condition can 

engender real reasons such as fear of shortness of breath. This section of the questionnaire was 

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.  (Danilack et al., 2013) carried out such a study and 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 set (Consolvo et al., 2009, 2008, 2006; Hilberink et al., 2006). 

4.2.5 Goal Settings and objectives 

The importance of setting goals cannot be under estimated. Goals are required in order to set the 

pace and the direction that the patient both needs and wants to go to (Consolvo 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 Danilack et al. (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 alternate 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 or not the technology would be a barrier for them in making use of such a system (Bickmore 

et al., 2005). Understanding the level of technological knowledge is of key importance, especially to 

determine to core technology items that they use. If the participants primarily used PCs for example, 

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

as a result, would not have the same effect. 
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4.2.8 UI/Interface 

These questions are being asked to get an idea of the ƎǊƻǳǇΩǎ preference to one representation of the 

activity data over another. 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 information should best 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 aimed to 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-

management 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.  

4.3 Design Principle 

The design principle used for the development of the interface was based on the User-centred design 

process (Norman and Draper, 1986). The process aims to involve the user from the earliest stages and 

throughout the course of the development of the interface. This level 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 different 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 user-centred design process can be represented as shown in Figure 4.1 User-Centred Design 

Process. 
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Figure 4.1 User-Centred 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 user-centred process also works along the following key principles  (Usabiltiy.net, 2015) 

- Design for the users and their tasks 

- Be consistent 

- 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 and fast 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 functional system, 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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4.4 User-Interface Prototype 

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

in section 4.2, and the results of phase 1 of the questionnaire gathered in discussed in section 5.2. 

The prototype interface was built using a tool Proto.io (http://proto.io ).  

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

remainder of the prototype screenshots are viewable in Appendix H:. 

4.4.1 Option 1 ς Accessing 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 

 

Figure 4.2 Initial Home Screen 

 Error! Reference source not found. shows an alternate screen displaying different colours if the 

activity is not in line with the goals set, and if the weather is inclement.  

1 

2 

3 
4 

5 

http://proto.io/
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4.4.2 Option 2 ς Help Screens  

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

help material such as training videos, and a link to the medication notes section. 

The user has a number of options here: 

1) Click on the Self-management if feeling well button 

2) /ƭƛŎƪ ƻƴ ǘƘŜ ά²Ƙŀǘ Řƻ ƛŦ ŦŜŜƭƛƴƎ ǳƴǿŜƭƭ ōǳǘǘƻƴέ 

3) /ƭƛŎƪ ƻƴ ǘƘŜ ά²Ƙŀǘ ǘƻ Řƻ ƛŦ ŦŜŜƭƛƴƎ ǾŜǊȅ ǳƴǿŜƭƭέ ōǳǘǘƻƴ 

4) /ƭƛŎƪ ƻƴ ǘƘŜ ά²Ƙŀǘ ǘƻ Řƻ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀƴ ŜƳŜǊƎŜƴŎȅέ 

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

has more videos. 

6) Click on the Medication Notes button to bring them to a page with details on their medication 

7) /ƭƛŎƪ ƻƴ ŀƴȅ ƻŦ ǘƘŜ ƭƛƴƪǎ ƛƴ ǘƘŜ ά¦ǎŜŦǳƭ wŜǎƻǳǊŎŜǎέ ǘƻ ƎŜǘ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ 

 

 

Figure 4.3 Initial Screen of Help Section 

Of the options 1 to 5, each of those brings the user to a new page, where they can view helpful 

information to help them manage their condition depending on they feel at the time, but also record 

how they are feeling. These records are avaible for them to view within the interface, and also to send 

them to a either a pre-selected contact, or a free-form 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 ς Charts Screen 

This screen gives the user the option of viewing their step 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 Figure 4.4. Again the user has a number of options here: 

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

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

3) Click on View Monthly report which will show them a Monthly summary report of their 

activity, and also provide a button to compare activity versus wellness data. 

 

 

 

Figure 4.4 Initial page of the Charts page 

4.4.4 Option 4 ς 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 distance walked in one day 



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

Page 47 of 121 
 

 

Figure 4.5 Initial (and only) Screen of Goal Setting page 

4.4.5 Option 5 ς 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. ¢ƻŘŀȅΩǎ ŀŎǘƛǾƛǘȅ Řŀǘŀ 

b. This ǿŜŜƪΩǎ activity data 

c. Last ƳƻƴǘƘΩǎ activity data 

2) To select the recipient from a pre-defined list 

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 self-management screens in the Help section.  

4.5 Access to Prototype  

The prototype can be viewed at the following URL:  

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

 

 

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





















































































































































