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ABSTRACT 

 

In 2018, 20.1% of the worldwide population was affected by the Overactive Bladder 

(OAB) condition. Although treatable, it remains undertreated and undiagnosed. Since 

mobile health applications are increasingly being used to support people during self-

managed treatment, a smartphone could be the ideal technology for an OAB mobile health 

application. This research aims to investigate whether a mobile health application could 

be an appropriate tool to help people suffering from OAB symptoms increase their 

adherence to self-managed treatment and raise awareness of symptoms. 

The research conducted in this thesis began with a detailed literature review, followed by 

requirements gathering interviews with healthcare professionals and co-design interviews 

with people suffering from OAB symptoms (end-users). Based on the literature review 

and requirements gathering findings, a first application prototype was designed and 

developed. As part of an iterative design process, interviews were later carried out with 

the same two stakeholder categories to evaluate the prototype and understand how the 

user interface and the interaction with the functions can be improved. Following the 

prototype interview findings and a second development phase, the application was 

evaluated during a short field study of nine days with end-users. The study aimed to 

understand whether using the application in a real-life context has an impact on how end-

users view it and if the application contains any outstanding usability issues. Following 

the short field study findings and a third development phase, a six weeks uncontrolled 

field study was conducted with end-users. The aim was to determine whether the 

application has the potential to raise awareness of symptoms and help people adhere to 

self-managed treatment. 

The research presented in this thesis is the first known attempt of investigating how a 

mobile health application could actively support people suffering from a sensitive 

condition such as OAB. This investigation uniquely involved people suffering from OAB 

symptoms in the design and evaluation studies. This thesis provides contributions to the 

Human-Computer Interaction field by showing that gender is an important factor that 

needs to be considered when gathering design ideas with people suffering from a sensitive 

health condition. This thesis also makes design recommendations, that could potentially 

be applied to other mobile health applications for sensitive health conditions. Moreover, 

it demonstrates that a mobile health application has the potential to help people adhere to 

OAB self-managed treatment and raise awareness of symptoms. 
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Chapter 1. Introduction 
This thesis contributes to the field of Human-Computer Interaction (HCI) by investigating 

whether a User-Centered Designed mobile phone application is a suitable technology to 

assist people suffering from Overactive Bladder (OAB) symptoms in self-managing their 

condition. This research is not aware of any previous work that investigated the different 

ways in which a mobile phone application could actively support people suffering from 

OAB symptoms to self-manage their condition and what issues this may bring to the User-

Centered Design process and the ultimate design of the application.  

In this thesis, two main problems were identified by the literature review and OAB 

experts: 1) people suffering from OAB do not seek medical help, and 2) people are not 

motivated enough to continue with their self-managed treatment. It was therefore 

proposed that a mobile phone application, made available for anonymous download, 

could be designed to address these problems. The application would engage users by 

showing progress, providing exercise and fluid intake reminders, and distraction 

techniques to help control the urge to urinate. Moreover, it would support people with 

OAB symptoms by offering a bladder diary to track their symptoms, a toilet pass, a 

treatment outline, and a map displaying the nearest toilet locations.   

This chapter starts with the aims and objectives of the thesis, followed by an overview of 

the condition and a review of mobile health applications. The chapter concludes with the 

thesis's main contributions and an outline of the chapters presented in this thesis. 

1.1 Aims and Research Questions 

The main aim of this Ph.D. is to understand whether a mobile phone application could be 

designed in such a way as to increase adherence to OAB self-managed treatment and raise 

awareness of symptoms. This Ph.D. hopes to answer the following research questions:  

RQ1: What are the functionalities that a mobile health application should have to support 

people suffering from a sensitive condition, such as Overactive Bladder, during self-

managed treatment? 

RQ2: Do the answers regarding functionalities found as a result of findings from RQ1 

differ between people suffering from OAB symptoms and stakeholders (e.g., healthcare 

professionals), literature, and standard care? 
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RQ3: Can field trials provide results that enable conclusions to be made as regards to 

how and whether an application can support people suffering from a sensitive health 

condition, such as Overactive Bladder? 

RQ4: How can the application be designed to help people adhere to OAB self-managed 

treatment? Specifically, what tools and techniques can help people resist the urge to go 

to the toilet? 

To answer these questions, the following objectives were identified:  

1. Conduct a detailed understanding of the condition and the issues surrounding it.  

2. Understand healthcare professionals’ views about the condition and a potential 

OAB mobile phone application.  

3. Follow a User-Centered Design methodology to gather design ideas for the 

proposed application.  

4. Investigate whether the methodology chosen can cause any emotional distress in 

participants since OAB is perceived as an embarrassing condition. 

5. Develop an application prototype and confirm design decisions with stakeholders. 

6. Conduct short field studies to evaluate the usability of the application.  

7. Understand whether the procedure followed during the evaluation process is 

suitable for participants. 

8. Analyze the outcomes of the usability evaluations and understand how the 

application can be improved to satisfy users’ needs.  

9. Implement possible changes and prepare the mobile phone application for a long-

term field study.  

10. Continue improving the application through an iterative process. 

Based on previous research focusing on mobile health applications, it was decided to 

apply a User-Centered Design methodology by involving people with OAB symptoms 

within different phases of the research project. Fig. 1.1 presents the workflow that was 

used during the entire Ph.D., highlighting the user involvement from the requirements 

gathering phase until the final evaluation.  

Ethical approval was necessary since the studies involved conducting interviews with 

potential end-users, questionnaires, usability testing, and field studies (Appendix 5.1). 

Heriot-Watt University approved all the research procedures involved in the study. The 

European Commission adopted in 2016 the General Data Protection Regulation (GDPR) 

to protect individuals’ data (“General Data Protection Regulation,” 2018). The new 



 

3 

framework became applicable to all European Union Member States in May 2018. 

Therefore, a new ethical approval was sought and approved by Heriot-Watt University 

(Appendix 5.2), highlighting how the application complies with the new GDPR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.1: The workflow employed in this thesis. 
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1.2 Overactive Bladder and Mobile Health 

Technologies 

The International Continence Society defines OAB as frequency (more than eight voids 

per day), urgency (with or without incontinence), and nocturia (more than two voids per 

night) (Thüroff et al., 2011). By the end of 2018, 20.1% of the worldwide population (546 

million people) was affected by this condition and it is estimated that the number of 

people suffering from it will increase annually (Irwin et al., 2011). OAB affects the 

quality of life of those suffering from its symptoms in various ways: (1) psychological 

(depression), (2) social (withdrawal from social life), (3) physical (limited physical 

activities), and (4) occupational (low work productivity) (Jackson, 1997).  

Since drugs have side effects (e.g., dry mouth, constipation, blurred vision) (Couture, 

2000), OAB healthcare professionals are encouraged to suggest non-pharmacological 

therapies first (e.g., lifestyle changes, Pelvic Floor Muscles training, and bladder 

training). These therapies are an effective approach that can cure or ameliorate up to 70% 

of cases (Booth et al., 2009). A scientific literature review conducted on Lower Urinary 

Tract Symptoms in women shows that behavioral interventions can reduce the frequency 

of urinary incontinence in up to 85% of patients (Bradway et al., 2008). Even though it is 

a treatable condition, OAB remains undiagnosed for several reasons: embarrassment, lack 

of knowledge of existing treatment, and the misperception it is an age-related condition 

(Jamshidi et al., 2011). Although the traditional treatment has no side effects and 

increases patients’ satisfaction, it requires motivation and involvement, leading to a drop 

out whenever an improvement is not quickly seen (Burgio et al., 2002; Sussman, 2007). 

Smartphones are widespread devices. By 2022, 79.7% of the UK population will be 

monthly active smartphone users (UK: smartphone user penetration 2015-2022, 2019). 

By having their phones with them all the time, people tend to create a personal bond with 

these devices (Ventä et al., 2008). Given their low cost, integration in a person’s daily 

life, and the embedded sensors, smartphones can provide real-time interventions to people 

suffering from various conditions (Klasnja and Pratt, 2012; Lukowicz et al., 2014; Kumar 

et al., 2013). Additionally, they can support individuals and promote healthy behavior 

(Klasnja et al., 2011), and help in the rehabilitation of several conditions (Årsand et al., 

2012; Micallef et al., 2016). As people suffering from OAB symptoms need assistance 

wherever they are, a mobile phone application could be the ideal technology to help 

people with an embarrassing personal health condition. The application, taking as its 
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starting point the traditional treatment, could be an appropriate tool to help people with 

OAB increase adherence to self-managed treatment and raise awareness of symptoms.  

1.3 Contributions 

This Ph.D. thesis provides various contributions to the HCI field with regards to the 

design of an OAB mobile phone application, that could potentially be applied to other 

sensitive health conditions. The key contributions to knowledge are as follows: 

Include multiple stakeholder categories in the design process as contradictions can 

occur between and within the two stakeholder categories with regards to what they would 

consider appropriate as mobile application features (obtained whilst answering RQ2 and 

fulfilling Objective 2 and 3).  

The order in which requirements gathering studies with multiple stakeholder 

categories are conducted can be important as recommendations received from 

healthcare professionals prior to end-user studies can prove useful in selecting a suitable 

methodology for the end-users studies (obtained whilst fulfilling Objective 2, 3, and 4).  

Gender should be considered when gathering requirements with people suffering from 

sensitive conditions and researchers should avoid mixed-gender workshops, focus 

groups, etc., and ideally, conduct one-to-one interviews (obtained whilst fulfilling 

Objective 2, 3, and 4).  

Interviews are a suitable method of gathering requirements and evaluating applications 

with people suffering from sensitive conditions and do not cause any emotional 

discomfort in the participants (obtained whilst fulfilling Objective 3, 4, and 7).  

More active end-user involvement using Participatory Design methods is useful when 

designing applications for sensitive conditions as inconsistencies and contradictions 

were noticed between the literature review and study findings (obtained whilst answering 

RQ1 and RQ2, and fulfilling Objectives 1 and 4). 

Multiple evaluation forms should be applied when evaluating features and their 

emotional impact on users as inconsistencies can occur within the feedback provided 

(obtained whilst answering RQ3 and fulfilling Objective 5 and 8). 

The duration of field evaluations should not be based only on health protocols and 

guidelines recommendations as a lengthy process can become tedious for participants 

(obtained whilst answering RQ3 and fulfilling Objective 9). 
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More than one type of reminder does not increase annoyance and reminders can be 

useful in helping people adhere to treatment and in living a healthier lifestyle (obtained 

whilst answering RQ1 and RQ4 and fulfilling Objective 6 and 8). 

People like to visualize their progress and this can increase adherence to treatment 

(obtained whilst answering RQ1 and RQ4 and fulfilling Objective 3, 6, and 8). 

Games can be a suitable distraction technique in helping people resist the urge to urinate 

(obtained whilst answering RQ1 and RQ4 and fulfilling Objective 3, 6, and 8). 

No feature usage does not mean lack of necessity as the actual purpose of the features 

might be different than what they were initially intended for (obtained whilst answering 

RQ3 and RQ4 and fulfilling Objective 6 and 8). 

1.4 Thesis Contents 

Chapter 2, Background provides a critical review of the literature conducted regarding 

OAB, mobile health applications, and HCI design methodologies.  

Chapter 3, Methodology presented the protocols used in this thesis to answer the research 

questions and objectives outlined in Section 1.1, pages 1 and 2. This chapter discusses 

the methodologies employed in this thesis and the iterative design process used to arrive 

at the final design of the application. 

Chapter 4, Requirements Gathering and Early Design presents the interviews conducted 

with healthcare professionals and co-design interviews with people suffering from OAB 

symptoms. The aim was to understand the current issues with the treatment and gather 

ideas regarding various application functions derived from the literature review. The 

chapter concludes with the design decisions based on interview findings. 

Chapter 5, Prototype Development and Interviews describes the development process of 

the first application prototype, to fulfill the requirements discussed in Chapter 4. This 

chapter describes the prototype interviews carried out with healthcare professionals and 

people suffering from OAB symptoms to understand how the user interface can be 

improved. This will inform the redesign of mobile health applications to make them 

suitable for people suffering from sensitive health conditions. 

Chapter 6, Short Field Evaluation describes a nine-days field study conducted with 

people suffering from OAB symptoms to evaluate the usability and their experience with 

the application. This chapter begins by presenting the objectives of the study, followed 

by the development adjustments (arising from Chapter 5 Findings) that needed to be made 
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to prepare the application for long-term field evaluation. Later, the chapter presents the 

findings of this study and its contribution to the HCI field.  

Chapter 7, Adherence and Awareness Evaluation describes the six-weeks field study 

conducted with people suffering from OAB symptoms to determine whether the 

application could be a useful tool to help people adhere to self-managed treatment and 

raise awareness of symptoms. The chapter concludes by presenting the findings of this 

study and its contribution to the HCI field.  

Chapter 8, Conclusion highlights the main contributions of this work. Based on the work 

described in this thesis, this chapter provides recommendations for the design of mobile 

health applications. The main shortcomings of this research are also explored, followed 

by possible solutions for future work in this area.  
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Chapter 2. Background 
To answer RQ1, RQ4, fulfill Objective 1 and address the two main problems identified 

in this thesis (Chapter 1, Section 1.1, pages 1 and 2), this chapter begins by providing a 

background on the OAB condition, with details regarding its impact, assessment, and 

treatment. Next, it presents a review of different rehabilitation technologies, with a focus 

on mobile health applications, and how they could help people adhere to treatment (e.g., 

games, reminders). The chapter concludes with a review of different technological user 

studies to understand what methodology would be suitable to gather requirements and 

evaluate application prototypes with people suffering from a sensitive condition.  

2.1 Overactive Bladder 

According to the International Continence Society, the term Urinary Incontinence (UI) 

refers to the complaint of any involuntary urine loss (Abrams et al., 2017). Urinary 

Incontinence is divided into several subtypes based on the circumstances in which the 

urine loss occurs. The most common sub-types refer to Urgency Urinary Incontinence 

(complaint of urine loss associated with urgency), Stress Urinary Incontinence 

(complaint of urine loss during physical effort or sneezing or coughing), and Mixed 

Urinary Incontinence (complaint of urine loss associated with urgency and physical effort 

or sneezing or coughing).  

Urinary Incontinence can also be associated with the Lower Urinary Tract Symptoms 

(LUTS), which include both storage and emptying symptoms. The Overactive Bladder 

condition is a sub-set of LUTS which refers to bladder storage symptoms and is defined 

as urinary urgency, associated with increased frequency and nocturia, with or without 

Urgency Urinary Incontinence, in the absence of infections or other causes: 

1. Increased daytime urinary frequency is characterized by more than seven voids 

during waking hours. 

2. Nocturia is the complaint of one or more sleep interruptions due to the need to 

void. 

3. Urgency is the sudden desire of passing urine which is difficult to postpone.  

OAB without urgency urinary incontinence is defined as OAB dry, whilst OAB with 

urgency urinary incontinence is defined as OAB wet. 

Various potential risk factors for OAB are identified by the International Continence 

Society (Abrams et al., 2017). Besides age (the prevalence of OAB increases with age) 
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and gender (OAB is more common in women, especially at younger ages), obesity and 

lifestyle (e.g., increased alcohol, caffeine, carbonated drinks, and smoking) are other 

factors that could affect OAB symptoms.  

According to recent studies, psychological disorders such as depression and stress can 

also increase UI symptoms (Abrams et al., 2017; Wagg et al., 2018). People suffering 

from both OAB and depression report severe UI symptoms with a greater impact on the 

quality of life than those without depression (Lai et al., 2016). OAB also has a negative 

impact on self-esteem and can be associated with anxiety and depression (Kaplan et al., 

2012). Anxiety is caused by the constant worry about finding and reaching a toilet in time 

to prevent embarrassing incidents (urine leakage). The anxiety about constantly needing 

to go to the toilet can also create the feeling of being hopeless and depressed.   

Racial background is another potential risk factor. The results of the Epidemiology of 

LUTS survey (Coyne et al., 2012) conducted in the US, UK, and Sweden show that race 

is predictive of OAB in men, with the African American and Hispanic races being the 

ones more inclined to develop OAB symptoms.  

UI is a common symptom during pregnancy, especially in the third trimester of 

pregnancy. Between 2%-57% of men undertaking radical prostatectomy (the removal of 

the prostate) suffer from UI. The rates decline in time as 13% of the men suffer from it in 

the first year after surgery and 7% in the second year (Buckley and Lapitan, 2010). 

2.1.1 Prevalence and Impact 

The International Continence Society reviewed all population-based studies which aimed 

to determine the OAB prevalence in adults of both genders (without distinguishing 

between wet and dry OAB) (Abrams et al., 2017). Amongst the 23 studies reviewed, 

different populations, number of participants, and different sample collection methods 

were used. Although differences were noticed in the prevalence estimates, the median 

prevalence estimate was 16.5%. Between 2%-35% of men suffer from OAB symptoms, 

compared to 3%-41% of women suffering from this condition.  

Stress Urinary Incontinence (SUI) is the most common type of incontinence amongst 

women, followed by Mixed Urinary Incontinence (MUI) and Urgency Urinary 

Incontinence (UUI). Between 25%-45% of all adult women suffer from occasional 

leakage, and 10% report weekly leakages. Most studies regarding the prevalence of UI in 

men show that UUI is the predominant one, followed by MUI and SUI. However, UI is 

twice as prevalent in women as it is in men.  
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OAB is a bothersome condition and is associated with impaired quality of life, and 

reduced work productivity. The condition has such an impact on people’s wellbeing, that 

some are willing to pay a substantial amount of money for a reduction in their symptoms 

(Johannesson et al., 2003). Women with UI often limit physical and social activities, or 

in extreme cases, avoid any activity outside their home, leading to social isolation and 

depression. Studies have shown that women with OAB (regardless of their continence 

status) are more likely to be unemployed, and those who are employed report decreased 

work productivity. Their concerns include interrupting meetings, decisions about work 

location and hours, and voluntary termination or early retirement (Bradway et al., 2008). 

Besides its impact on the quality of life, the condition also has a negative effect on the 

economy. In 2018, the cost of OAB in the US was estimated at $65.9 billion, of which 

$14.6 billion were indirect costs, such as lost productivity (Durden et al., 2018). This is 

expected to increase and, at the end of 2020, the cost of OAB with UUI reached $82.6 

billion in the US (Coyne et al., 2014). 

The urge to urinate, incontinence, and nocturia are the most bothersome symptoms. The 

degree of bother increases with nocturia frequency (Tikkinen et al., 2010). Moreover, 

nocturia is associated with impaired mental and physical health and, according to recent 

studies, also with mortality (Abrams et al., 2017). 

2.1.2 Assessment and Treatment 

According to the European Association of Urology guidelines (Nambiar et al., 2018), the 

diagnostic and further therapeutic interventions are divided into two groups: Initial and 

Specialized Management. The initial management consists mostly of diaries and 

questionnaires as one method of diagnosis. The treatment includes lifestyle changes, 

Pelvic Floor Muscle (PFM) training, bladder training, incontinence products, and drugs. 

If this fails or a diagnosis could not be established from the initial management, then 

specialized management is applied (e.g., surgery).  

The Initial Assessment should include a history, physical analysis, and diaries (Abrams et 

al., 2017). The patient’s history should include questions regarding urinary symptoms and 

the degree of bother. The most commonly used diaries are the frequency-volume chart 

(the urinary volume voided in 24 hours) and the bladder diary. The diary includes the 

individual’s daily type and volume of fluid intake, daily void volume and degree of 

urgency, incontinence episodes, and degree of incontinence (Fig. 2.1).  
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Fig. 2.1: Example of Bladder Diary used during the assessment process1. 

Different questionnaires can also be administered during the assessment process, such as 

the International Consultation on Incontinence Questionnaire (ICIQ) to assess UI and its 

impact on the quality of life (Avery et al., 2004). This questionnaire allows the 

determination of prevalence, frequency, and perceived cause of UI, together with its 

impact on everyday life. Other questionnaires such as The Overactive Bladder 

Questionnaire (OB-q), Patient Perception of Bladder Condition (PPBC), Urgency 

Questionnaire (UQ), and the Primary OAB Symptom Questionnaire (POSQ) proved to 

be reliable patient-reported measures when diagnosing OAB (Matza et al., 2005). 

As drugs have side effects (Couture, 2000), OAB healthcare professionals are encouraged 

to suggest non-pharmacological therapies first (e.g., lifestyle changes, PFM training, and 

bladder training). Oxybutynin is the most common drug used in UUI. However, its side 

effects – dry mouth, constipation, blurred vision, can lead to a drop off of 25% (Couture, 

2000). The adherence to antimuscarinic treatment is also low and decreases in time due 

to lack of efficacy, side effects, and/or cost (Nambiar et al., 2018). 

The lifestyle interventions consist of avoiding bladder irritants (e.g., spicy food, acidic 

fruits, and caffeinated drinks) and consuming a controlled amount of liquids per day – 

Colley (Colley, 2015) suggests that women should consume 2L and men 2.5L. The fluid 

intake is an important aspect of the treatment as studies have shown that a reduction in 

fluid intake by 25% can improve OAB symptoms (Nambiar et al., 2018).  

The PFM training (PFMT) consists of performing daily PFM exercises (set of eight 

contractions repeated three times per day). Undertaking a proper amount of PFMT can 

reduce the risk of incontinence in late pregnancy and up to six months after giving birth 

 
1 Retrieved from https://bit.ly/2T56DDi 
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(Nambiar et al., 2018). A review of 38 trials conducted on 9892 women from 20 countries 

shows that continent pregnant women performing PFMT before giving birth have a 62% 

lower risk of reporting UI in late pregnancy. Moreover, PFMT decreased by 29% the UI 

risk in women in the mid‐postnatal period (three to six months after giving birth) 

(Woodley et al., 2017). Alewijnse et al. (Alewijnse et al., 2002) developed a program to 

promote adherence to PFM exercise therapy for women with UI. Although 70% of the 

cases can be cured or improved after therapy, adherence to this treatment is low as it 

requires new daily life behaviors and refraining from negative behaviors that affect 

incontinence symptoms. Their program includes the following: doing PFM exercises 

regularly as advised by a healthcare professional, correct toileting and drinking behavior, 

preventing wet episodes by conducting quick PFM contractions, and use a correct body 

posture and breathing techniques. The authors also state that feedback and guidance by 

therapists were found to be essential for adherence and that training conducted by 

therapists was found to be more efficient than home exercise programs.  

Studies have also shown that postprostatectomy incontinence in men can be reduced 

through PFM exercising (Singh et al., 2017). Hirschhorn et al. (Hirschhorn et al., 2014) 

distributed the International Consultation on Incontinence Questionnaire-Urinary 

Incontinence Form (ICIQ‐UI Short Form) to 139 male patients three months after 

undertaking radical prostatectomy. The ICIQ-UI Short Form is a patient reported-

questionnaire that provides scores on a scale from 0-21, with higher scores indicating 

increased severity of symptoms. The results of the survey show that patients receiving 

PFMT before surgery significantly better self‐report UI (mean score 6.2) comparing to 

those not receiving preoperative PFMT (mean score 9.2). Using the 24-h pad weight test, 

Patel et al. (Patel et al., 2013) show there is a significant difference between groups 

receiving physiotherapist‐guided PFMT with four weeks before surgery (N = 152) 

comparing to those who received PFM exercises verbal instructions by the surgeon alone 

(N = 132). The 24-h pad weight test is a standard for UI measurements that helps quantify 

the volume of leaked urine during a day. The weight gained in grams is equal to urine 

loss in millilitres, with higher quantities indicating increased severity of symptoms. 

Results show the 24-h pad weight test at six weeks after surgery was significantly lower 

for the first group (9 g vs 17 g). Moreover, less severe UI symptoms were noticed in the 

first group: 8/152 patients vs 33/132 patients for the 24‐h pad weight >50 g test.  

The bladder retraining regime is an important part of the treatment which results in 

increasing the bladder capacity and thus reducing OAB symptoms (Jamshidi et al., 2011). 
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It consists of gradually extending the times between voids by following a scheduled 

voiding regime, applying urgency control strategies, self-monitoring the voiding behavior 

by using a bladder diary, and positive reinforcement from healthcare professionals 

(Jamshidi et al., 2011). Promoting self-managed treatment can help increase patient’s 

awareness of symptoms, by empowering them to monitor the effect of their behavioral 

changes and helping them better cope with the condition (Wilde et al., 2014). Moreover, 

self-management interventions are more successful in a collaborative process between 

the patient and the healthcare professional (Wilde et al., 2014).  

Bladder training starts at hourly intervals and gradually increases every two to three 

hours. As the voiding intervals increase, the urgency decreases. As described by Newman 

(Newman, 2012), urgency follows a wave trajectory (Fig. 2.2). A key aspect of 

controlling the urge is not rushing to the toilet whenever there is an urge as by doing so, 

leakages might occur. The urge can be controlled by performing mindfulness, five quick 

and strong PFM contractions, or by using mental distraction strategies. One example of a 

distraction strategy could be concentrating on an activity (e.g., “counting backward from 

100 by 7’s, reciting the words of a favorite song or nursery rhyme.”).  

 

 

 

 

 

 

Fig. 2.2: The urgency wave described by Newman (Newman, 2012). 

Mindfulness is a psychological process that aims to move a person’s attention to 

experiences that happen in the present moment and to embrace them. The results of a pilot 

study conducted with seven women during an eight-weeks mindfulness-based stress 

reduction (MBSR) program for UUI treatment showed a significant decrease in daily 

incontinence episodes (from 4.14 at baseline to 1.23 after treatment (Baker et al., 2012)). 

This finding was later confirmed by Baker et al. (Baker et al., 2014) who compared the 

effect of mindfulness-based stress reduction versus yoga on the treatment of UUI at eight 

weeks, six months, and one year after beginning an eight-week program. The results of 

the study conducted with 24 females show that MBSR is more effective than yoga in the 

treatment of UUI. 
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The National Institute for Health and Care Excellence (NICE) and the European 

Association of Urology (EAU) are the main guidelines used for the assessment and 

management of UI in the UK (Warner and Greenwell, 2018). A comparison between the 

two guidelines shows that, although they mostly make the same recommendations 

regarding the diagnosis and treatment, differences occur regarding the pharmacological 

and surgical treatment (Table 2.1) (Warner and Greenwell, 2018). Therefore, previous 

research highlights the importance of using the guidelines just as an aid for decision 

making and not as a fixed treatment algorithm (Warner and Greenwell, 2018). 

 EAU NICE 

Questionnaires 

(e.g., 

symptoms, 

QoF) 

1. Purpose: Identify, 

assess severity, and 

treatment response.  

2. Type of questionnaire: 

Clinician choice. 

1. Purpose: Treatment 

response. 

2. Type of questionnaire: 

OAB-q, UDI, UDI-6, 

ISI, and BFLUTS. 

Bladder Diary Between 3-7 days. Extended 

use shows a behavioral 

therapeutic effect. 

At least 3 days, including 

working and leisure days. 

PFM Training Intense training for at least 3 

months. No further general 

recommendations. 

Internal examination before 

setting up the treatment. 

General recommendation - at 

least 8 contractions 

performed 3 times/day for at 

least 3 months.  

Fluid Intake  A proper amount of fluids 

and caffeine avoidance. 

Quantity recommended: 

enough to avoid thirst.  

A proper amount of fluids 

and caffeine avoidance. 

Quantity recommended: 

Clinician choice. 

Bladder 

Training 

No general 

recommendations.  

Minimum of 6 weeks as 

first-line treatment to women 

with UUI or MUI. 
Table 2.1: A comparison between the NICE and EAU guidelines regarding the non-

pharmacological treatment recommendations. 

 

2.2 Mobile Phone Applications 

The OAB literature review presented above highlights several issues surrounding the 

condition. Even though OAB non-pharmacological therapies have no side effects and 

increase patients’ satisfaction, they require motivation and involvement, leading to a 

dropout whenever an improvement is not quickly seen (Burgio et al., 2002; Sussman, 

2007). As part of the treatment, although effective, also the adherence to PFM exercises 

training has proved to be low (Alewijnse et al., 2002). Moreover, drinking a proper 

amount of liquids per day can be beneficial in improving OAB symptoms (Nambiar et 
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al., 2018). Therefore, it was important to understand how a mobile phone application can 

help increase adherence to treatment (focusing on the second problem identified in this 

thesis – see Chapter 1, page 1) and exercises and help people in consuming a proper 

amount of liquids per day.  

Urge suppression techniques are important for a successful bladder training. Bladder 

training consists of extending the times between voids and learning distraction techniques 

to try and avoid rushing to the toilet whenever there is an urge to urinate. Therefore, it 

was also important to investigate potential methods of distraction that are implementable 

in a mobile phone application.   

In the UK, urologists use paper-based bladder diaries and questionnaires for diagnosis. 

However, as people fail to complete health diaries (Verbrugge, 1980), it was essential to 

understand whether the same applies to OAB, and if so, how it can be overcome.   

It has been reported that people with OAB symptoms tend to perform their activities close 

to any toilet location, where possible so that it can be easily reachable in case of urine 

leakage (Jackson, 1997). Taking this into consideration, it was pertinent to understand the 

toilet issue and their location and how a mobile device could assist people with OAB.  

Since OAB is a sensitive health condition where embarrassment is a leading cause in not 

seeking medical help or discussing the condition with healthcare professionals (Abrams 

et al., 2017), it was important to understand whether people with OAB would consider an 

OAB application an embarrassing one. 

2.2.1 Rehabilitation Technologies 

Adherence 

Low adherence to treatment is an issue discovered also in other rehabilitation areas such 

as knee (Ayoade and Baillie, 2014), falls (Uzor et al., 2012), and stroke rehabilitation 

(Micallef et al., 2016). Although drug therapy enables people suffering from HIV to gain 

control over the condition and lead a normal life, it requires full adherence, leading to low 

adherence rates especially in young adults (Marcu et al., 2016). 

Ayoade and Baillie (Ayoade and Baillie, 2014) recognized the importance of showing 

progress and improvement to help patients adhere to treatment. Self-monitoring and self-

assessment proved to be important for a mobile application that provides personalized, 

supportive, and real-time health information to patients while cycling as it increases their 

adherence to exercises (Geurts et al., 2016). Self-monitored progress combined with 
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positive feedback, such as badges or scores based on the users’ activities and actions, 

were also seen as desirable by people who would like to quit smoking (Paay et al., 2014). 

Displaying the current run of days that the user achieved alongside the longest ever 

recorded run proved to be effective for people with bipolar disorder (Matthews et al., 

2015). Allowing users to set goals proved effective in supporting people during Dialectal 

Behaviour Therapy (Toledo et al., 2018), in helping women address their emotion- and 

stress-related eating disorder, and in helping people quit smoking (Paay et al., 2014).  

Choe et al. (Choe et al., 2014) reviewed self-tracking applications to understand what data 

people track, how they do it, and what they learn from it. The authors discovered that 

visualizing data about oneself using line charts and bar charts is very useful. By posting 

food images on social media, people track themselves and also aim in supporting others 

in the pursuit of healthy behavior (Chung et al., 2017). Gravenhorst et al. (Gravenhorst et 

al., 2015) present an overview of mobile health applications designed for people with 

various mental disorders. Visualization of data using line, pie, bar, or similar number 

charts is the most common approach used in mental health applications as people tend to 

be familiar with data visualization from paper-based self-assessment forms. Other 

researchers conducted interviews to understand what type of data people track and why 

and what kind of questions they have about their data (Li et al., 2001). The authors suggest 

that applications should alert the users when they do not meet their goal by providing 

feedback about their progress towards the goal (which has a positive effect on self-

efficacy and achievement). The authors also discovered that people would like to have 

their data from multiple sources integrated and to visualize it in a single interface. 

Games have proven to be successful in increasing adherence to treatment in falls 

rehabilitation (Uzor and Baillie, 2018) or in promoting healthier lifestyles (Chiu et al., 

2009). Grimes et al. (Grimes et al., 2010) developed a casual (easy to play and quick to 

learn) mobile phone game that helps adults learn how to make healthier meal choices. De 

Oliveira et al. (de Oliveira et al., 2010) also developed a mobile phone game that helps 

elders in increasing their adherence to medication through social competition. Birk and 

Mandryk (Birk and Mandryk, 2018) used avatars when conducting a three-weeks field 

study with 250 participants who were asked to do daily one-minute breathing exercises 

to reduce anxiety. Their results show that customizing an avatar increases adherence and 

notifications help in combating attrition. Marcu et al. (Marcu et al., 2016) also developed 

a minimal avatar-based game to improve medication adherence for young people 

suffering from HIV.  
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Reminders and Notifications 

Reminders are considered to be effective in increasing medication adherence for diseases 

such as HIV (Riley et al., 2011), in persuading cardiac patients to cycle (Geurts et al., 

2016), or in various diabetic applications (Arnhold et al., 2014). Previous research 

focused on providing exercise reminders to post-Stroke patients as 60% of survivors 

suffer from forgetfulness (Micallef et al., 2016). The analysis of a three consecutive days-

controlled field study with 15 participants showed that reminders increase adherence to 

exercises. Chiu et al. (Chiu et al., 2009) conducted a seven-weeks field study with 16 

participants to persuade people to drink daily a proper amount of water. Their results 

show that social persuasion is more effective than system persuasion alone, that is, 

reminders received from other people are more effective than those received from a stand-

alone mobile phone. 

Epstein et al. (Epstein et al., 2016) developed an application that promotes daily food 

challenges by sending nutrition and non-nutrition notifications. The results of a three-

week field study with 61 participants showed that both notifications increased 

mindfulness and created learning opportunities. The non-nutrition notifications led to a 

higher increase in mindfulness whilst the nutrition ones had higher participation levels 

and prompted people to learn more.  

To promote adherence, technology needs to be engaging. One way of helping people 

engage with technology is via messaging (Toledo et al., 2018). Stawarz et al. (Stawarz et 

al., 2015) analyzed the effect of different types of cues and positive reinforcement on 

habit formation. The results of a four-week study with 133 participants show that 

reminders support repetition and help users remember to complete a task. However, 

because people rely on reminders, this also tends to hinder habit formation. On the other 

hand, reliance on trigger events increases new behavior adoption even though it does not 

support memory as well as reminders.  

Kushlev et al. (Kushlev et al., 2017) analyzed how people’s mood affect their interaction 

with application content. By pushing notifications to engage with different types of 

content, the authors discovered that when feeling good, people are less likely to engage 

with mentally demanding tasks such as Wikipedia articles, thinking games, or personality 

questionnaires. When feeling tense, people are less likely to search for diverting tasks 

such as simple action video games, trending videos, or fun facts, but no less or more likely 

to seek mentally demanding tasks. When they feel awake and energetic, they are less 

likely to seek any type of content. Their results are based on the feedback collected from 
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337 participants with a mean number of active participation days of 27.43; 114,522 

notifications were pushed and 32,704 (28.6%) were clicked. 

Research studies have also been conducted on how external interruptions (e.g., messages, 

e-mails) affect office workers whilst focusing on and completing their job tasks (Cutrell 

et al., 2000; Czerwinski et al., 2004). Studies show that the number and the nature of the 

interruptions experienced can affect office workers. For example, it can become difficult 

for them to switch back to the task they were conducting prior to receiving the interruption 

(Czerwinski et al., 2004; O’Conaill and Frohlich, 1995) or it can result in the worker 

forgetting their primary task goal (Cutrell et al., 2001). Mark et al. (Mark et al., 2008) 

show that any type of interruption, regardless of whether its content is related to the task 

being conducted or not, results in a change in the user’s work pattern. Interrupted work is 

conducted faster; however, this leads to increased effort, time pressure, and stress on the 

user. Despite being frequent and time-consuming, O’Conaill and Frohlich (O’Conaill and 

Frohlich, 1995) show that people can also benefit from interruptions especially if the 

interruption is non-work related. Mark et al. (Mark et al., 2016) also showed that checking 

emails through self-interruptions can increase productivity.    

Smartphone notifications are used to deliver information (Misra et al., 2016). However, 

they can be perceived as annoying and as a source of interruption and distraction during 

social interaction, such as meal sharing (Moser et al., 2016; Park et al., 2017). Park et al. 

(Park et al., 2017) show that during a social interaction people feel distracted if a 

notification arrives in the middle of the conversation. However, despite being perceived 

as inappropriate (“Americans’ Views on Mobile Etiquette,” 2015), people tend to start 

using their smartphones once a notification is received (Park et al., 2017). Previous 

research studies also found that people tend to use their smartphones more when in an 

informal rather than in a professional setting (Park et al., 2017). In a working 

environment, the simple process of receiving an auditory or tactile smartphone 

notification can interrupt a person conducting a task, regardless of whether the person 

interacted or not with the phone after the notification was received (Stothart et al., 2015). 

Mehrotra et al. (Mehrotra et al., 2016) show that the degree of interruption can be 

influenced by the type of notification, the relationship between the sender and the 

receiver, and also the complexity of the task during which the notification was received.  

Similar to Mark et al. (Mark et al., 2008), the authors show that even important 

notifications containing useful content can cause disruption.  
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To mitigate the disruption effect of a smartphone notification, people apply various 

strategies that limit their smartphone use (e.g., keeping the phone out of reach, removing 

applications, using silent mode). However, these strategies prove inefficient due to a lack 

of self-control (Ko et al., 2015). As a solution, smartphones should send smart 

notifications based on context, such as users’ schedule and environment (Dey and Abowd, 

2000; Lopez-Tovar et al., 2015). Even a slight delay of one to five minutes in sending a 

notification can prove effective in minimising the task disruption (Horvitz et al., 2005).  

Distraction and Mindfulness 

Distraction is the process of redirecting a person’s attention from a specific area of focus. 

Inan and Inal (Inan and Inal, 2019) analysed the impact of distraction techniques on the 

anxiety and pain levels of children during blood collection from a vein. The results of a 

randomized control trial with 180 children aged six to ten show that watching cartoon 

movies, playing video games (the most effective approach), and paying attention to 

parents’ verbal instructions are effective techniques in reducing anxiety and pain 

perception. Playing video games also proved successful during medical dressing 

procedures on children 3-6 years suffering from second-degree burns. The randomized 

control study conducted on 80 hospitalized children shows that 77.5% of the children in 

the intervention group (N = 40) experienced little pain during the procedure. Current 

studies also suggest that Virtual Reality as a distraction mechanism can be an effective 

approach to the pain management of both adults and children (Gupta et al., 2018).  

Jin and Dabbish (Jin and Dabbish, 2009) state that people tend to take breaks from a 

primary task when that task is too physically or mentally demanding, causing boredom 

or frustration. However, Kushlev et al. (Kushlev et al., 2017) show that, when people are 

stressed, they tend to rely on external distractions rather than on self-induced breaks. 

Ploderer et al. (Ploderer et al., 2014) developed a mobile application that enables quitters 

to access and share distractions and tips to cope with cigarette cravings. Users had access 

to 171 non-smoking related distractions (e.g., videos, games, website, images) and 179 

tips. Participants said the distractions were not interactive enough and this allowed them 

to smoke while using the application. DeLaughter et al. (DeLaughter et al., 2016) also 

developed a mobile game to distract smokers whenever they had cravings and to motivate 

them to continue being smoke-free by using positive reinforcement. Although users had 

the option to play the game for as long as they wanted and with each level increasing in 

difficulty, playing the game did not result in a significant craving decrease. A reduction 
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in the number of cravings was only noticed by those who were abstinent for more than 

two days and who found the game challenging.  

Mindfulness proved to be successful in eliminating binge eating disorder (BED) (Pinto-

Gouveia et al., 2017). The results of a study with 59 obese or overweight women with 

BED show that psychoeducation, mindfulness, and compassion are effective in 

eliminating BED and in reducing depression, shame, and self‐criticism. Although 

mindfulness (non-judgmental reflection and acceptance of the present moment 

experience) and distraction (shifting attention away from the subject) are opposite, Tsai 

et al. (Tsai et al., 2017) argue that both techniques could be effective in the treatment of 

disordered eating. Intense delay discounting (e.g., the preference over a small reward after 

a short delay over a large reward after a long delay) can be associated with attention 

deficit hyperactivity disorder and substance abuse disorder. Similar to previous research 

on mindfulness and distraction (Tsai et al., 2017), Ashe et al. (Ashe et al., 2015) propose 

that both strategies could be effective when dealing with drug cravings.  

Mapping 

Toilets can be categorized as points of interest (Baillie and Schatz, 2005) for the users 

and, since smartphones can easily detect the user’s current location (Fröhlich et al., 2007), 

they can display where the nearest toilets are.  

Stigma 

Incontinence is considered a stigmatized condition in many populations, with 

embarrassment being the leading cause of not seeking medical help or discussing the 

condition with OAB healthcare professionals (Abrams et al., 2017).  

In the book entitled The Presentation of Self in Everyday Life, Goffman introduces the 

theory that social interaction can be linked to a theatre play (Goffman, 1956). People 

taking part in the interaction can be viewed as performers, audience members, and 

outsiders. Similar to how actors perform on stage, it is suggested that people consciously 

decide how they present themselves to others in their daily lives. This is all part of a 

context that Goffman names “impression management”. Building on Goffman’s theory 

of onstage and offstage behaviour, O’Kane et al. (O’Kane et al., 2015) investigated how 

41 adults with Type 1 Diabetes use technology to self-manage their condition. People 

suffering from this chronic condition can perceive stigma from the society they are living 

in and indeed, their research shows that stigma influences the needs and how people 

interact with medical devices.  



 

21 

Disclosing sensitive personal information or negative experiences such as pregnancy loss, 

mental illness, or abusive experiences on social media can be also be viewed as 

intimidating due to social rejection and judgment (Andalibi et al., 2018). Marcu et al. 

(Marcu et al., 2016) tried to understand the issues regarding behavioral intervention 

technology as part of the daily life of people with HIV. As the condition is a significant 

stigmatized one, the authors emphasize the importance of considering this issue when 

considering the adoption and acceptance of such technologies. Bussone et al. (Bussone et 

al. 2016) investigated the privacy and security needs of people living with HIV. Semi-

structured interviews were conducted with ten people living with HIV in the UK to 

understand how they track and use their health data. For this stigmatized group, the safety 

of their personal information was very important. So important, that six of their 

interviewees prefer to track their health information using a paper-based diary (compared 

to a digital tool) because it offers the highest security as it can be hidden at any time. 

Given the stigma, people living with HIV tend to seek health information online, exposing 

themselves to untrustworthy resources. Singh et al. (Singh et al., 2017) conducted a 

review of 28 web and 69 smartphone applications available to support HIV. People avoid 

using HIV applications due to their fear of others identifying the application’s purpose 

from its icon or finding the application on their mobile device. The analysis conducted 

showed that most applications are not discreet and have the potential of attracting 

undesired attention, mostly by having the application icon HIV–related.  

Stammering is a speech disorder that can lead to low self-esteem, social isolation, and 

anxiety. Over 12 months, McNaney at el. (McNaney et al., 2018) interacted with 39 

people who stammer to understand how a mobile application can support them during 

their self-managed treatment. As people usually feel negative emotions regarding their 

condition, it was suggested that the application should also provide emotional support.  

With respect to managing stigmatized identities and privacy, Duguay (Duguay, 2014) 

conducted semi-structured in-person interviews and Facebook walkthroughs with 27 

LGBT young people. Participants were asked to discuss personal experiences of sexual 

identity disclosure, Facebook use, and online self-presentation. Interview data showed 

that participants were not willing to disclose their identity to unintended audiences and 

adopted strategies for preventing such incidents (e.g., tailoring their activity online or 

separating the audience). Birnholtz et al. (Birnholtz et al., 2014) analyzed how people 

interact with applications dedicated to men who have sex with other men. Since 

relationships among same-sex people are surrounded by stigma, the authors wanted to 
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investigate how people manage their potentially stigmatized identities and what type of 

information they use to present themselves. The authors identified a potential risk of 

identifiability, where people are concerned about their privacy as they do not want to 

share personal information with persons who might identify them. 

Research has also been conducted regarding anonymous applications (Kang et al., 2016) 

where no username is required and posts/messages get deleted after a while. Results show 

that people use anonymous applications to share various content, from deep secrets to 

jokes, and to get social validation from other people. People believe these applications 

allow more honesty and openness since everything is anonymous; they can share personal 

stories without being afraid of having their identity tracked down or any negative 

reputational consequences.  

Studies were also conducted regarding gesture-based mobile interfaces (Rico and 

Brewster, 2010), more precisely on determining the social acceptability of several 

gestures taking into consideration location and audience. Anderson et al. (Anderson et al., 

2015) presented in their paper a general approach to subtle interactions and show how 

magic could improve subtlety. They investigate ways by which interaction can remain 

undetected and ways of misdirecting observers.  

Diaries 

Diary studies can be valuable as they can be carried out in the users’ natural environment 

(Czerwinski et al., 2004). On the other hand, Bolger et al. (Bolger et al., 2003) conducted 

a detailed review of diary studies and present various disadvantages of using this method 

for data collection. As participants taking part in diary studies cannot always complete 

the diary in real-time, they often recall their experience leading to biases and faulty data 

collection. Moreover, to achieve valid and reliable data, participants have to fully commit 

which can lead to an increased burden on them.  

The paper and pencil diaries are the most common approach in diary research. However, 

the data from these diaries is not always accurate as the process of completing the diary 

can be tedious for the recorder (Czerwinski et al., 2004). This is due to people failing to 

remember to complete it (forcing them to rely on reconstructing entries) or failing to have 

the paper with them at all times (Bolger et al., 2003). 

Tsai et al. (Tsai et al. 2007) developed an application that allows users to self-monitor 

their caloric balance in real-time and conducted a four-weeks feasibility study with 15 

participants split into three groups – a paper diary group, an application group with one 
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daily prompt and an application group with three daily prompts. Their results show that 

the application scored highly on usability, compliance, and satisfaction as the paper-based 

diary was found to be inconvenient, leading to recall bias and lower compliance – in line 

with previous research findings (Bolger et al., 2003; Czerwinski et al., 2004).  

Mangera et al. (Mangera et al., 2014) developed two different electronic bladder diaries 

and assessed patients’ preferences of the two diaries against the standard paper-based. 

The first format was composed of a card with predefined slots in which patients would 

mark their data and that was read by a card reader. The second format was an e-diary 

composed of a touch screen device. Their results show that 82% of the 22 participants 

recruited preferred the e-diary. The authors also show that the number of volumes and 

daytime frequency voids recorded was higher with the electronic diaries whereas the 

number of nocturnal and incontinence episodes recorded was higher with the paper-based 

diary. This might be because it requires a certain level of wakefulness for the e-diary that 

can interfere with their sleep.  

Personalization 

Micallef et al. (Micallef et al., 2015) combined location sensors with environment-

location sensors to determine the environmental surroundings of a smartphone and 

showed that context-aware applications are successful in privacy protection. Sadeh et al. 

(Sadeh et al., 2009) investigated people’s attitudes and understanding of privacy 

preferences in a mobile application and showed that machine learning techniques can help 

improve accuracy. Dove et al. (Dove et al., 2017) investigated how user experience 

designers integrate machine learning in applications, devices, and systems and the 

challenges they face when dealing with this technology. The authors underline the fact 

that focusing only on “usability, utility, and interaction aesthetics” is not enough to 

improve user experience and argue that smartphones should provide personalized context. 

Understanding the user and the environment would improve the user experience when 

interacting with such devices. 

From a health perspective, Kumar et al. (Kumar et al., 2013) also suggest personalizing 

the application to the individual and the context (e.g., at home vs at work). Systems that 

capture photos, ambient audio, location information, and conduct context analysis have 

been developed for people with episodic memory impairments (Lee and Dey, 2008). This 

data, together with family caregivers’ expertise aimed to present the proper cues to users 

to trigger memory recollection and maximize deep thinking. Gravenhorst et al. 

(Gravenhorst et al., 2015) present an overview of mobile health applications that collect 
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relevant data about people with various mental disorders and assist them during treatment. 

For example, Mobilyze! system (Burns et al., 2011) collects accelerometer, GPS, 

Bluetooth, WIFI, and ambient light to determine the physical and social behaviour of 

patients with depression. In the MONARCA project (Puiatti et al., 2011), designed for 

bipolar disorder patients, the mobile phone collects data such as speech duration and the 

number of calls, and acceleration to determine social activity. Let me relax (Rajanna et 

al., 2015) is a framework composed of a smartwatch and smartphone, encouraging mental 

wellness by providing notifications when prolonged sedentary behaviour is detected. The 

smartphone application tracks accelerometer data to analyse the user activity and sends 

relaxation techniques notifications through haptics. 

2.2.2 Overactive Bladder Mobile Phone Applications 

Several OAB mobile health applications, mostly related to Bladder Diaries and Pelvic 

Floor Muscle exercises, are available for download. 

The Bladder Diary applications offer users the possibility of sending after three days a 

diary report to their doctor (Voiding Diary, 2018) and the possibility of visualizing their 

data over the past three days (Easy Urination Diary, 2018). However, all applications on 

the market require precise urine quantity when filling in the diary (Easy Urination Diary, 

2018; iP Voiding Diary, 2017; Voiding Diary, 2018), forcing users to void in a measuring 

receptacle. Intuitively, this becomes impractical in public spaces or even at home during 

the night. In the Bladder Voiding Diary iUFlow (Bladder Voiding Diary iUFlow, 2019) 

application a rather cumbersome solution was implemented. The application requires a 

special device in the shape of a funnel, that needs to be placed on the toilet to measure 

the urine. Moreover, this device needs to be connected to the mobile phone via a cable to 

automatically store the urine quantity.  

Squeezy (Squeezy: NHS Pelvic Floor App, 2018) is the PFM exercises application 

promoted by healthcare professionals in the UK. The application was designed by 

physiotherapists and offers a customizable exercise plan pre-set by physiotherapists, PFM 

information, and the possibility to track progress. Other applications dedicated to PFM 

exercises also show users’ progress (My Pelvic Floor Fitness app, 2016) and encourage 

users to stay motivated by unlocking achievements (Kegel Trainer PFM Exercises, 2017; 

My Pelvic Floor Fitness app, 2016). Moreover, the applications provide professional 

tutorial videos on how to correctly perform the exercises (My Pelvic Floor Fitness app, 

2016; Pelvic Floor Safe Exercise app, 2013), provide discreet reminders (Kegel Trainer 
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PFM Exercises, 2017; My Pelvic Floor Fitness app, 2016) and discreet main icon (Kegel 

Trainer PFM Exercises, 2017).  

BathroomMap (BathroomMap, 2015) is the only UI toilet map application available on 

Google Play Store2. It displays the locations based on a database containing locations that 

have been pre-mapped and rated by other people. The locations are sorted by distance and 

each listing contains contact info and directions. 

Although some of these applications have involved healthcare professionals in the design 

process (Pelvic Floor Safe Exercise app, 2013; Squeezy: NHS Pelvic Floor App, 2018), 

none of them mention having any end-user involvement in the process.  

2.3 Designing Mobile Health Applications 

The thesis aimed to design and develop a mobile health application to help people 

suffering from Overactive Bladder symptoms adhere to treatment and raise awareness of 

symptoms. Therefore, it was important to understand how can the application be designed 

and answer the research questions outlined in Chapter 1, page 1, using established HCI 

methods that lead to a suitable and usable design.  

2.3.1 User-Centred Design 

User-Centred Systems Design or User-Centred Design (UCD) was introduced by Norman 

and Draper in 1986 (Norman and Draper, 1986). The authors emphasized the importance 

of having a good understanding of the users but without necessarily having them actively 

involved in the design process. Throughout the years, various definitions and 

understandings of UCD have been proposed (Gulliksen et al., 2010; Karat et al., 1996). 

Karat defined UCD as “an iterative process whose goal is the development of usable 

systems, achieved through the involvement of potential users of a system in system 

design.” (Karat, 1996). Later, it was suggested that “we consider UCD an adequate label 

under which to continue to gather our knowledge of how to develop usable systems. It 

captures a commitment the usability community supports—that you must involve users in 

system design—while leaving fairly open how this is accomplished.” (Karat, 1997). 

Activity Centered Design (Norman, 2005) could be seen as a potential alternative to UCD. 

However, it focuses mostly on the activity and not the individual user. Gaining a deep 

understanding of the user is still an important part of Activity Centered Design to which 

 
2 Google Play Store, https://play.google.com/store 
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“a deep understanding of the technology, of the tools, and of the reasons for the activities” 

is being added. Other design alternatives include Data Driven Design where 

user/behavioral data is used to make design decisions or Genius Design where the design 

is informed by the designer’s skills and experiences. However, as explained below, this 

thesis will utilize UCD and Participatory Design methods, as actively involving intended 

users proved successful in designing and evaluating more useful mobile health 

applications (De Barros et al., 2013; Dabbs et al., 2009), in helping people adhere to 

treatment (Boyd et al., 2015) and when gathering requirements with people suffering from 

a sensitive condition (Marcu et al., 2016; Matthews et al., 2015).  

Design Principles 

Gould and Lewis (Gould and Lewis, 1985) recommended three design principles that 

should be followed to increase the usability of a system: 

1. Early focus on users and tasks – the aim is to understand the user and the work 

that is required; this can be achieved through interviews, observations, etc.  

2. Empirical measurements – the aim is to examine the performance and user’s 

reactions when interacting with the real system, simulated, or a prototype.  

3. Iterative design – the aim is to test, measure, and redesign repetitively.  

The Olympic Message System, tracing back to 1984, provides evidence of the 

effectiveness of UCD (Gould et al., 1987). Since then, UCD principles have been widely 

used in the HCI field. The HCI field advocates for involving the user in the design and 

testing as this can take into account the needs of the users and allow the design of more 

useful technologies (Benford et al., 2000; Bødker and Buur, 2002; Dabbs et al., 2009; 

Vines et al., 2013). Carroll and Rosson (Carroll and Rosson, 2007) also state that users 

should be involved in the design and management of information systems, arguing that, 

from a moral perspective, people affected by a design should “have a say in anything that 

might change everything.”.  

Over time, standards have been created by the International Organization for 

Standardization (ISO), as an international consensus on the principles of UCD (Bevan 

and Curson, 1999). ISO 9241 appeared for the first time in 1998 and referred to the 

“Ergonomic Requirements for Office Work with Visual Display Terminals” (“ISO - ISO 

9241-11:1998 - Ergonomic requirements for office work with visual display terminals 

(VDTs) — Part 11: Guidance on usability”). Since then, the standard has been updated 

multiple times. The ISO 9241-210 (2010) standard referring to the “Ergonomics of 

human-system interaction, Part 210: Human-centred design for interactive systems” 

http://www.iso.org/iso/home/about.htm
http://www.iso.org/iso/home/about.htm
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(“ISO - ISO 9241-210:2010 - Ergonomics of human-system interaction — Part 210: 

Human-centred design for interactive systems”) provides requirements and 

recommendations for Human-Centred Design principles and emphasises that users 

should be actively involved throughout the design process. The standard recommends six 

key principles, as follows: 

• The design is based upon an explicit understanding of users, tasks, and 

environments. 

• Users are involved throughout design and development. 

• The design is driven and refined by user-centred evaluation. 

• The process is iterative. 

• The design addresses the whole user experience. 

• The design team includes multidisciplinary skills and perspectives. 

In most HCI research studies, end-users are consulted about their needs at specific 

moments during a design process, mostly during the requirements gathering phase and 

usability evaluation (Abras et al., 2004). Various requirements gathering techniques have 

been applied, such as literature findings, surveys, and questionnaires, observations, 

ethnographic studies, Contextual Inquiry, interviews, Participatory Design, etc. 

Contextual Design (Beyer and Holtzblatt, 1999), for example, is an approach to designing 

products for the work environment that implies talking to participants in their workplace 

whilst they work. On the other hand, ethnography is “the recording and analysis of a 

culture or society, usually based on participant-observation and resulting in a written 

account of a people, place or institution.” (Simpson and Coleman, 2017). Ethnography 

inquiry can provide knowledge and previous research studies employed ethnographic 

fieldwork methods and Participatory Design workshops whilst investigating the nature of 

cooperative home care work  (Bossen et al., 2013). However, other researchers argue the 

implications it can provide for the technology design (Dourish, 2006) and highlight 

possible concerns regarding the relationships between the researcher conducting the 

ethnography field work and the informant (Williams and Irani, 2010). This is because 

ethnography aims to understand participants’ experiences and views whilst omitting what 

participants say about the experience. This might not be an effective or appropriate way 

of designing technology as the impact of ethnography inquiry can be more general, 

leaving researchers with ways of imagining the relationship between the participants and 

technology (Dourish, 2006). 
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The evaluation process aims to test the usability and functionality of a system and 

evaluate both the design and implementation of a system. Various discussions and 

differences have been noticed in the field of usability and UCD with regard to the 

effectiveness of different evaluation methods. Downstream utility is defined as “the 

effectiveness with which the resolution to a usability problem is implemented.”, in other 

words, “The extent to which the improved or deteriorated usability of a system can 

directly be attributed to fixes that are induced by the results of usability evaluations 

performed on the system” (Law, 2006). Wixon (Wixon, 2003) states that for product 

development organizations the aim of the usability evaluation is not only to find the 

usability problem but to also understand it and fix it. By claiming that the true goal of 

usability testing is not finding problems but fixing them (Law, 2006), Wixon implies that 

downstream utility is the main measure of usability evaluation (Cockton, 2007). 

However, Cockton (Cockton, 2007) argues that evaluation should go beyond just fixing 

usability issues as there is a limit to what can be improved only by applying certain 

evaluation methods. The goal should be to “assess the achievement of design purpose”, 

which cannot be accomplished by separating the design and the evaluation.   

As previously mentioned, the HCI field advocates for involving the user in the design and 

testing. However, despite the recommendations of the ISO 9241-210 (2010) standard, 

whilst investigating how participation is configured in the HCI field, Vines et al. (Vines 

et al., 2013) noted that people with emotional needs and specific health conditions are 

typically not consulted during design phases, leading to their opinions and needs often 

being ignored. For example, a team of HCI researchers conducted a co-design workshop 

with healthcare professionals to understand how to properly develop a system that guides 

cardiac patients while cycling (Geurts et al., 2016). Following the workshop, the system 

was evaluated in the field by researchers and healthy persons and in the laboratory by 

healthy persons. Only later, it was evaluated in a four-week field study with four cardiac 

people. Guided by literature review findings and behaviour change concepts, Paay et al. 

(Paay et al., 2014) developed a mobile phone application that enables people to quit 

smoking. Similarly, Owen et al. (Owen et al., 2015) developed an application for people 

suffering from diabetes based on diabetes literature and previous research studies 

conducted in the area. Adams et al. (Adams et al., 2017) investigated how people 

suffering from chronic pain self-assess their levels of pain using smartphones. Sketches 

were firstly implemented based on the authors’ expertise and self-report and usability 

literature. The in-laboratory user study with ten participants helped refine the sketches 

before trialling the application in the field for three weeks with 12 participants. 
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DeLaughter et al. (DeLaughter et al., 2016) used an iterative, user-driven pilot testing 

approach to develop a game aimed at distracting smokers during a craving. An adapted 

version of a web-based game was firstly tested with five participants to refine the game 

concept, followed by a laboratory testing with 30 smokers (before uploading it online for 

public download). Role-play and improvisation techniques are other methods used at 

different design process stages, particularly useful when accessing end-users is 

challenging. Matthews et al. (Matthews et al., 2018) argue that these techniques are suited 

for mental health research as they can help designers better understand users’ needs. 

Techniques such as mock therapy sessions proved successful in designing a system for 

children supporting therapeutic play (Pykhtina et al., 2012). Experience prototyping 

(Buchenau and Suri, 2000) is another concept that enables designers to understand users’ 

experiences and enhance design concepts (e.g., wear pagers to understand how it is to be 

a defibrillating pacemaker patient). 

Other research studies involved users in the design process in a more active way (Abras 

et al., 2004; Dabbs et al., 2009; Harte et al., 2017). Harte et. al (Harte et al., 2017) 

employed a Human-Centred Design methodology based on ISO 9241-210 (2010) 

standard principles to design and develop a mobile health application for falls risk 

detection for older adults. The methodology applied consisted of three phases – a first 

phase where experts and end-users were presented with a descriptive use case and were 

asked to provide feedback, followed by the development of a prototype based on the 

feedback collected (phase 2) and its usability evaluation (phase 3). Dabbs et al. (Dabbs et 

al., 2009) also describe how applying the three design principles suggested by Gould and 

Lewis (Gould and Lewis, 1985) led to the design and development of an application to 

help patients with lung transplant adhere to their regime.  

As explained above, UCD methods can be effective in designing useful health 

technologies. However, applying more active User-Design methods during the initial 

stages of design can improve the chances that user’s needs and requirements are being 

considered (Harte et al., 2017). Therefore, the work presented in this thesis will focus on 

the use of Participatory Design, in addition to UCD, to encourage people with Overactive 

Bladder to actively participate in the design of the proposed mobile health application. 
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2.3.2 Participatory Design 

The notion of participation is important in HCI. Although User-Centred methods can 

prove effective when designing health applications, the use of more active User-Design 

strategies proved successful while studying wastewater treatment technology (Bødker 

and Buur, 2002), education research (Benford et al., 2000), home environments (Baillie 

and Benyon, 2008), mobile phones (Baillie and Schatz, 2005), and health technologies 

(De Barros et al., 2013; Dabbs et al., 2009). The purpose of Participatory Design (also 

called co-design) is to actively involve participants with specific competencies that can 

contribute to the design of a new technology that can be more usable and satisfying 

(Bødker and Buur, 2002).  

Participatory Design has been successfully used in the conceptualization of various 

rehabilitation tools focusing on helping patients adhere to treatment or medication 

regimes. Boyd et al. (Boyd et al., 2015) recognized that the barriers some patients face 

when trying to adhere to their medication regime could not be achieved through 

traditional User-Centred Design. Therefore, the authors applied a more active approach 

by involving patients throughout the entire development process of an educational 

program application, from the initial wireframe to the final product. The design of the 

application was constantly updated based on user feedback and other stakeholder 

categories. Uzor et al. (Uzor et al., 2012) co-designed with older adults games for falls 

rehabilitation. The design process consisted of two multi-phase design workshops, the 

first with non-fallers followed by a second workshop with seniors identified as fallers. 

Ayoade and Baillie (Ayoade and Baillie, 2014) designed and evaluated a home-based 

knee rehabilitation system. The design process consisted of a user design workshop with 

11 former knee replacement patients. The process was followed by two pilot usability 

studies with six former knee replacement patients and a six-weeks randomized controlled 

home study with 15 patients directly after their knee surgery. Jacobs et al. (Jacobs et al., 

2016) developed a framework surrounding breast cancer patients’ experiences. 

Interviews were conducted with 17 participants to understand how patients use 

technology to support their healthcare needs and four focus groups with 14 participants 

were conducted to understand the entire cancer journey.  

Workshops and interviews with multiple stakeholder categories also proved successful in 

designing mobile health applications. De Barros et al. (De Barros et al., 2013) applied 

multiple iterations during the design of a mobile health application for people suffering 

from Parkinson’s disease such as online forums, interviews, scoping sessions, focus 
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groups with end-users, and use cases with doctors. Micallef et al. (Micallef et al., 2016) 

successfully co-designed a mobile health application to assist stroke survivors with upper 

arm therapy. The design process consisted of initial interviews with physiotherapists 

followed by a two-phase design workshop with both end-users and healthcare 

practitioners. This process was followed by a controlled field user evaluation study with 

15 participants. This approach helped the authors recognize the importance of adapting 

the progress representation to the rehabilitation condition, and the success of reminders 

in helping people adhere to their exercise regime. Ploderer et al. (Ploderer et al., 2014) 

involved designers, smokers, and smoking cessation counsellors in the design process of 

a mobile phone application for smoking cessation. The design process consisted of 

several rounds of workshops with the three stakeholder categories, generating mock-ups 

that were later evaluated in interviews with smokers. The evaluation process consisted of 

a six-weeks field study with smokers, weekly diaries, log data, and interviews before and 

after the field study. This approach helped the authors highlight the effectiveness of 

interviews to inform how an application is used. Although previous research shows that 

people do not fill in diaries in real-time (Bolger et al., 2003), the authors claim they were 

useful in informing how the application was used during the study. The authors also 

highlight that log data is only useful in determining whether participants engage with an 

application.  Hakobyan et al. (Hakobyan et al., 2015) developed an application for older 

adults with age-related macular degeneration that allows people to self-monitor their diet, 

raises awareness, and encourages positive behaviour change. The design process 

consisted of an adapted version of the Plastic Interface for Collaborative Technology 

Initiatives through Video Exploration (PICTIVE) Participatory Design approach 

(Muller, 1991). This allowed the creation of paper prototype designs to help participants 

get an idea of how the application might look once developed. The authors state that this 

approach helps participants articulate their desires and increases technology acceptance.  

McNaney et al. (McNaney et al., 2018) conducted co-inquiry with people with 

Parkinson’s over 16 months, resulting in ten workshops. This has led to the development 

of a health information service (radio) for the community. Although it requires a lot of 

resources, the authors claim that this approach allows people to address matters that 

concern them and by acting as co-researchers, participants are active in determining the 

course of action. 
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Sensitive domains 

In the area of personally sensitive domains, Knapp and Kirk (Knapp and Kirk, 2003) 

conducted a survey containing personally sensitive questions on 352 undergraduate 

students using three methods: (1) pencil and paper, (2) Internet survey, or (3) an 

automated telephone response system. The authors did not find differences across the 

survey groups and argue this could be due to the total anonymity in which the study was 

conducted – the surveys were completed in private, and the students received a written 

and verbal guarantee of anonymity. 

Alfred Kinsey published in 1948 the Sexual Behaviour in the Human Male and the Sexual 

Behaviour in the Human Female in 1953, also known as the Kinsey Reports3. The reports 

were perceived as controversial and the way Kinsey collected the data (through personal 

interviews) also received criticism (Morris, 2013). Morris (Morris, 2013) presents a 

paragraph from an Italian press article dating back to 1953: “But who would take part in 

such investigations, if not people who already have no shame and have sunk so low into 

a life of vice that they can talk about it without blushing?”, illustrating how morally 

dangerous the reports were considered. Nowadays, HCI researchers are investigating how 

technology impacts private life, on how to design intimate technologies (Bell et al., 2003; 

Brewer et al., 2006), leading to new interactions (Blythe and Jones, 2004). For example, 

in relation to pleasure, research has been conducted on how sex toy designers operate 

(Bardzell and Bardzell, 2011). The authors conducted 14 interviews with designer-

inventors and show that these designers design for experience and emotion in a critical, 

rather than empirical way. The designer-inventors tend to engage in design criticism, 

reflect on their experiences, have intimate discussions with potential end-users (family 

members, friends, strangers on the street, customers), and consult experts. The designer-

inventors use three-dimensional prototypes in a quick iterative way and evaluate the 

prototypes with consumers, family members, and experts.  

Sorcar et al. (Sorcar et al., 2017) investigated methods for teaching (using an educational 

software application) urban Indian youth about taboos such as HIV. The authors highlight 

the impact that culture has on discussing certain subjects such as sex (Kiran and Anmol, 

2019), HIV, homosexuality, menstruation, etc. Before designing the software application, 

the authors conducted semi-structured interviews with young adults and an anonymous 

survey of 200 Indian urban college students. The survey required seven iterations and the 

design followed approximately 150 iterations before it was approved. Special attention 

 
3 Kinsey Reports, https://en.wikipedia.org/wiki/Kinsey_Reports 
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needed to be given to the words used in the material and the images presented (e.g., only 

Bollywood4 depictions of intimacy were considered appropriate). The decisions taken 

proved successful as students indicated feeling comfortable learning from the application 

and that they felt less afraid of interacting with an HIV-positive person. Results also show 

that students feel embarrassed to discuss such topics with their teachers and that the 

application eliminated that discomfort.  

Researchers in HCI have also tried to understand what methods are appropriate for 

undertaking requirements gathering with people suffering from conditions that are 

stigmatized. Previous research studying people living with HIV used traditional methods 

such as surveys, face-to-face interviews, and focus groups or online questionnaires and 

interviews. Marcu et al. (Marcu et al., 2016) successfully used Participatory Design to 

understand the issues regarding behavioral intervention technology as part of the daily 

life of people with HIV. The authors conducted workshops to confirm their mobile phone 

application prototype and gain additional input for the final design of the application.  

Stammering is a speech disorder that can lead to low self-esteem, social isolation, and 

anxiety. Although research regarding the stammering condition has mostly used 

participants in the testing phases, McNaney et al. (McNaney et al., 2018) successfully 

applied design workshops with end-users for a mobile application that aims to support 

people who stammer during their self-managed treatment. Maestre et al. (Maestre et al., 

2018), however, argue that face-to-face data collection and recruitment is challenging 

given the stigmatizing nature of the condition.  

Asynchronous remote community (ARC) is a method introduced by MacLeod et al. 

(MacLeod et al., 2017) which acts as web-based focus groups but differs in the sense that 

it is conducted over a longer period (several weeks or even months). An ACR study 

typically involves a private or secret Facebook group where participants conduct tasks 

individually and/or in groups.  

The MONARCA system for people suffering from bipolar disorder was designed using a 

Participatory Design process involving psychiatrists and patients. Both stakeholder 

categories were involved in numerous collaborative design workshops and iterative 

prototyping sessions (Bardram et al., 2013). Matthews et al. (Matthews et al., 2015) used 

an in situ participatory design process for one year with nine end-users, research teams, 

and healthcare professionals, to develop a mobile application for individuals with bipolar 

disorder. Contrary to other research studies (Bardram et al., 2013), the authors argue that 

 
4 Bollywood, https://en.wikipedia.org/wiki/Bollywood 



 

34 

participatory workshops with patients and healthcare professionals are not sufficient to 

gain a deep understanding of the daily context and the experiences of people with bipolar 

disorder. Although contradicting previous mental health research (Puiatti et al., 2011), 

the authors state that this lengthy approach helped them better collect important 

observations than by using scenarios and hypothetical thinking.  

2.4 Conclusion  

This chapter started by providing a background on the Overactive Bladder condition and 

the issues surrounding it, followed by a review of research studies conducted in the area 

of mobile health applications. The following application functions, derived from the 

literature review presented in this chapter, will be addressed in this thesis: 

1. The possibility of having a map indicating the closest toilet location.  

People suffering from OAB symptoms tend to perform their activities close to any toilet 

location (Jackson, 1997). Therefore, this thesis will exploit the possibility of 

implementing a feature indicating where the nearest toilet location is as this feature could 

be useful in case of urine leakage. This can be achieved through mapping, as smartphones 

can easily detect the user’s current location (Fröhlich et al., 2007), and can display where 

the nearest toilets are on a map.  

2. The possibility of showing users’ progress and provide feedback.  

Overactive Bladder non-pharmacological therapies have no side effects and increase 

patients’ satisfaction. However, these therapies require motivation and involvement, and 

patients tend to drop out whenever an improvement is not quickly seen (Alewijnse et al., 

2002; Burgio et al., 2002; Sussman, 2007). The literature reviewed indicates that showing 

progress and improvement helps patients adhere to treatment (Ayoade and Baillie, 2014; 

Geurts et al., 2016; Matthews et al., 2015). Self-monitored progress combined with 

positive feedback and allowing users to set goals also proved effective in increasing 

adherence to treatment (Paay et al., 2014; Toledo et al., 2018). Visualizing the data 

collected using number charts (e.g., bar, line) is a common approach used in mental health 

(Gravenhorst et al., 2015) and other self-tracking applications (Choe et al., 2014). 

Therefore, the application could help people suffering from OAB symptoms increase their 

adherence to treatment by allowing them to visualize their progress, set up goals, and 

provide them with positive feedback when the goals are achieved.  
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3. The possibility of providing Fluid Intake and PFM exercise reminders.  

Consuming a controlled amount of liquids per day is an important aspect of the OAB 

treatment (Nambiar et al., 2018). PFM training is also important as undertaking a proper 

amount of training can reduce UI symptoms for both women and men (Nambiar et al., 

2018; Singh et al., 2017). Although effective, adherence to PFM exercise training proved 

to be low (Alewijnse et al., 2002). The literature presented in this chapter shows that 

reminders are effective in increasing adherence to medication (Riley et al., 2011), 

exercises (Geurts et al., 2016; Micallef et al., 2016), and in persuading people to drink 

daily proper amounts of water per day (Chiu et al., 2009). Therefore, this thesis will 

exploit the possibility of providing users with Fluid Intake and PFM exercises reminders.  

4. The possibility of providing distraction techniques (e.g., games, quizzes, etc.). 

Bladder training consists of extending the times between voids and learning urge 

suppression techniques (e.g., distraction techniques) to try and avoid rushing to the toilet 

whenever there is an urge to urinate (Abrams et al., 2017; Nambiar et al., 2018). Mobile 

phone games have been used as a distraction technique in helping people cope with 

cigarette cravings (DeLaughter et al., 2016; Ploderer et al., 2014) and proved successful 

in increasing adherence to medication (de Oliveira et al., 2010) and in persuading people 

to live a healthier lifestyle (Chiu et al., 2009; Grimes et al., 2010). Therefore, this thesis 

will exploit potential methods of distraction, such as games, that are implementable in a 

mobile phone application to help users control the urge to urinate. 

5. The possibility of disguising the application. 

Overactive Bladder is considered a stigmatized health condition and embarrassment is a 

leading cause for people not seeking medical help or discussing the condition with 

healthcare professionals (Abrams et al., 2017). Stigma can influence the needs of people 

and how they interact with health applications and devices (Marcu et al., 2016; O’Kane 

et al., 2015). The safety of personal information is also important to the extent that some 

people would prefer tracking their health information using a paper-based diary as it 

offers better security compared to digital tools (Bussone et al. 2016). Given this, the 

application could adapt to the needs of people suffering from Overactive Bladder 

symptoms and provide them with tools to disguise the application if they wish to do so.  
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6. The possibility of including a bladder diary to keep track of symptoms. 

A paper-based bladder diary is part of the initial assessment and is one of the main means 

of diagnosing people (Abrams et al., 2017). Bladder Diary applications already available 

on the market require precise urine quantities, forcing users to void in measuring 

receptacles to provide the quantities (Bladder Voiding Diary iUFlow, 2019). Intuitively, 

this becomes uncomfortable for the user and therefore, the application could help 

overcome this issue. Additionally, as people fail to complete health diaries (Verbrugge, 

1980), it was essential to understand if the application can support people in increasing 

adherence to completing a Bladder Diary.   

7. The possibility of improving user experience. 

Given the new technological possibilities, Dove et al. (Dove et al., 2017) recommend that 

mobile applications should provide personalized context, understand the user and the 

environment to improve user experience. Previous research has already used mobile in-

built sensor technology to define algorithms to determine how busy the users' 

environment is (Micallef et al., 2015). In the health area, systems that capture photos, 

ambient audio, location information, and conduct context analysis have been developed 

for people with episodic memory impairment (Lee and Dey, 2008) and people with 

various mental disorders to assist them during treatment (Burns et al., 2011; Puiatti et al., 

2011; Rajanna et al., 2015). This highlights that an initial set up of data capture could be 

useful and that some form of machine learning or procedural algorithm could be effective 

for the application. Therefore, this thesis will also exploit the possibility of providing 

personalized content based on context analysis to improve the user experience. 

This chapter also provides a summary of HCI design methodologies that have been used 

in the design of mobile health applications. This work will utilize Participatory Design 

and User-Centred Design methods, during an iterative process, to inform the design of an 

OAB mobile phone application. One reason for this was to explore the active involvement 

of participants suffering from OAB in the design of a mobile phone application (see 

Section 2.2.2 detailing how people suffering from OAB have not been involved in the 

design of OAB mobile health applications available on the market). Moreover, actively 

involving end-users can inform the design of more useful mobile health applications for 

sensitive conditions.  
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Chapter 3. Methodology 
The design process employed in this thesis consisted of four phases, starting with a 

detailed literature review (Chapter 2), followed by a requirements gathering process 

(Chapter 4), involving healthcare professionals and people suffering from Overactive 

Bladder symptoms (end-users) to collect design ideas for the application. Based on the 

feedback collected, a first application prototype was developed, followed by an 

evaluation with the same two stakeholder categories (Chapter 5). The second set of 

feedback collected helped improved the prototype and later this was evaluated during a 

short field study with end-users (Chapter 6). Following a new set of improvements based 

on the data collected during the short field study, the final application was evaluated 

during a long-term field study with end-users (Chapter 7). Knowledge was constantly 

gained through the act of developing and evaluating the application and iterative design 

work. By doing this, recommendations can be made for the design of mobile health 

applications for sensitive conditions to make them more useful and effective. 

Research through Design 

Fallman (Fallman, 2003) argues that HCI is a design-oriented field of research, promoting 

“an attitude to research that involves the researcher in creating and giving form to 

something not previously there.”. Fallman states that there are three types of attempts 

(also known as accounts) to conduct design: the conservative account, the romantic 

account, and the pragmatic account. According to the conservative account (employed in 

this thesis), the design process gradually progresses from the requirements specification 

to a resulting artifact by following methodological steps. In design-oriented research, the 

contribution is the knowledge arising from studying the designed artifact or from the 

process of creating it (Fallman, 2003). 

Research through Design is a “practice-based inquiry that generates transferrable 

knowledge.”, a  “foundational concept for approaching inquiry through the practice of 

design.” (Durrant et al., 2017). Sir Christopher Frayling (Frayling, 1993) argues that 

“Doing science is much more like doing design”, indicating a need to differentiate 

between Research into Design, Research through Design, and Research for Design. These 

three types of research are conducted in the field of design and art and can also be applied 

to the HCI field: 
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• Research into Design implies conducting “historical research, aesthetic or 

perceptual research, research on a variety of theoretical perspectives on art and 

design.”. 

• Research through Design implies material research (e.g., research conducted 

using an experimental approach), development work (e.g., customising 

technology in a novel way and communicating the results), and action research 

(e.g., research diary explaining step by step a procedure experiment ending in a 

report). 

• Research (small R) for design which is “gathering of reference material” to 

produce an artifact (e.g., routine research such as surveys, interviews, etc.) and 

Research (big R) for design which implies producing resources that can be used 

in future research, perceived as the “original and significant academic Research” 

(Cockton et al., 2016). 

Yee (Yee, 2009) highlights that Frayling’s (Frayling, 1993) research modes are not 

mutually exclusive and that the three categories of Research into, through, and for design 

tend to combine (Cockton et al., 2016). 

Research through Design is an “inquiry process” that focuses on creating an artifact (e.g., 

a product, system, application) and on the production of knowledge (Bardzell et al., 2015; 

Zimmerman et al., 2010). Zimmerman et al. (Zimmerman et al., 2007; Zimmerman et al., 

2010) propose a model that does not aim to create a “commercially viable product”, but 

rather to produce “knowledge for the research and practice communities”. Through this 

model, interaction design researchers aim to “make the right thing”, that is to design an 

artifact that “can transform the world from its current state to a preferred state.”. The 

model also allows researchers to tackle “wicked problems” where stakeholders have 

conflicting goals.  

Design researchers apply an active process of reflecting and iterating potential artifacts 

in the attempt to “make the right thing” (Zimmerman et al., 2007). The design process 

involves the following stages: “grounding—investigation to gain multiple perspectives 

on a problem; ideation— generation of many possible different solutions; iteration— 

cyclical process of refining concept with increasing fidelity; and reflection.” 

(Zimmerman et al., 2007). The process can include variations of UCD such as including 

potential end-users before, during, or after design and making use of various tools (e.g., 

sketches, scenarios)  to achieve a good outcome (Gaver, 2012). The outcome can be a set 

of artifacts and a documentation of the design process (Zimmerman et al., 2007). The 
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documentation is typically a combination of various document types such as images, text, 

video, etc. (Bardzell et al., 2016). Gaver (Gaver, 2012) argues that an annotated artifact 

can lead to theory development, whilst Zimmerman et al. (Zimmerman et al., 2010) state 

that an artifact (resulting from Research through Design) in itself is a theoretical 

contribution. 

Research through Design is also seen as practice-based research where “the artifacts of 

research practice” are placed center stage (Candy and Edmonds, 2018; Wallace et al., 

2014). Similarly, Jonas (Jonas, 2007) argues that Research through Design is based on a 

structure of learning and designing derived from practice. This proved successful when 

creating a physical-digital mindfulness device for stress reduction (Zhu et al., 2017), 

when investigating the relationships between amateur fashion making, well-being, and 

sustainability with regards to re-knitting existing garments (Holroyd, 2015), or when 

researching polychronic objects composed of materials from different historical areas 

(Norris, 2016). Placing the artifact center stage and asking members of the public to 

interact with it (during Research Through Design Conferences) helped in expanding the 

material map used and in developing theories on how to approach polychronic objects 

research (Norris, 2016). Critical Design (Bardzell and Bardzell, 2013), another Research 

through Design methodology, aims to provoke new ways of thinking about design, 

challenging consumers to be more critical about everyday design. This approach proved 

useful when exploiting personal and sensitive domains. Bardzell and Bardzell (Bardzell 

and Bardzell, 2011) investigated how sex toys designer-inventors critically design for 

experience and emotion. The authors argue that all the resources from the stakeholders 

involved in design (consumers, manufacturers, health experts, etc.) to the artifact in itself 

contribute to knowledge.  Bardzell et al. (Bardzell et al., 2015) also present the benefits 

of critical analysis within Research through Design by presenting a menstruation 

instrument for men that can improve their empathy towards women.  

Research through Design is a valid approach to address the two problems identified in 

this thesis and to answer the research questions and objectives outlined in Chapter 1, 

Section 1.1, pages 1 and 2. The remaining of this chapter explores the User-Centred and 

Participatory Design methods employed in this thesis to identify potential opportunities 

for innovation. 

3.1 Requirements Gathering Process 

Following a detailed literature review (Chapter 2), the work conducted in this thesis 

continued with a requirements gathering process. Interviews were conducted with 
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healthcare professionals and co-design interviews were carried out with people suffering 

from OAB symptoms and a family member of a person suffering from OAB symptoms. 

The aim was to gather more information about the condition and how people cope with 

it, and to investigate what application features would be suitable and would fit the needs 

of people suffering from Overactive Bladder symptoms. In the attempt to “make the right 

thing”, both the requirements gathering process and the literature review represented the 

“grounding—investigation to gain multiple perspectives on a problem” stage of the 

design process proposed by Zimmerman et al. (Zimmerman et al., 2007).  

Mobile phone applications are available for different health areas such as stroke 

rehabilitation (Micallef et al., 2016), cardiology (Geurts et al., 2016), various chronic 

conditions (Owen et al., 2015), or smoking cessation (Paay et al., 2015). Different 

approaches have been used when designing such mobile health applications. Guerts et al. 

(Geurts et al., 2016) designed an application for cardiac patients following the feedback 

received from healthcare professionals and highlight the importance of including medical 

staff in the design process. Matthews et al. (Matthews et al., 2015) also designed with 

healthcare professionals an application for people suffering from bipolar disorder. Other 

research studies used reports on previous health studies when designing mobile health 

applications (Owen et al., 2015; Paay et al., 2015). Hakobyan et al. (Hakobyan et al., 

2016) used a more active approach and designed an application for older adults with age-

related macular degeneration with both healthcare professionals and end-users. Micallef 

et al. (Micallef et al., 2016) also successfully co-designed a mobile health application 

with stroke survivors, to assist with upper arm therapy by conducting design workshops 

with end-users and healthcare professionals.  

As outlined in Chapter 2, Section 2.4, page 36, since the treatment application aimed to 

be designed would act as a very personal tool, Participatory Design, in addition to UCD, 

was utilised to answer RQ1, RQ2, RQ4 and fulfill Objectives 2-4, Chapter 1, Section 1.1, 

page 1 and 2. Initially, within this study, a design workshop was intended to be used, as 

the methodology proved successful while studying mobile phone applications for stroke 

survivors (Micallef et al., 2016), people with HIV (Marcu et al., 2016), people who 

stammer (McNaney et al., 2018), and in the conceptualization of other rehabilitation tools 

(Hakobyan et al., 2016; Matthews et al., 2015). However, given the nature of the 

condition and the recommendations made by the healthcare professionals to not conduct 

workshops, focus groups, or interviews with mixed-gender participants (Chapter 4, 

Section 4.1.2, page 59), paired and single face-to-face interviews were instead conducted. 
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The interviews with healthcare professionals were divided into three phases. The first 

phase consisted of a series of open-ended questions that aimed to understand how patients 

manage the condition in the UK, what barriers patients face when accessing treatment, 

and the challenges healthcare professionals face in managing patients with OAB 

symptoms and getting them to adhere to treatment. This was necessary to understand on 

what treatment aspects should the application focus. The second phase focused on 

gathering information about treatment guidelines and protocols, bladder diaries, voiding 

schedules, and leaflets. The last phase of the interview concentrated on collecting design 

ideas for the application and consisted of a discussion based on the features arising from 

the literature review (see Chapter 2, Section 2.4). 

Uzor et al. (Uzor et al., 2012) conducted a co-design workshop with older adults to 

understand how to design more useful and enjoyable games for falls rehabilitation. The 

workshop was composed of four phases. Phase 1 was a discussion of past experiences to 

understand user’s views regarding the use of booklets and videos for falls rehabilitation. 

In Phase 2, Personas and Scenarios were introduced to convey typical user-journeys 

through rehabilitation and understand the factors that limit users from adhering to 

treatment. In Phase 3, participants interacted with the prototypes already developed (e.g., 

played games and commented on their usefulness for home rehabilitation). The co-design 

workshop concluded with the User Sketches (Phase 4), where participants were given 

examples of exercises from booklets and were asked to design and discuss ideas for 

rehabilitation tools based on these exercises using sketches and annotations. The co-

design interviews with people suffering from OAB symptoms (end-users) followed an 

adapted version of the procedure utilized by Uzor et al. (Uzor et al., 2012), and were 

divided into three main phases, as follows (see Section 4.2.2 for more details):  

• Treatment and Experiences – Similar to the first phase of the co-design workshop 

conducted by Uzor et al. (Uzor et al., 2012), the aim was to gain a deep 

understanding of how people suffering from OAB cope with the condition.   

• Screenshots - Participants were presented with paper-based prototypes, e.g., 

screenshots of potential functionalities (the same concepts arising from the 

literature review and discussed with the healthcare professionals) and scenarios 

describing how these can be used in different contexts. This is not to be confused 

with the third phase of the co-design workshop conducted by Uzor et al. (Uzor et 

al., 2012), where participants interacted with previously developed prototypes. 
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• Sketches - Similar to Phase 4 of the workshop conducted by Uzor et al. (Uzor et 

al., 2012), participants were asked to design their version of the functionalities 

presented in the Screenshots Phase or suggest new ones. The motivation behind 

this was to encourage more visual participants to engage in the design of the 

application (Baillie, 2002). Fallman (Fallman, 2003) presents the idea of Sketching 

as Design Thinking, arguing that sketching can become a useful communication 

tool that allows designers to express themselves and the appearance of an artifact 

that is not yet tangible. This phase allowed participants to become the designers 

of the artifact and helped them better articulate their ideas. 

Throughout the entire interview, participants had the option to base their answers on 

Personas and Scenarios. These tools have been successfully used in facilitating design 

discussions and encouraging participants to engage in a study (Bødker and Buur, 2002; 

Uzor et al., 2012). Additionally, Blythe (Blythe, 2014) argues that Scenarios and Personas 

can be viewed as “design fictions”, which can be a useful development tool in Research 

through Design. A Persona is a fictional character, a description of a possible end-user 

that might interact with a certain system or application. A Persona is defined by a set of 

characteristics that makes the character seem more real and helps designers keep realistic 

ideas of users throughout the design process (Sinha, 2003).  

Uzor et al. (Uzor et al., 2012) used Personas and Scenarios (Phase 2) during the co-design 

workshop to gain more understanding about issues regarding treatment adherence. 

However, during the OAB co-design interviews, the tools were used in anticipation that 

people might not feel comfortable discussing private issues. This is because the 

interviews were targeting a sensitive health condition and participants might prefer basing 

their answers on Personas rather than on personal experiences. To make the Personas as 

realistic as possible (Blythe, 2014), some characteristics were based on the feedback 

received during the interviews with healthcare professionals conducted prior to the co-

design interviews with people suffering from OAB symptoms (Chapter 4, Section 4.2.2, 

page 61 for more details). Based on the functionalities of the application and in relation 

to the personas defined, the scenarios were chosen to present various circumstances in 

which the application can be used (Appendix 1.4). Scenarios have been chosen as 

providing examples of usage might help participants generate design ideas. 

The main aim of the study was to gather design ideas for the application. However, 

embarrassment, the leading cause for people suffering from OAB symptoms to not seek 

medical help or discussing the condition with healthcare professionals (Abrams et al., 
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2017), is an emotion that plays an important role in how people interact in society (Miller, 

1996). Therefore, to fulfill Objective 4 (Chapter 1, Section 1.1, page 2),  it was also aimed 

to understand whether the interview structure is appropriate and does not cause any 

increased emotional distress in people suffering from OAB as suggested by the healthcare 

professionals (Chapter 4, Section 4.1.2, page 59).  

3.1.1 Appropriateness of the Method Chosen 

Research has been conducted on understanding emotion, its impact on the relationship 

between humans and devices, and the role it plays in the HCI field (Brave and Nass, 

2009). For example, Healey et al. (Healey et al., 2018) evaluated various graphical user 

interfaces for capturing emotions on a mobile phone. Wilson and Brewster (Wilson and 

Brewster, 2017) investigated modalities of conveying emotions through visual, thermal, 

and vibrotactile feedback. Similarly, Halvey et al. (Halvey et al., 2012) researched how 

thermal stimuli can influence a person’s emotional perception of music and images.  

Various methods of assessing a user’s emotional experiences have been used mostly when 

evaluating interfaces. These methods varied from using electroencephalogram (to 

measure neurological changes) to determining heart rate, pupil dilation, temperature, 

blood pressure, etc. changes when interacting with a system. Less invasive methods such 

as analysing facial expressions and voice were also used for emotion recognition. 

However, self-report measures are used as primary methods for evaluating emotion 

during and after an interaction (Brave and Nass, 2009). Standard questionnaires such as 

the Questionnaire for User Interface Satisfaction (Chin et al., 1988) have been used for 

evaluating the user’s acceptance of a computer interface or the Positive and Negative 

Affect Schedule questionnaire (Watson et al., 1988) to measure mood. Pictorial 

representations such as the Self-Assessment Manikin (Bradley and Lang, 1994) have been 

successfully used when evaluating a person’s pleasure, arousal, and dominance response 

to a variety of stimuli (e.g., thermal (Akazue et al., 2017)).  

Russell’s circumplex model of emotion (Russell, 1980) is another commonly used tool to 

assess users' emotional experiences. In Russell’s circumplex model, emotions are 

arranged in a continuous circle around the arousal and valance axis; the emotions that are 

synonyms are closer to each other on the circle and the ones that are antonyms are on the 

opposite side of the circle. Barrett and Russell (Barrett and Russell, 1999) argue that two 

dimensions - arousal (physiological activation) and valence (pleasant/unpleasant) - are 

sufficient to describe the majority of emotional experiences. 
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Another emotion wheel (Figure 3.1), such as the one proposed by Baillie et al. (Baillie et 

al., 2011), is a variation of the model proposed by Russell (Russell, 1980) and Whissell 

(Whissell, 1989). Unlike the circumplex model that contains 28 emotion words, this 

emotion wheel contains 24 emotions arranged around its circumference that were chosen 

for their ease of interpretation. This approach proved successful in capturing players' 

emotions towards location-based games (Baillie et al., 2011), when investigating how 

thermal stimuli affected emotional perception when viewing images (Akazue et al., 2016) 

or when evaluating artificial driving sounds for automated vehicles (Beattie et al., 2015). 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1: Baillie et al.’s emotion wheel (Baillie et al., 2011). 

Deterding et al. (Deterding et al., 2015) highlight that more research needs to be 

conducted in the HCI community in the area of emotions, especially on embarrassment. 

Choi et al. (Choi et al., 2014) examined the interaction between humans and two different 

types of robots (autonomous vs. teleoperated) and the emotional impact this interaction 

has on their communication. Their results show that participants felt more embarrassed 

whilst being interviewed with a teleoperated robot than with an autonomous one. Whilst 

in most studies assessing the user emotional effect has been used as part of usability 

evaluations (Brave and Nass, 2009), this research is not aware of any previous work that 

investigated the emotional impact of the Participatory Design method chosen (e.g., co-

design interviews) on people suffering from a sensitive condition during a requirements 

gathering process. Since Baillie’s Emotion Wheel allows users to self-report emotional 

experiences and helps researchers understand what users mean when they report on their 

emotional reactions, the wheel was used in this thesis to capture participants’ emotions 

with respect to different stages of the co-design interviews. Therefore, an emotion wheel 

was provided prior to starting the interview to capture participants’ initial emotions. 

Afterward, an emotion wheel was provided after each phase of the interview to 
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understand whether participants’ emotions changed throughout the study. A final emotion 

wheel, regarding the entire interview, was provided at the end of the interview. For each 

emotion wheel, participants were asked to indicate a primary and secondary emotion, as 

indicated by Baillie et al. (Baillie et al., 2011). 

3.2 Design and Development 

The design process presented in this thesis is summarised in Figure 3.2 - three distinct 

design iterations were employed, as follows: 

i. Iteration 1 (Design 1) 

ii. Iteration 2 (Design 2) 

iii. Iteration 3 (Design 3) 

Each iteration had a distinct purpose which is presented below and are not to be confused 

with the iterations used in medical studies. Previous HCI studies conducted on medical 

devices mostly refer to design issues (Bardram et al., 2013; Bossen et al., 2013) and are 

not well aligned with a typical medical study. A medical study, to determine whether 

technology can cure an illness (Jalil et al., 2019), requires standards to be applied (“Step 

3: Clinical Research | FDA,” 2018). Moreover, medical studies typically require a double-

blind randomized controlled trial, which involves randomly dividing participants into two 

groups, one group receiving the substance under investigation and the second one 

receiving a placebo treatment (Nielsen et al., 2017). Therefore, to prove that a mobile 

health application can cure an illness, medical evidence needs to be introduced which was 

not the purpose of this thesis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2: The design paradigm employed in this thesis. 
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Iteration 1 (Design 1) 

The first stage of the design process was informed by the literature review, followed by 

the requirements gathering process (Study 1). As described in Chapter 2, Section 2.4, the 

main concepts arising from the literature review were:  

1. The possibility of having a map indicating the closest toilet location.  

2. The possibility of showing users’ progress and provide feedback.  

3. The possibility of providing Fluid Intake and PFM exercise reminders.  

4. The possibility of providing distraction techniques (e.g., games, quizzes, etc.). 

5. The possibility of disguising the application. 

6. The possibility of including a bladder diary to keep track of symptoms. 

7. The possibility of improving user experience. 

Participants taking part in the requirements gathering agreed with these concepts, 

sketched their version of the functionalities, and proposed new ones. The healthcare 

professionals recommended adding a Treatment Description feature that would provide 

an outline of the treatment and strategies to cope with the condition. The end-users 

proposed a Toilet Pass that would help them gain free toilet access in unknown locations. 

Differences were also noticed with regards to three concepts: (1) not all healthcare 

professionals agreed with the map feature (Chapter 4, Section 4.1.2, page 60), (2) not all 

end-users would prefer disguising the application or having an extra level of security 

(Chapter 4, Section 4.2.3, page 74), and (3), not all end-users agreed on the same PFM 

reminder, and main application icon (Chapter 4, Section 4.2.3, page 73 and 74).  

Following a “reflection” on the feedback collected (Zimmerman et al., 2007), a first 

Android application prototype was developed (see Chapter 5, Section 5.1 for more details 

regarding the implementation). This was necessary to partially fulfill Objective 5 

(Chapter 1, Section 1.1, page 2). The development represented the “ideation” stage of 

the design process proposed by Zimmerman et al. (Zimmerman et al., 2007) that led to 

the first design iteration (see Appendix 6) containing the following features: 

1. A map indicating the closest toilet location.  

2. Users’ progress as charts, the possibility to set up a goal, and provide feedback.  

3. Fluid intake reminder and PFM exercise reminders.  

4. Distraction techniques that would help users control the urge to urinate such as 

games and quick PFM contractions. 

5. A bladder diary to allow users to keep track of their symptoms. 
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6. A treatment description. 

7. A toilet pass to help users gain free toilet access in unknown locations. 

8. Environmental and location sensor and interaction data collection that can form 

the basis of a machine learning algorithm to improve user experience. 

Although contradictions were noticed with regards to the map feature during the 

interviews with healthcare professionals, all end-users agreed with it. Therefore, the 

feature was implemented to take into consideration the social and emotional needs 

(Doherty et al., 2000) of the direct stakeholder category (see Chapter 4, Section 4.3, page 

82 for more details). Healthcare professionals also did not agree with the idea of 

reminding people of going to the toilet and training their bladder based on location and 

context, whilst the end-users agreed with the concept. Therefore, it was decided that a 

data collection process should be implemented at this stage that can help define a machine 

learning algorithm (see Chapter 4, Section 4.3, page 81 for more details). Amongst end-

users, contradictions were noticed with respect to the possibility of disguising the 

application, and therefore it was decided to not implement this feature at this stage and 

further investigate it during future studies.  

Development 

The HCI field advocates for including end-users in the software development process as 

it can increase the User Experience. However, Gullikesen (Gulliksen, 2006) argues that 

the HCI community failed to adopt a User-Centred approach when it comes to 

understanding the needs of the software developers and the tools that they need to develop 

usable systems. From a development perspective, other researchers argue against 

involving users as this can become “unpredictable and decreases the orderliness of 

development work.” (Gulliksen, 2006).  

As previously mentioned (Chapter 2, Section 2.3.1), iterative design is an important part 

of UCD and is a design process widely accepted among User Interface developers. The 

iterative design has its roots in Spiral development which was firstly introduced by 

Boehm for general software engineering (Boehm, 1988). The model focuses on risk 

assessment and minimizing project risk by including several iterations into the design 

process. The early iterations of the Spiral model use low fidelity prototypes such as mock-

ups and paper sketches. Later iterations use more advanced and richer prototype 

implementations that also correspond to a lower risk of having user interface mistakes. 

More iterations imply more design refinements, leading to a better user interface. The 

Spiral model, employed in this thesis, has been successfully used in eHealth technologies 
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(van Gemert-Pijnen et al., 2011), when involving public geospatial health data (Barik et 

al., 2018), or when investigating usability driven approaches for mobile technologies 

(Nosseir et al., 2012). The iterative approach presented in this thesis started from the 

requirements stage, followed by analysis, designing, coding, and evaluating. 

Involving the end-user in the development process also has similarities with the Agile 

software development process. Agile refers to software development methodologies 

centered around the idea of quick and iterative development. Requirements and solutions 

evolve through collaboration which enables teams to deliver faster and high-quality 

products. This has led to four central values as mentioned in the Agile Manifesto5: (1) 

Individuals and interactions over processes and tools, (2) Working software over 

comprehensive documentation, (3) Customer collaboration over contract negotiation, 

and (4) Responding to change over following a plan. The iterations in the Agile methods 

(e.g., Scrum (Schwaber, 1995)) in general last between two to four weeks. Unlike the 

Spiral model (a typical iteration can last between 6 to 24 months) which produces 

prototypes after each iteration, each Agile iteration ends with high-quality software and 

a working product. Agile software development methods tend to be more customer-

oriented, rather than user-oriented as in UCD, which do not always coincide (Stickel et 

al., 2016). Moreover, integrating UCD within Agile software development can be 

challenging (Cockton et al., 2016) and no explicit ways of how to integrate UCD and 

Agile have been established (Bordin and De Angeli, 2016).  

The development process began by exploring the Android Developer Guides6, describing 

the Android frameworks and libraries, and providing tutorials on how to build Android 

applications using the available Application Programming Interfaces (APIs). These 

guidelines also informed the design of the application as it was necessary for the 

application to be consistent with the Android platform. Android provides a large number 

of pre-built User Interface (UI) components7 such as Dialogs, Menus, and different types 

of Layouts. The implementation of all these components is described in greater detail in 

Chapter 5, Section 5.1. In addition to the pre-built UI elements, the following components 

were also implemented based on the Android Developer Guides recommendations: 

Permissions8 – To protect the user’s privacy, Android applications must request 

permission to access system features (e.g., camera, location, internet, microphone) and 

 
5 Manifesto for Agile Software Development, https://agilemanifesto.org/ 
6 Developer Guides, https://developer.android.com/guide 
7 User Interface and Navigation, https://developer.android.com/guide/topics/ui?hl=en 
8 Permissions Overview, https://developer.android.com/guide/topics/permissions/overview?hl=en 

https://developer.android.com/guide/topics/ui?hl=en
https://developer.android.com/guide/topics/permissions/overview?hl=en
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user data (e.g., contacts, SMS). As described in Chapter 5, Section 5.1, page 93, and later 

on in Chapter 7, Section 7.3.1, page 154, several permissions needed to be granted to 

collect sensor data. The design and layout of these permissions is imposed by the Android 

platform and cannot be overwritten. Following the Android privacy guidelines9, 

participants were informed about the nature of each permission and the necessity to allow 

it. The minimum number of permissions was requested and only the permissions that 

were essential for the application to work.  

Application Bar10 - The application bar (Chapter 5, Section 5.1, page 93) is an important 

Android design element that had to be included to make the application consistent with 

other Android applications and to provide users with a quick understanding of how the 

application works.  

Other mobile health applications available on the market also informed the design of the 

application and features such as user profile and progress: 

User Profile - Ada11 is an application for checking symptoms and conditions that uses 

Artificial Intelligence and healthcare professionals’ expertise to help people understand 

and manage any health issue they might face. The application creates a profile for each 

user and provides a summary of the user’s symptoms.     

Progress – FitBit12 is an activity tracker usually worn on the wrist which offers users the 

possibility to visualize the data collected (e.g., number of steps, calories burnt, heartbeat) 

within a smartphone application. Users can set up goals (e.g., how many hours they would 

like to sleep during the night) and can track their progress. The progress can be visualized 

as a bar chart split by days and whenever the goal is reached during a day, a star will be 

displayed at the top of the bar.  

Iteration 2 (Design 2) 

Micallef et al. (Micallef et al., 2016) show that testing the prototype of a mobile health 

application with healthcare practitioners before a field evaluation is an important step as 

their feedback could help improve the application. Lewis and Wyatt (Lewis and Wyatt, 

2014) underline the fact that it is important to include healthcare professionals in the 

development process to avoid compromising patient safety by providing inappropriate 

content or functions. Continuing with the design process proposed by Zimmerman et al. 

(Zimmerman et al., 2007), the next stage is represented by iterations, a “cyclical process 

 
9 Privacy best practices, https://developer.android.com/privacy/best-practices 
10 Add the app bar, https://developer.android.com/training/appbar 
11 Health. Powered by Ada., https://ada.com/ 
12 FitBit, https://www.fitbit.com/uk/setup 

https://developer.android.com/privacy/best-practices
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of refining concept with increasing fidelity”. Therefore, as part of an iterative design 

process, to answer RQ1, RQ2, RQ4 and fulfill Objectives 5 and 10 (Chapter 1, Section 

1.1, page 1 and 2), following the development process, the prototype developed was 

evaluated during interviews with healthcare professionals and people suffering from OAB 

symptoms (Chapter 5). The aim was to understand if the content of the application is 

consistent with OAB guidelines, if the features are well integrated, and to collect feedback 

on the user interface. Moreover, it was aimed to evaluate several features (e.g., PFM 

reminders, rewards, application icon, and disguise options) where an agreement could not 

be reached during the previous requirements gathering phase. Following a Research 

through Design approach, the application (“the artifact of research practice”) was placed 

center stage (Wallace et al., 2014). Participants were presented with the actual 

implemented application and were asked to provide feedback based on a script (see 

Chapter 5, Section 5.2 for more details).  Blythe (Blythe, 2014) argues that a prototype 

(referring to “fantasy prototypes” in their papers) can be useful in exploring a design 

space and can be a valuable Research through Design asset as reflecting on the prototype 

development can produce knowledge.  

Following a “reflection” process (Zimmerman et al., 2007), several design changes have 

been implemented (see Chapter 5, Section 5.3 for details). As during the previous study, 

contradictions were noticed with respect to the feedback provided by the two stakeholder 

categories. One contradiction referred to the bladder diary as some healthcare 

professionals emphasized the importance of having precise urine quantities, whilst 

healthcare professionals suggested using approximations. With regards to the disguise 

feature, the end-users suggested not disguising the application and not implementing an 

extra layer of protection as this would overcomplicate the access to the application in 

important moments, such as when an urge occurs. Following the feedback provided 

during the prototype interviews, the disguise feature was not implemented, and 

approximations were used for the bladder diary (see Chapter 5, Section 5.3 for design 

decisions). Both stakeholder categories in the study provided valuable insights into the 

design of the application, resulting in “Design 2” (see Appendix 6), containing the 

following features: 

1. A map indicating the closest toilet location.  

2. Users’ progress as charts, the possibility to set up a goal, and provide feedback.  

3. Fluid intake reminder and PFM exercise reminders.  
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4. Distraction techniques that would help users control the urge to urinate such as 

games and quick PFM contractions. 

5. A bladder diary to allow users to keep track of their symptoms. 

6. A treatment description. 

7. A toilet pass to help users gain free toilet access in unknown locations. 

8. Environmental and location sensor and interaction data collection that can form 

the basis of a machine learning algorithm to improve user experience. 

The application was later evaluated during a short field study (Chapter 6) that resulted in 

the third iteration design.  

Iteration 3 (Design 3) 

Zhang and Adipat (Zhang and Adipat, 2005) state that traditional usability testing 

methods do not always apply to mobile phone applications and that appropriate 

methodologies are necessary when evaluating such applications. According to the 

authors, a combination of both laboratory and field studies should be considered. 

Laboratory studies are useful when investigating interface layout, menu design, link 

structures, and data entry, whilst field studies are appropriate when investigating user 

behaviour and attitudes toward the mobile phone application. Kaikkonen et al. 

(Kaikkonen et al., 2005) state that laboratory studies are sufficient when evaluating the 

User Interface of a mobile phone application. The authors claim that field studies become 

important when the user behaviour in real-life context is also investigated (as also 

suggested by Zhang and Adipat (Zhang and Adipat, 2005)). Baillie and Schatz ((Baillie 

and Schatz, 2005) highlight the fact that both laboratory and field studies are needed to 

properly evaluate a mobile phone application as undertaking only one type of study might 

leave usability issues not discovered. Klasnja et al. (Klasnja et al., 2011) also underline 

the importance of conducting short in situ evaluations as laboratory-based usability 

evaluations could leave mistakes unrevealed. Therefore, continuing with the iterations 

stage (Zimmerman et al., 2007), to answer RQ1, RQ3, RQ4 and fulfill Objectives 6-10 

(Chapter 1, Section 1.1, page 1 and 2) this short field study aimed to (1) understand any 

outstanding usability issues regarding the application, before long-term deployment, (2) 

collect sensor and interaction data that will help better define the application for the long-

term field study, and (3) to understand whether using the application in a real-life context 

has an impact on user’s view it.  

Different approaches have been used when evaluating mobile health applications. End-

users have been involved during field studies when evaluating mobile health applications 
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designed for cardiac patients (Geurts et al., 2016), for people suffering from bipolar 

disorder (Matthews et al., 2015), smoking cessation (Paay et al., 2015), or for evaluating 

applications that support self-management for people with chronic conditions (Owen et 

al., 2015). Hakobyan et al. (Hakobyan et al., 2016) evaluated an application for older 

adults with age-related macular degeneration by conducting both controlled (visiting each 

participant) and field studies. Micallef et al. (Micallef et al., 2016) evaluated the usability 

of a mobile phone application for stroke survivors to assist with upper arm therapy during 

a controlled field study. Since stroke survivors often suffer from various impairments 

(visual, physical, memory problems, and fatigue), the authors decided it would be better 

to evaluate the application in the participants’ homes. The same approach was used by 

Uzor and Baillie (Uzor and Baillie, 2014) when they evaluated the usability of exergames 

for elderly people in their homes. Tsai et al. (Tsai et al., 2007) developed a mobile phone 

application for monitoring real-time caloric balance and investigated its usability through 

laboratory and field studies. The authors conducted a short field study of one week with 

six end-users and a one-month long field study with 15 end-users. Therefore, this short 

field study ran for nine days (Micallef et al., 2015) and was divided into three phases (see 

Chapter 6, Section 6.2 for more details): 

Phase 1 – Pre – Study Interviews - After installing the application on participants’ 

smartphones, participants were asked to evaluate the features by conducting tasks and 

completing usability questionnaires (e.g., NASA-TLX) after each task. Participants were 

also asked to complete Emotion Wheels after interacting with the distraction techniques, 

at the beginning and the end of the interview, similar to the requirements gathering co-

design interviews. This research is not aware of any previous work that investigated the 

emotional impact of the method chosen (e.g., interviews) on people suffering from a 

sensitive condition during an evaluation process. 

Phase 2 - Ongoing Study - The nine days field study in which participants interacted with 

the application in an uncontrolled environment. Participants were only asked to fill in the 

Bladder Diary for the first three days and to use the Distractions whenever they felt the 

urge to urinate. In the background, the application collected and uploaded to a server 

sensor and application interaction data to understand how they interact with it in real life. 

Building the evaluation of the application into the application itself is a novel approach 

with regard to OAB mobile phone applications. The data collected would help build the 

machine learning algorithm proposed that could provide personalized content based on 

context analysis. 
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Phase 3 - Post – Study Interviews - Participants were asked to participate again in an 

interview, following the same procedure as in Phase 1. Additionally, participants were 

asked to fill in a usability questionnaire (e.g., System Usability Scale) and answer 5-points 

Likert scale questions regarding the features and the study.   

Before commencing the short field evaluation, several design decisions, arising from the 

feedback received during the prototype interviews, needed to be implemented (see 

Chapter 6, Section 6.3 for more details). The progress feature was limited to be displayed 

for one week and the fluid intake and PFM exercises reminders were implemented. The 

reminders were implemented as notifications13 (later described in Chapter 6, Section 6.3), 

following the Android Developer Guides recommendations.  

The data collected during the study shows that the application has the potential of raising 

awareness of symptoms and helping people adhere to self-managed treatment. 

Participants not familiar with the condition and its treatment, engaged more with the 

application, and were more determined (e.g., played the games and filled in the bladder 

diary more than required). Therefore, it was thought that the application may need to 

encourage a certain level of interaction by sending digital nudges. The data obtained also 

revealed problems with the sensor data collection and design issues with some features 

(e.g., selecting the time for the bladder diary) that were not highlighted in previous 

studies. Unfortunately, interaction and sensor data was collected only from three 

participants and no pattern could be set between the location, environment, and 

application usage. Given the limited information obtained, it was not possible to develop 

a machine learning algorithm (see Chapter 6, Section 6.5, page 142 for details). The end-

users taking part in the study provided valuable insights into the design of the application. 

The “reflection” process (Zimmerman et al., 2007) on the feedback collected resulted in 

“Design 3” (see Appendix 6), the final design of the application, containing the following 

features: 

1. A map indicating the closest toilet location.  

2. Users’ progress as charts, the possibility to set up a goal, and provide feedback.  

3. Fluid intake, PFM exercise reminders, and nudges to engage with the application.  

4. Distraction techniques that would help users control the urge to urinate such as 

games and quick PFM contractions. 

5. A bladder diary to allow users to keep track of their symptoms. 

6. A treatment description. 

 
13 Notifications Overview, https://developer.android.com/guide/topics/ui/notifiers/notifications 
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7. A toilet pass to help users gain free toilet access in unknown locations. 

8. Environmental and location sensor and interaction data collection to understand 

how users interact with the application in real life. 

The application was later evaluated during a long field study of six weeks with people 

suffering from Overactive Bladder. The background data collection was kept to collect 

further data on how people interact and use the application (see Chapter 6, Section 6.6, 

page 146 for details). This again reflects the novel approach of building the evaluation of 

the OAB application into the application itself. 

3.3 Long Field Evaluation 

Wilde et al. (Wilde et al., 2014) show the importance of promoting OAB self-managed 

treatment as this can help increase patient’s awareness of symptoms, by empowering 

them to monitor the effect of their behavioural changes and helping them better cope with 

the condition. Continuing with the iterations stage (Zimmerman et al., 2007) and to 

answer RQ3, RQ4 (Chapter 1, Section 1.1, page 2), the purpose of the six weeks field 

study (Warner and Greenwell, 2018) was to confirm the hypothesis arising from the short 

field study that the application, implementing the principles of self-managed treatment 

(Wilde et al., 2014), has the potential to increase adherence to OAB self-managed 

treatment and raise awareness of symptoms. This could be achieved by providing 

reminders, distraction techniques from going to the toilet when there is an urge to urinate, 

and by allowing users to keep track of their symptoms, visualize their progress, and set 

goals. Similar to Hakobyan et al. (Hakobyan et al., 2016), participants taking part in this 

study were encouraged to use the application in a manner as realistic as possible. 

Participants were asked to complete several questionnaires throughout the study, to 

engage with the distraction techniques, and to complete bladder diaries (see Chapter 7, 

Section 7.2).  

Before commencing the field evaluation, several design decisions, arising from the 

feedback received during the short field study, needed to be implemented (see Appendix 

6). Additionally, the application needed to be updated to be suitable for a six weeks field 

study, available for free download, and compatible with the General Data Protection 

Regulation14. Given the regulations adopted by the European Commission (“General Data 

Protection Regulation,” 2018), the Settings Menu needed to include how the application 

complies with the privacy policies adopted (see Chapter 7, Section 7.3 for detail).  

 
14 GDPR Principles, https://ico.org.uk/for-organisations/guide-to-data-protection/guide-to-the-general-data-protection-regulation-
gdpr/principles/ 
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Other mobile health applications available on the market also informed the design 

changes such as onboarding and information button layout: 

Onboarding15 - Onboarding (described in Chapter 7, Section 7.3.1, page 154, as 

introduction slides) is the process of introducing the users to the application’s features 

when they launch the application for the first time. Paay et al. (Paay et al., 2014) provided 

first-time users with a guided walkthrough of the application. Commercially available 

applications such as Ada and Headspace16 are also designed to present onboarding 

information at startup and a tour of its features. Headspace is a mediation application that 

aims to “make meditation available to everyone” and offers guided meditation sessions.  

Information Button – The interface utilized in Squeezy17, the NHS Pelvic Floor Muscle 

application (previously described in Chapter 2, Section 2.2.2), influenced the information 

button introduced on all of the screens (see Chapter 7, Section 7.3 for more details). 

Most participants taking part in this study stated that the application made them more 

aware of their symptoms and helped them adhere to their bladder retraining regime (see 

Chapter 7, Section 7.7 for all the details regarding the findings). The data collected from 

all the above studies produced knowledge and recommendations that can be made for the 

design of mobile health applications for sensitive conditions, later presented in Chapter 

7, Section 7.6, and Chapter 8, Section 8.3. This represents a “reflection”, the last stage in 

the design process proposed by Zimmerman et al. (Zimmerman et al., 2007) in the attempt 

to “make the right thing”, an OAB mobile phone application that is useful and effective.  

3.4 Conclusion 

This chapter presented the UCD and Participatory Design methods used in this thesis to 

answer the research questions and objectives outlined in Chapter 1, Section 1.1, pages 1 

and 2. The research conducted in this thesis began with a detailed literature review 

(Chapter 2), followed by a requirements gathering process (Chapter 4). This represented 

the “grounding” stage of the design process proposed by Zimmerman et al. (Zimmerman 

et al., 2007), an “investigation to gain multiple perspectives on a problem”. The work 

conducted in this thesis continued with a prototype development, “ideation” stage, 

following the data collected during the “grounding” stage. As part of an iterative design 

process, three design “iterations” were employed in this thesis. The “ideation” stage led 

to the first design iteration that was later evaluated in Chapter 5. As a result of the work 

 
15 Introduce first-time users to your app, https://developer.android.com/training/tv/playback/onboarding 
16 Headspace, https://www.headspace.com/ 
17 Squeezy, https://www.squeezyapp.com/ 

https://www.headspace.com/
https://www.squeezyapp.com/
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conducted and a “reflection” on the data collected, the application was refined which led 

to the second design iteration. This was later evaluated during a short field study of nine 

days (Chapter 6). The feedback collected during this evaluation together with a 

“reflection” process led to the third design iteration which was evaluated during a long-

term field study of six weeks (Chapter 7).  

Following a Research through Design approach, each chapter presented in this thesis is 

composed of routine design practices and research exploration. The routine research (e.g., 

literature review, interviews) aimed to gather design requirements and evaluate the 

prototypes developed, by placing the artifact center stage. Integrating the findings and 

highlighting how these can be taken forward represents a contribution to knowledge and 

an innovative research exploration, in support of the Research through Design process. 

These are outlined in Chapter 7, Section 7.6, and Chapter 8, Section 8.3. 

Novel approaches were also introduced in this research process. For example, it describes 

the active participation of people suffering from Overactive Bladder symptoms during 

the requirements gathering co-design interviews that utilized an adapted procedure of 

Uzor et al. (Uzor et al., 2012). Section 3.1.1 describes the novel use of an Emotion Wheel 

(Baillie et al., 2011) to capture participants’ emotions with respect to different stages of 

the co-design interviews. This aimed to determine whether the format and the content of 

the co-design interviews can cause emotional distress in the participants. Additionally, 

the same Emotion Wheel was used during interviews aiming to evaluate the usability of 

the application. This research is not aware of any previous work that investigated the 

emotional impact of the method chosen (e.g., interviews) on people suffering from a 

sensitive condition during a requirements gathering and evaluation process. 

Moreover, during the field studies, the application collected interaction, environmental, 

and location data as a way of investigating how users interact with the application in real 

life and also understanding their views regarding the application. This is a novel approach 

of using multiple measuring instruments embedded in an OAB application and build the 

evaluation of the application into the application itself. 
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Chapter 4. Requirements Gathering 

and Early Design 
After conducting the literature review described in Chapter 2, it was noticeable that 

mobile phone applications, implementing the principles of OAB self-managed treatment 

(Wilde et al., 2014), could increase adherence to OAB self-managed treatment and raise 

awareness of symptoms. More specifically, as outlined in Chapter 2, Section 2.4, 

distraction techniques such as games could help people control their urge to urinate. 

Visualizing progress, providing feedback, and allowing users to set up goals could 

motivate people to continue with their self-managed treatment, and bladder diaries could 

help people track their symptoms. Reminders can also help people adhere to self-managed 

treatment, whilst a map indicating the closest toilet location could help people avoid 

embarrassing incidents. Additionally, the application could contain disguise options in 

case some users would consider it an embarrassing application. From the literature 

review, it was also clear that personalization plays an important role in the user experience 

and that this might be achieved by using machine learning algorithms.   

As a routine activity in support of the Research through Design process, this chapter starts 

by presenting the two stages of the requirements gathering process that were conducted 

with healthcare professionals and potential end-users, to address the two main problems 

identified in this thesis, to answer RQ1, RQ2, RQ4 and Objectives 2-4 (Chapter 1, Section 

1.1, page 1). Interviews with healthcare professionals were conducted first, followed by 

co-design interviews with end-users. The purpose of these interviews was to discuss and 

confirm the main application functions and features derived from the literature review 

and to understand what additional features would be suitable for people suffering from 

OAB symptoms. The chapter then presents the findings from the interviews and their 

contribution to knowledge, e.g., how the findings can be integrated and taken forward 

(innovative research exploration in support of the Research through Design process).  

4.1 Healthcare Professionals Interviews 

Interviews were conducted with four OAB healthcare professionals - two medical 

consultants (MC1 and MC2) and two urinary continence specialist nurses (N1 and N2). 

This represented a routine activity in support of the Research through Design process. 

One of the major barriers in recruiting healthcare professionals is their limited availability 

due to a very busy schedule (McRobert et al., 2018). The same issue was encountered 
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during this recruitment process although an OAB expert (who also acted as an advisor 

guiding the work in this thesis), was involved in the recruitment through their contacts. 

The healthcare professionals’ details were forwarded and emails were exchanged before 

the interviews. Only 2/3 consultants and 2/5 nurses accepted the interview invitation. 

Each interview lasted for one hour and was divided into three phases (Appendix 1.1). The 

first part investigated how patients manage the condition and what problems they face 

when seeking medical care. The second part focused on the treatment and diagnosis whilst 

the third part on a discussion about the application concepts derived from literature. This 

was important to understand how to design the application so that it complies with OAB 

guidelines and protocols, and it addresses the main barriers that people face during their 

bladder training regime. 

4.1.1 Data Collection and Analysis 

Most interviews (3/4) were conducted via telephone and notes were taken down. One 

interview was conducted face-to-face and recorded. The record and all notes respected 

the confidentiality of the interviewees. Answers were analyzed using an adapted version 

of the Constant Comparative Method (Baillie, 2002), originally part of Grounded Theory 

(Glaser and Strauss, 1967). This method was used to avoid exclusions on thematic 

grounds and the most common themes relevant to the questions asked were determined. 

4.1.2 Findings 

OAB Issues and Current Approaches 

To understand which aspects should the application focus on, it was important to identify 

the problems that patients face in the UK and how they deal with the condition and to try 

to address them in the application. It was also essential to discover potential OAB issues 

and to determine which parts of the treatment patients commonly found problematic, as 

these could stand as a motivation for the application’s features. 

Embarrassment, lack of motivation, depression, and the misconception of OAB being an 

age-related condition are common issues that people suffering from OAB symptoms face, 

and that delay their decision to access treatment (Jamshidi et al., 2011). This tendency to 

not seek medical help was also confirmed by the four healthcare professionals. Another 

factor would be the lack of interest as people “develop their coping mechanism – one 

reason for not presenting to GPs is because they cope with the problem. They present 

when they are not coping or don’t want to cope with it.” (MC2).  
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All four healthcare professionals confirmed that patients have their strategies for public 

spaces (e.g., toilet mapping: “They know all the toilets in Glasgow.” (N2)). The 

interviews also confirm the finding that people suffering from OAB change their daily 

routine to avoid embarrassing incidents (Jamshidi et al., 2011), such as reducing the daily 

quantity of liquids, sometimes leading even to dehydration.  

As embarrassment is a common issue surrounding the OAB condition, information was 

also collected that could help facilitate the recruitment process, e.g., if patients are active 

on the Cystitis and Overactive Bladder Foundation UK website18 and if this is a suitable 

channel for recruitment. Healthcare professionals were also asked for recommendations 

regarding what methods of gathering design requirements would be appropriate with end-

users suffering from a sensitive health condition. It was suggested to not conduct 

workshops, focus groups, or interviews with mixed-gender participants: “They all have 

one thing in common, but we are still speaking about something personal. Don’t have 

men and women together because it is an embarrassing condition and they will not open 

up. Even if they do, they might not provide real information.” (MC2), “Some women 

cannot open up in front of a male GP and are searching only for female GPs. Even though 

there are special pads for men, they refuse to wear them as it is embarrassing and 

associate with the idea that pads are for women.” (N2). 

Regarding treatment, the interviewees confirmed that guidelines and protocols are being 

used for diagnosing and managing the condition, with the NICE guideline (Warner and 

Greenwell, 2018) being the most used one. Bladder Diaries and questionnaires are the 

most used diagnosing method in primary care. Since “each patient comes with his own 

story” (N2), the treatment is set based on every individual’s needs. Each step of the 

treatment is personalized, from the time slot between voids up to the treatment length.  

Regarding adherence, healthcare professionals think that patients mostly want an easy 

path with a quick outcome and would accept taking drugs to achieve that. This is similar 

to the findings of Rajabiyazdi et al. (Rajabiyazdi et al., 2017) who show that clinicians 

think that patients expect easy treatments. Patients fail to distract themselves whenever 

they have an urge or adjust their fluid intake due to a lack of motivation and the challenges 

behavioral changes imply. In addition to those, job-related issues (mostly related to toilet 

breaks) seem to be another barrier for patients. Additionally, patients fail to complete 

Bladder Diaries: “They forget or don’t bother to do it.” (MC1), “How good they are filled 

 
18 Cystitis and Overactive Bladder Foundation, http://www.cobfoundation.org/ 

http://www.cobfoundation.org/
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in is a good indicator of how well will they comply with the treatment. They mostly do it 

when they are at home (the three days one) and have nothing to think about.” (MC2). 

Mobile Phone Application Features 

As they were OAB experts, interviewees were asked what a bladder training application 

should contain before being presented with the proposed functionalities. Similar to what 

has already been suggested in other rehabilitation applications (e.g., stroke (Micallef et 

al., 2016)), two healthcare professionals suggested providing an outline of the bladder 

training. It has also been suggested that the application should contain a bladder diary, 

fluid intake and PFM exercises reminders, and brain distractions.  

Regarding the mapping functionality (e.g., locating the nearest toilet locations), 

interviewees showed contradictory views. Whilst both medical consultants agreed with 

the feature, the nurses provided a mixed response: “It (the toilet map) should be used as 

a backup plan and not ease their access to toilets. Going to the toilet just in case needs 

to be avoided.” (N2). 

Adherence is a key topic for the success of bladder retraining treatment. Therefore, it was 

important to understand what stops people from adhering to their treatment (Jamshidi et 

al., 2011), and address the second problem identified in this thesis (Chapter 1, page 1). 

Behavioral changes that are difficult to implement (Consolvo et al., 2009; Riley et al., 

2011), anxiety, the fear of leakages, a busy lifestyle, or the “Frustration that it doesn’t 

work fast or at all.” (MC1) are some of the reasons why people fail to adhere to treatment. 

One way of overcoming these issues is by increasing motivation: “They need to increase 

their motivation – nurses should support them.” (N1), “Trying to motivate them: “You 

are not alone in this world, but you have to treat yourself.”.” (N2). All interviewees 

agreed that displaying progress and providing feedback is a useful method of increasing 

adherence. Mixed opinions were provided regarding the progress representation in terms 

of graphics (e.g., charts, tables, or graphs), time (e.g., daily, weekly, or monthly), and data 

displayed (e.g., number of voids, bladder capacity). According to interviewees, the 

progress can be tracked by administrating quality of life questionnaires or by repeating 

Bladder Diaries over certain periods: “It should be a repetitive process. They can do a 

bladder diary at the beginning and one at the end and then compare the results.” (N2). 

Providing rewards based on the user’s progress could be another useful method for 

increasing adherence. Moreover, all interviewees emphasized the idea of positive 

reinforcement: “Nurses also praise the patients. Even if they have only slight progress, 

they encourage them to keep going.” (N2).  
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Although distraction is an important part of treatment, the interviewees were not aware 

of the specific distraction techniques their patients use: “Depends on the patient and what 

they are doing at that moment. There is no significant distraction. The goal is not to go 

to the bathroom, regardless of whether they are watching TV, or they are at work.” (N2). 

Therefore, it could be that distraction methods are individual, leading to the concept of 

self-management proposed by Wilde et al. (Wilde et al., 2014). Games, crosswords, or 

counting down were recommended as possible distraction techniques, without neglecting 

the fact that patients’ job may affect what distractions they can use: “some might not be 

allowed to play games at work.” (N2) and some patients “work at checkouts, in call 

centres or are teachers - some have to ask for permission to go to the toilet.” (N1G). 

Additionally, as specified in the literature (European Association of Urology, 2013), both 

nurses confirmed that the PFM contractions are indicated when the patient feels the urge 

to urinate: “Can be also used as the main distraction, to calm them down and avoid going 

to the bathroom.” (N1). 

Previous research (Kumar et al., 2013) suggests adapting a mobile health application to 

the user’s routine and the context (e.g., at home vs at work) in which the application is 

being used. Therefore, it was also thought that the application could send reminders to 

users about when it is an appropriate time to train their bladder and go to the bathroom 

based on their location (pick up whether they are at home, work, on the move, and 

unknown places based on a possible machine learning algorithm). When being asked 

whether they agree with this functionality, one consultant agreed whilst the other one 

mentioned it should be optional: “Ask the patients. Do you want to set these reminders? 

“Remind me to go to the bathroom before I leave work, before I go to bed.”.” (MC2). 

However, the nurses were completely against it, even as an option: “For bladder training, 

patients should forget about going to the bathroom and try to go as less as possible. It is 

not encouraged to ‘go just in case’.” (N1), “It is ok only for those having memory 

impairments and can’t remember going to the bathroom. Going just in case is not desired. 

It is fine monitoring when they are going to the bathroom but don’t give indications on 

when to go.” (N2). 

All interviewees agreed with the idea of disguising the application by using gestures as a 

slight phone interaction, subtle reminders, and a discreet main icon.  

The treatment procedure can be improved by “Having the tools to support the patients 

with the process. Electronic formats are becoming important.” (MC2) or by finding ways 

to motivate patients. All four healthcare professionals saw value in developing a mobile 
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phone application for bladder training. Whilst one medical consultant focused more on 

the functionalities (visualizing progress and replacing the paper-based bladder diary with 

an electronic version), both nurses emphasized the fact that only younger adults would 

use the application. Although also men suffer from OAB symptoms, all four healthcare 

professionals believed that mainly women would use the application.  

4.2 End-Users Design Interviews 

As described in Chapter 3, Section 3.1, page 40, co-design interviews were carried out to 

actively involve end-users in the requirements gathering phase. This represented a routine 

activity in support of the Research through Design process. The objective of the 

interviews was to understand whether the functions derived from recommendations in the 

literature review (see Chapter 2, Section 2.4) can support people suffering from OAB 

symptoms. Additionally, it was aimed to understand whether any part of the methodology 

would cause any emotional discomfort in the participants (Chapter 1, Objective 4, page 

2), as suggested by the healthcare professionals (page 59).  

4.2.1 Participants and Recruitment 

Various forms of recruiting participants were attempted. Invitations were posted on OAB 

specialized websites (e.g., Cystitis and Overactive Bladder Foundation), on general 

websites (e.g., Gumtree), or via email to Glasgow Caledonian University, UK (GCU) 

staff and newsletter to Heriot-Watt University, UK (HW) staff. In parallel, Behavioural 

Intervention Group (BIG) sessions in Glasgow, UK were attended to gain a deeper 

understanding of the condition and to recruit participants for the design interviews. The 

BIG session is an educational intervention; its purpose is to give patients a better 

understanding of how the body works, to describe symptoms and reasons why they may 

occur. Additionally, it also provides information about the basic changes patients can 

make to improve their bladder health. During the period August – September 2016, six 

sessions were attended. Several participants showed interest in taking part in the 

interview, however, from a total of 33 participants, only one person contacted the 

researcher back and took part in the study. Similar to previous research findings (Lane et 

al., 2015, O’Kane et al., 2015), challenges were faced during the recruitment process. 

Despite the effort, only ten participants were recruited - two from GCU, three from HW, 

four were recruited through personal contacts, and one from BIG Sessions. 



 

63 

In total nine interviews were conducted (P08 and P09 were interviewed together), 

consisting of nine users with OAB symptoms and a family member of a user with OAB 

symptoms (Table 4.1). Only one interview was conducted remotely. The face-to-face 

interviews were recorded and for all interviews, notes were taken down. All notes and 

recordings respected the confidentiality of the interviewees. Participants were selected 

based on the following criteria: 

• Above 18 years old. 

• Having wet or dry OAB symptoms. 

• Ability to understand and follow simple instructions in English. 

Participant Gender Interview Type Participant Type 

P01, P02 Male Single Interview End-User 

P03-P07 Female Single Interview End-User 

P08, P09 Female Paired Interview End-User 

FM01 Male Single Interview Family Member 

Table 4.1: Participants taking part in the design interviews. 

4.2.2 Interview Method  

Each interview lasted for two hours and was divided into three phases (Appendix 1.4). 

As previously mentioned (Chapter 3, Section 3.1.1, page 44), before and after the 

interview and after each phase, participants were presented with an Emotion Wheel that 

aimed to capture whether any parts of the interview affected the participants’ emotions.  

The Emotion Wheel is a 0° – 360° cyclic ordinal scale and is composed of four quadrants. 

It contains 24 emotion words arranged around its circumference and split over the four 

quadrants. The emotions in each quadrant are related to one another. The first quadrant 

refers to pleasure/high arousal emotions (excitement), followed by the second one 

containing displeasure/high arousal emotions (distress). Opposite to the first quadrant, the 

third one contains displeasure/low arousal emotions (depression), with the last quadrant 

referring to pleasure/low arousal emotions (relaxation). For each wheel, participants were 

asked to provide a primary and secondary emotion with each emotion being grouped into 

its corresponding quadrant, as suggested by Baillie et al. (Baillie et al., 2011). Comparisons 

were made between the quadrants to understand if any emotional response was caused 

significantly more often than another at different stages during the interview (Baillie et 



 

64 

al., 2011). The other data collected was analyzed in the same way as the one collected 

from the healthcare professionals interviews (CCM).  

Table 4.2 presents the co-design interviews structure.  

Phase Description Material for Participants 

Phase 1 - 

Introduction 

Reminder about the interview. 

Safety Issues and Toilet Location. 
• Information Sheet 

• Consent Form 

• Demographic 

Questionnaire 

• Emotion Wheel  

Phase 2 – 

Treatment and 

Experiences 

Discussion about the treatment – 

optional to base answers on 

Personas. 

• Personas 

• Emotion Wheel  

Phase 3 –

Screenshots 

Scenarios were presented. 

Functionalities were presented in 

the following order: 

1. Map 

2. Progress and Feedback 

3. Reminders 

4. Distraction 

5. Disguise 

6. Bladder Diaries 

• Scenarios 

• Screenshots 

• Emotion Wheel  

Phase 4 - 

Sketches 

Participants drew and discussed 

their version of the functionalities 

presented in Phase 3 or suggested 

completely new ones. Scenarios 

remained available. 

• Paper and pencil 

• Emotion Wheel  

• Voucher 

Table 4.2: Co-design interviews structure. 

Phase 1 Introduction 

The introduction phase consisted of an information sheet and a consent form (Appendix 

1.2) and a demographic questionnaire (Appendix 1.3). For two participants the documents 

were sent before the interview whilst others filled them in at the beginning of the 

interview. The purpose of the questionnaire was to collect demographic information about 

the participants, their smartphone familiarity, and usage using 5-point Likert scales and 

open-ended questions. The questionnaire also addressed participants’ living conditions to 

understand if these can refer to any privacy concerns (e.g., inside attacks – protecting 

one's privacy from relatives living in the same home (Micallef et al., 2015)) and the desire 

to disguise the application. It was also important to understand the participants’ working 

environment and a possible connection with the distraction feature (based on job type and 

toilet break policy, as suggested by the healthcare professionals, page 61). The level of 

familiarity with smartphones was also important to understand and determine whether it 
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has an impact on how participants perceive the application’s features. Since games were 

investigated as a potential distraction technique, it was important to investigate the level 

of gaming knowledge participants have.  

Additionally, using the Emotion Wheel, it collected the baseline of the participants’ 

emotions before they discuss their condition (Baillie et al., 2011) and their opinion about 

taking part in interviews where people of the opposite gender are present. Right before 

proceeding to Phase 2, participants were asked to fill in the first Emotion Wheel, asking 

them how they feel before starting the interview. 

Phase 2 Treatment and Experiences 

The objective of this phase was to gain a deep understanding of the treatment, its current 

state, and how people cope with the condition. Since the interview targeted a sensitive 

health condition and people might not feel comfortable discussing private issues, they had 

the option to base their answers on Personas (Uzor et al. 2012). Age, gender, family 

status, employment status, and OAB symptoms (dry or wet OAB) were the main 

characteristics of each Persona (see Appendix 1.4), as explained below: 

Age – OAB mostly affects the older population but it is also encountered in the working 

adult population (Abrams et al., 2017). Both adult women and men actively working were 

considered to have less than 65 years old and the retired ones, above 6519. 

Gender – Both female and male Personas were introduced as OAB is encountered in both 

genders (Abrams et al., 2017) and coping strategies might be gender-specific. 

Family Status - Having a family is a criterion that needed to be taken into consideration, 

due to privacy issues (e.g., inside attacks (Micallef et al., 2015)). Since OAB is considered 

an embarrassing application, users might want an extra layer of protection to hide the 

application from their family members.  

Employment Status - The job description for each Person was chosen based on details 

received during the interviews with healthcare professionals (page 61). As discovered 

during the interviews, the nature of the job is important. For example, people working as 

call centre operators face many challenges during their working hours as they are allowed 

to take only short breaks (1-3 minutes). Additionally, users might also wish to apply 

different methods of disguise when at work.   

 
19 State Pension UK, https://bit.ly/3sN2tjr 
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Based on the functionalities derived from the literature review (Chapter 2, Section 2.4) 

and in relation to the Personas defined above, the scenarios reflected various 

circumstances in which the application can be used (see Appendix 4.1). Even though 

people also encounter symptoms during the night, it is the day that is a challenging period 

as that is when people perform all their activities. The scenarios were designed as possible 

events occurring throughout the day and not limited to a specific time interval.  

The phase was guided by a discussion script based on Personas or without Personas 

involved (see Appendix 1.4). The script was also adjusted to the three participant cases 

that were identified: 

• Participants who have never followed a bladder training treatment and are not 

familiar with it. 

• Participants who have followed a bladder training treatment in the past and still 

have OAB symptoms. 

• Participants currently following a bladder training treatment. 

At the end of the phase, each participant was asked to fill out an Emotion Wheel and to 

indicate how comfortable was it for them to discuss their experiences. 

Phase 3 Screenshots 

Participants were presented with paper-based screenshots of potential functionalities (the 

same concepts derived from the literature review and discussed with the healthcare 

professionals) and scenarios describing how they can be used in different contexts (see 

Appendix 4.1). Various representations, both similar and opposite, were shown to 

generate discussion and not to influence participants’ ideas. Scenarios have been chosen 

for this stage as providing examples of usage might help participants generate design 

ideas. Questions regarding the screenshots were asked based on a script. At the end of the 

phase, each participant was asked to fill out an Emotion Wheel and to specify how 

comfortable was it to comment on the screenshots.  

Phase 4 Sketches 

Participants were asked to design their version of the functionalities presented in Phase 3 

or suggest new ones. The actual process of drawing was optional as some participants 

were not confident with their drawing skills; providing ideas and a rationale for them 

orally was considered valid. At the end, participants were asked how comfortable was it 

to provide these sketches and to fill in an Emotion Wheel. Before concluding the 
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interview, participants were asked whether they would recommend this type of interview 

to other people and to fill in a final Emotion Wheel regarding the entire interview.  

4.2.3 Findings 

Phase 1 Introduction 

Participants’ age range was 23-80 years old, mean age 48. Half (5/10) completed a higher 

education level, followed by secondary school (3/10) and intermediate education (2/10). 

Only two participants lived alone whilst the remaining eight shared accommodation with 

family (spouse/partner and/or children) or friends. Only two participants had a strict toilet 

break policy at their workplace. Most participants (9/10) owned a smartphone at the time 

of the interview and were confident in using such a device.  

As a baseline for participants’ emotions, the second and the fourth quadrants were the 

dominating ones for the primary emotions (e.g., Calm, Frustrated). The fourth quadrant 

was the dominant one for the secondary emotions (five emotions), followed by the second 

quadrant with three emotions (Fig. 4.1).   

 

Fig. 4.1: The baseline of emotions provided by participants. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 
appeared as a secondary emotion. 

When asked how they would feel when discussing aspects related to the condition in front 

of a participant of the opposite gender, most participants provided both primary 

(Embarrassed, Alarmed, Annoyed) and secondary emotion (Frustrated, Embarrassed, 

Annoyed) in the second quadrant (Fig. 4.2).  
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Fig. 4.2: Emotions provided by participants when asked about discussing the condition in front of 

the opposite gender. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

Mixed responses were provided when participants were asked how they would feel 

discussing aspects related to the condition in front of a facilitator of the opposite gender. 

Strong negative emotions such as Embarrassed, Afraid were the predominant primary 

emotions, followed by low positive emotions such as Calm. The fourth quadrant, 

containing positive emotions was the dominant one for the secondary emotions, followed 

by the second quadrant (Fig. 4.3). 

 

Fig. 4.3: Emotions provided by participants when asked about discussing the condition in front of 

an interview facilitator. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 
appeared as a secondary emotion. 

Having present a note-taker of the opposite gender also generated mixed feedback. For 

the primary emotion, participants provided opposite emotions in the high arousal negative 
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emotions quadrant and the low arousal positive emotions quadrant. The low arousal 

positive emotions quadrant was the dominant one for the secondary emotion (Fig. 4.4). 

 

Fig. 4.4: Emotions provided by participants when asked about discussing the condition in front of 

an interview note-taker. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

The fourth quadrant was the dominant one for both the primary and secondary emotions 

at the beginning of the interview (Fig. 4.5). As a primary emotion, Calm was the most 

mentioned one (three times), followed by Relaxed (six times) as a secondary emotion. 

Embarrassed is the only negative emotion mentioned once. It can be concluded that 

participants were having positive feelings at the beginning of the interview. 

 

Fig. 4.5: Emotions provided by participants at the beginning of the interview. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 
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Phase 2 Treatment and Experiences 

Due to lack of time, one participant (P03) did not take part in this phase and P05 did not 

complete the Emotion Wheel provided at the end of the phase. P01 and P02 collaborated 

during this phase after which P01 wished to postpone the remaining phases. None of the 

participants wished to base their answers on Personas, indicating they are not embarrassed 

to talk about their condition in front of an interviewer of the same or opposite gender.  

Confirming what the four healthcare professionals previously mentioned (page 58), a 

tendency to delay medical help was commented on by the participants. This tendency was 

caused by embarrassment: “Difficult, embarrassing, awkward to talk about it” (FM01), 

or feelings of lack of importance: “I have other things to discuss with my GP. It is not the 

most important as I think it's not that bad for me. I have workarounds.” (P04). On the 

other hand, P06 complained of delayed access to treatment, and P02, who was offered 

pills, considered there was a general lack of solutions in the medical system. Although 

the literature and the interviewed healthcare professionals suggest that people tend to 

delay treatment because of their misperception of being an age-related condition, two 

participants encountered difficulties when seeking medical help due to their age: “In my 

case, they said it’s my age, old people have this problem.” (P01, age 80) and “Doctors 

were saying it's normal for my age.” (P07, age 75). 

As for coping strategies, participants tended to go to the toilet “just in case” (P06) and 

restrict their fluid intake. Although the literature suggests that women should drink 2L of 

liquids per day and men 2.5L (Colley, 2015), most participants (6/9) either reduce 

drastically their daily fluid intake: “I only drink 500 millilitres per day.” (P06 - female) 

or they carefully plan it: “I don’t drink anything before going to bed otherwise I would be 

going 2-3 times to the toilet.” (P01 - male), “When I go out, I don’t drink much so that I 

would avoid the need to urinate.” (P08 - female). Participants also tend to distract 

themselves from the urge to urinate by concentration on work (3/10), reading (2/10), or 

listening to music (1/10). Doing multiplications, playing games, and focusing on 

animated objects are other distraction techniques mentioned by the participants.  

Only three participants ever completed a Bladder Diary, with two saying they had 

problems in filling it in completely due to a busy lifestyle, forgetfulness and because “it’s 

so unpractical on paper.” (P06). As also highlighted by the healthcare professionals (page 

61), the biggest challenge 6/7 working participants faced was regarding the toilet break. 

As students, they faced issues in leaving during lectures or laboratory work (P01 and 
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P02). As office-based employees, they mostly complained about having to leave meetings 

(P04 and P05) or crowded shared bathrooms (P06). 

 

Fig. 4.6: Emotions provided by participants at the end of Phase 2. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

As shown in Fig. 4.6, participants felt mostly calm and satisfied after discussing their 

personal experiences with the condition. The fourth quadrant was the dominant one for 

both the primary and secondary emotions, indicating that this phase of the interview had 

a positive impact on the participants.  

Phase 3 and 4 - Screenshots and Sketches 

Machine Learning 

To help people train their bladder and adjust to a voiding schedule, it was thought that the 

application could send reminders to users about when it is an appropriate time to train 

their bladder and go to the bathroom based on their location (at home, work, on the move 

and unknown places (Micallef et al., 2015)). Whilst the two medical consultants 

suggested this functionality should be optional, both nurses strongly disagreed with it 

(page 61). However, all end-users agreed with it and would like to receive a reminder 

when it is appropriate to train their bladder (e.g., do PFM exercises) based on their 

location: “Maybe not on the bus because it’s impractical but in your office or private 

space, café, intimate space, home, friends’ house. Maybe have predefined locations.” 

(FM01). This is because “people forget” (P02) to train. End-users also agreed that the 

functionality should be adjusted to the context such as sending the reminder “at the right 

time” (P06) or adapting to different situations: “When I am in the car I don’t have phone 

access. It should also have a snooze button for when I am in a meeting.” (P04). 
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Map 

All participants agreed on having the functionality, iterating that it “would be worth 

£1000. That would be more than helpful. It would be indispensable in an area that is 

completely unfamiliar to me.” (P01). As regards to how they cope with the toilet issues, 

participants tend to avoid unknown places (2/10) or plan toilet breaks using the Google 

Maps functionality (1/10): “I tend to go to the least crowded places as it’s less 

embarrassing and I don’t have to interact with people.” (P02). Whenever in need of a 

toilet, they tend to go to restaurants and bars (4/10), followed by coffee shops (3/10) and 

public toilets (2/10).  

Regarding the map design, the layout offered by Google Maps was preferred by most 

participants (7/10). Regarding the level of details that should be on the map, the keywords 

emerging were simplicity: “Keep it as simple as possible.” (FM01) and discreet. 

Moreover, the map should contain “an option to select between walking and driving. The 

walking route is different than the driving one.” (P04). 

Progress and Feedback 

All participants agreed with this functionality, especially because “it would stimulate me” 

(P02), “it motivates you to do the exercises” (P09), and would help “to improve my 

condition especially in those instances when I need to go out long term and I don’t have 

direct access to a toilet.” (P08). 

 

 

 

 

 

 

 

Fig. 4.7: Figures depicting various progress representations. 

Regarding their bladder retraining regime, participants’ main goals focused on reducing 

the number of daily voids (5/10) and the number of leakages (3/10). Another goal would 

be a proper fluid intake and exercise regime (FM01) or “go at full bladder only” (P02). 

Approximately half stated they would like to know the daily progress (6/10), followed by 
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weekly progress (5/10). Moreover, they wish the progress representation to differentiate 

between the working days and weekends (P04) and include the night period (P02). 

Depicting the progress as a bar chart (Fig. 4.7 left) was preferred by 5/10 participants, 

followed by Fig. 4.7 right (Uzor and Baillie, 2018) showing progress using icons (4/10). 

Similar to that, both P04 (Fig. 4.8 left) and P05 (Fig. 4.8 right) drew graphical 

representations, with P04 suggesting having “a representation of both the number of voids 

and leakages. If I have 0 leakages, then don’t show me”. According to P04, a sad or a 

happy icon should also be displayed based on the number of voids and/or leakages 

occurring in a day. Although P04 stated that “I like the colors and the smiley faces”, P01 

considers that Fig. 4.8 right “is not appropriate as it is not a smiling or laughing matter.”. 

Providing a positive statement was agreed upon by three participants, with P02 stating 

that “rating someone in a positive way would make that person more confident.” 

 

Fig. 4.8: Progress representation drawn by participants. 

Reminders 

All participants (10/10) agreed with receiving PFM exercises reminders and most 

participants (8/10) would also like to have a fluid intake reminder. As a modality to send 

these reminders, the vibration was chosen by all participants, followed by sound (four 

times) and silent (three times). The vibration modality was desired due to privacy 

concerns as both P01 and P02 suggested disguising the reminders: “Consider the fact that 

you are home and you have a visitor.” (P01). Regarding the icon of the reminder, mixed 

feedback was provided as the OAB related icons were chosen by most participants – Fig. 

4.9 middle (4/10) and Fig. 4.9 right (4/10) were the preferred ones, whilst Fig. 4.9 left 

was chosen by only two participants. 
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Fig. 4.9: Icons for the Pelvic Floor Muscle Exercises Reminder. 

Distraction 

Most participants (7/10) would like to have a game as a distraction technique. The simple 

games were preferred by two participants, whilst five would like complex games that 

“take a lot of time” (FM01), are “easy to manipulate but complex in the background” 

(P01), “difficult to do, addictive” (P02), that “make your brain work hard” (P04) such as 

“Mind puzzle, hidden objects game” (P05). If playing a game is not convenient during 

working hours, focusing on the actual job tasks is a distraction technique mentioned by 

three participants, followed by naming objects or family relatives and countdowns. In 

preparation for the machine learning algorithm, end-users were asked where they would 

play games to distract themselves. The locations chosen were home (5/10), office (2/10), 

and whilst commuting (1/10). Additionally, when surrounded by people - “where there’s 

a lot of people” (FM01), “out with friends” (P03), “in waiting areas, in queues” (P05), 

when being alone, or “Where there is no possibility to go to the toilet.” (P01).  

Disguise 

Based on the literature review findings (see Chapter 2, Section 2.4 for more details), it 

was hypothesized that people might consider the application an embarrassing one, 

wishing to disguise or hide it from other people. Therefore, the idea of implementing 

additional privacy/security features and potentially disguising the icon of the application 

was discussed during the interviews. Participants' views varied from “I would most 

probably delete the application if someone would take my phone and find it there.” (P02) 

to “It’s not embarrassing for me.” (P05). 

 

 

 

Fig. 4.10: The icons for the application that were discussed with participants. 

Various icons were presented, some that aimed not to draw attention (Fig. 4.10 left) and 

some OAB related (Fig. 4.10 right). Although participants would wish to disguise the 
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application’s main icon, no major preference was noticed as half would prefer Fig. 4.10 left 

and the other half Fig. 4.10 right.  

An extra layer of protection was desired by 6/10 participants, of whom two would like to 

have a password and one quick lock. According to Micallef et al. (Micallef et al., 2015), 

insider attacks (an attack committed by a person with unrestricted access to a system or a 

person’s belongings, e.g. phone) are a major concern for people. In line with this, amongst 

the six participants wishing an extra layer of protection, five lived in shared 

accommodation (e.g., student accommodation, with partner and/or children). Participants 

would also consider having a private gesture to easily access the application. Various 

gestures were indicated such as one-tap (three times), double-tap (two times), triple tap, 

hold and press, slide, press, and drag, rotate, and fingerprint (one time).  

Bladder Diary  

Regarding the diary layout, participants agreed with most of the figures presented (see 

Appendix 1.4 for all figures presented). Participants agreed with both representations for 

the fluid intake (Fig. 4.11), with P04 commenting that “Maybe screenshot 2 [the mug] 

can be replaced with a glass.” 

 

 

 

 

Fig. 4.11: Representations for the fluid intake screen: cup (left) and drop-down menus (right). 

Participants also agreed with the screenshots for inputting voids data (Fig. 4.12). For the 

urine quantity representation, participants would like the amount to be represented on a 

scale such as drops, measured in seconds, or just as a full/half-full cup representation. 

Fig. 4.12 right was the preferred representation and some participants commented that it 

should include a scale: “Screenshot 5 [Fig. 4.12 right] might be better with a mug and it 

should show quantity.” (P03), “They are all ok, although for the urine quantity is hard to 

say – maybe have something full or half full only.” (P02), “The mug on screenshot 5 [Fig. 

4.12 right] should indicate a scale”. (P01), “They are all fine, maybe just on Screenshot 

5 to add ml.” (P07). 
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Fig. 4.12: Representations for the fluid intake screen: cup (left) and drop-down menus (right). 

With regards to the leakage data, P01 commented that “Screenshot 6 [Fig. 4.13 left] is 

good but without colours as red can be associated with blood and yellow with an 

infection.”. FM01 also appreciated the icons for the urge as “they are universal.” (Fig. 

4.13 right). 

 

 

 

 

Fig. 4.13: Various representations for the leakage data: leakage quantity (left) and urge (right). 

Regarding the night period, 4/10 participants would want the diary to be easily reachable 

(e.g., shortcut), whilst 4/10 wouldn’t fill one out during the night.  

Toilet Pass 

P06 proposed a new functionality (Fig. 4.14) as an official permit to help users gain quick 

access to a toilet in public spaces: “There could be something showing that I have OAB 

so I can be allowed to use the toilet.” The motivation behind this feature is that certain 

public spaces (e.g., hotels, shops) do not allow non-customer access to toilets.  

 

Fig. 4.14: Drawing of a new functionally proposed by one participant. 

After discussing the functionalities in Phase 3, participants again indicated positive 

feelings (Fig. 4.15), with the Very Passive - Very Positive (fourth) quadrant being again 
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the dominant one for both the primary and secondary emotions (Satisfied and Pleased 

were the most mentioned ones). Only Gloomy was mentioned once as a negative emotion. 

All participants felt comfortable commenting on the screenshots apart from P08 who “was 

a bit uncomfortable because it reminded me of the condition.”. Discussing the condition 

based on scenarios also had a positive impact on the participants: “I like discussing the 

condition based on the scenarios. I found them realistic.” (P08). 

 

Fig. 4.15: Emotions provided by participants at the end of Phase 3. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

As shown in Fig. 4.16, a mixture of emotions was provided at the end of Phase 4. The 

third quadrant was the predominant one for the primary emotions (e.g., Frustrated, 

Embarrassed), followed by the fourth quadrant (e.g., Relaxed, Calm). The fourth quadrant 

was the predominant one for the secondary emotions. This is also reflected in the 

participants’ answers. P04 stated that “I like drawing!”, and P08 “felt relieved discussing 

them.”. P06 claimed that it was “Difficult the express what I needed exactly.” and P09 

explained that “I don’t like drawing things”.  
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Fig. 4.16: Emotions provided by participants at the end of Phase 4. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

When being asked how they felt at the end of the interview, participants provided only 

positive emotions (first and fourth quadrants), with the fourth quadrant being the 

dominant one for both primary and secondary emotions (Fig. 4.17).  

 

Fig. 4.17: Emotions provided by participants at the end of the interview. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

All participants would recommend the interview to other people suffering from OAB. 

Comparing to the emotions provided at the beginning of the interview (Fig. 4.5, page 69), 

it can be concluded that the format and the content of the interview had a positive impact 

on the participants. The outcome of the demographic questionnaire shows that 

participants would not prefer discussing their condition in front of a facilitator and/or a 

note-taker of an opposite gender. Participants did not seem embarrassed discussing their 

condition during the interviews, however, the facilitator (having also the role of note-



 

79 

taker) was of the same gender as the participants in 6/9 interviews. This confirms the 

recommendation made by the healthcare professionals to not conduct workshops, focus 

groups, or interviews with mixed-gender participants (page 59). 

4.3 Design Implications  

Based on the literature review, several issues surrounding the OAB condition and those 

suffering from its symptoms were identified. The findings also suggested that a mobile 

health application, implementing the principles of OAB self-managed treatment (Wilde 

et al., 2014), could increase adherence to OAB self-managed treatment and raise 

awareness of symptoms by (1) providing users with distraction techniques such as games 

to help people control their urge to urinate, (2) allowing users to visualize their progress, 

set up goals and provide them with feedback and rewards regarding their progress, (3) 

providing users with a bladder diary to track their symptoms, (4) providing reminders to 

help people conduct exercises and drink a proper amount of fluids per day, (5) providing 

a map indicating the closest toilet location to help avoid embarrassing incidents, (6) 

providing disguise options in case some users would consider it an embarrassing 

application, and (7) increase user experience using context analysis. These findings were 

discussed with 14 stakeholders - four healthcare professionals, nine people suffering from 

OAB symptoms, and one family member of a person with OAB symptoms.  

The findings from the requirements gathering interviews revealed new needs that the 

artifact (the application) might need to meet and potential new features that might need 

to be included to make the application more suitable. This represents a contribution to 

knowledge (Zimmerman et al., 2007) and an innovative research exploration, in support 

of the Research through Design process. The following broad conclusions were reached: 

• The behavioural changes together with a constant lack of interest and motivation 

are facts that stop patients from adhering to treatment (page 60). Better supporting 

tools, however, can help overcome these issues (page 61). 

• Hectic daily activities have a negative influence upon adhering to treatment (page 

60 and 70).  

• People suffering from OAB symptoms tend to have their own coping mechanisms 

(page 58 and 70). 

• Bladder Diary completion is an indicator of how well patients adhere to treatment 

(page 59).  
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• Each step of the treatment is personalized according to each individual’s needs 

(page 59).  

• A wide variety of distraction techniques is available to patients, being selected 

based on preferences and needs. These distractions can be categorized as social, 

mental, or physical (page 61 and 70). 

• Mobile health applications should not be based purely on recommendations from 

healthcare professionals as important functions could be excluded (e.g., map). 

What healthcare professionals consider inappropriate treatment-wise (page 60), 

end-users consider “indispensable” (page 72).  

• Mobile health applications should not be based purely on literature review 

findings as this can influence the design in an undesired way (e.g., disguise, page 

74). 

Participants agreed with the concepts presented and proposed new ones. In addition, 

differences were noticed with regards to some of the findings (e.g., map, disguise). Figure 

4.18 indicates how the design on the application shifted from literature review findings 

to the first design iteration (Iteration 1 previously described in Chapter 3, Section 3.2, 

page 46) based on the feedback received from both stakeholder categories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.18: The design of the application shifting from Literature Review to Study 1 findings, 

illustrating how new features were introduced (Quick Contractions, Treatment Description, and 

Toilet Pass) and the contradictions noticed (Map, Disguise, Machine Learning). 

The rationale for each feature is described in more details below (see also Appendix 6). 

Based on the feedback collected,  the following features were decided (Fig. 4.19):  
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Fig. 4.19: The proposed main functionalities of the application. 

Machine Learning Algorithm 

It was proposed that a machine learning algorithm could run in the background, with the 

aim of increasing the user experience (Dove et al., 2017) and offer the level of 

personalization mentioned by N2: “each patient comes with his own story”.  

The algorithm would have as input the user’s daily routine, location, and bladder habits 

and would determine when it is an appropriate time to send reminders for bladder training. 

The bladder diary would be used at the beginning of the treatment to help set up the 

machine learning algorithm. The fluid intake would be analyzed to understand whether 

the user drinks enough liquids and send reminders accordingly. The voids schedule and 

the leakages would help to define the user’s goal, to understand the user’s bladder, and 

calculate progress.  

Additionally, the algorithm could decide what distraction technique to send to users and 

for how long they should play it based on their location and bladder habit. As suggested 

by Kumar et al. (Kumar et al., 2013), the sensors embedded in a mobile phone application 

can be used to evaluate treatment adherence, the user’s response to an intervention and to 

adapt the intervention based on the user’s response and feedback. Therefore, it could be 

that the algorithm might start by randomly sending the distractions and in time, learn from 

failures the correct ones (as suggested by the healthcare professionals, the distractions 

might be individual, page 61). However, during the design of the algorithm, the ethical 

dilemmas surrounding machine learning integrated in mobile health applications would 
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be considered (Jacobson et al., 2020). Previous studies highlight that researchers should 

consider the feasibility of monitoring users and intervene accordingly and whether these 

may cause the user to change their behaviour. Moreover, in clinical decision-making, 

researchers should apply ethical and fair machine learning models (Jacobson et al., 2020) 

as studies have shown that randomness can have an impact on people, such as anxiety, as 

it is associated with unpredictability (Tullett et al., 2014).  

Settings  

As previously described in the first design iteration (Iteration 1) in Chapter 3, Section 3.2, 

page 49, a Settings menu was introduced such that the application is consistent with the 

Android platform. When opening the application for the first time, users would be 

redirected to the Settings Page. Here they would find information about the application 

and contact details in case they encounter problems using it. This feature would describe 

how the application works (e.g., the icons from the progress feature, the purpose of the 

bladder diary and how it should be completed, etc.) and would ask users to set up their 

preferences (e.g., preferred map locations, goal, and PFM exercises reminder).  

Map  

Contradictions were noticed regarding the mapping functionality during the interviews 

with healthcare professionals - whilst both medical consultants agreed with the feature, 

the nurses did not as it would facilitate toilet access which is in contradiction with the 

bladder retraining regime (page 60). However, all end-users agreed with it and 

emphasized the benefit of having such a feature (page 72): “It would be indispensable in 

an area that is completely unfamiliar with me.” (P01). Therefore, to take into 

consideration the social and emotional needs of the direct stakeholder category (Doherty 

et al., 2000), it was decided to implement the feature and investigate this inconsistency 

during field studies.  

The feature was designed as a single screen containing the points of interest mentioned 

during the interviews (e.g., restaurants, coffee shops). Following the Google Maps layout 

that was the preferred one by most participants, the functionality would show the nearest 

toilet location from the user’s current location and provide walking and driving directions, 

a timer specifying the time length to reach the location - in minutes - and the geographical 

North and South.  
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Distraction  

Distraction is an important feature of the application and both stakeholder categories 

mentioned that games could be a suitable distraction technique (page 61 and 74). Since 

during the co-design interviews, participants highlighted the fact that location plays an 

important role in the success of the distraction technique (e.g., they would not play a game 

at work), two games and a non-game, implementable in a mobile phone application, were 

proposed: Tetris20, 204821, and a simple screen that does not require any interaction. The 

first game selected was Tetris as some end-users would prefer playing “addictive” and 

“easy to manipulate” games (page 74). Puzzle games increase users’ level of attention 

(Boot et al., 2008; Chanel et al., 2008) and can be an ideal distraction technique. Moreover, 

Tetris also proved successful when dealing with Post-Traumatic Stress Disorder22 as it 

requires attention and information processing. Since multiplications and complex games 

were also suggested by end-users (page 74), the mathematical game 2048 would be another 

suitable distraction. The non-game was chosen since participants suggested distractions 

that do not require any interaction and the fact that they wouldn’t be able to play games all 

the time at work (page 61): “some might not be allowed to play games at work.” (N2). 

Following the advice from the nurses and as suggested in the literature (European 

Association of Urology, 2013), the concept of doing quick PFM contractions as a 

distraction was introduced. The indications on how to conduct the contractions were 

selected from leaflets and brochures received from healthcare professionals. 

Progress  

Both stakeholder categories agreed with the functionality and emphasized that displaying 

progress, providing feedback and rewards based on the user’s progress could increase 

adherence to treatment (page 60 and 72). End-users emphasized they would like to track 

their daily and weekly progress in terms of the number of voids and leakages (page 60). 

Validating previous research findings (Choe et al., 2014), end-users stated they would 

like to visualize their data using charts. Therefore, it was decided that the progress feature 

would be split into two sub-sequential screens, each screen containing a bar chart. The 

first screen would represent the weekly progress (the treatment is 6 weeks long), coded 

with icons and similar to Fig. 4.7 right, page 72. By clicking on one of the icons, the user 

would be redirected to the second screen where a detailed progress is presented (Fig. 

 
20 Tetris, https://en.wikipedia.org/wiki/Tetris 
21 2048, https://play2048.co/ 
22 Final Blog Post: TETRIS and Other Videogames’ Effects on PTSD, https://bit.ly/2v4VUMV 

https://chcgamestudies.wordpress.com/2013/03/18/2973/
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4.20). Considering the progress representation drawn by P04 (Fig. 4.8 left, page 73), the 

detailed progress is split by days with the number of voids (blue colour) and leakages (red 

colour) being recorded for 24 hours. The user’s goal could also be displayed (e.g., dark 

blue line). 

 

Fig. 4.20: The Proposed Detailed Progress Representation. 

The detailed progress would track the number of voids and leakages based on the 

following scenario that would be implemented using the machine learning algorithm 

proposed before. When the user feels the urge to urinate, a distraction technique (e.g., 

game) would be displayed. If this distraction fails (e.g., the user played the game for a 

very short time), the second urge suppression technique would be sent (e.g., quick PFM 

contractions). If the second technique also fails, it is considered that the user went to the 

toilet and therefore the voids count can increase with one. Additionally, the accelerometer 

sensor can be used to check whether the user moved (considering the case that the user 

took the phone along). As a method of confirmation, two notifications could be sent 

asking the users how many voids and leakages they had on that day, e.g., “How many 

voids have you had today?” and “How many leakages have you had today?”. These 

notifications could be sent at the end of the day (in the evening or before going to bed). 

The weekly progress would be calculated based on the detailed progress explained above. 

For this step, the user’s personal goal would be taken into consideration. Each day could 

be categorized as sad, normal, or happy. If during a day a person has more voids and 

leakages than the goal (including both daily and nocturnal ones), then it can be 

categorized as a sad day. Other formulas that could be used are presented below: 

• If (number of day voids > goal + 5% * goal) and (number of night voids > 2) and 

(number of leakages > 1) then categorize day as a sad day. 

• If (number of day voids = goal) then categorize day as a normal day. 

• If (number of day voids < goal) then categorize day as a happy day. 
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The days can be coded using icons representing happy (for happy days), sad (for sad days) 

and neutral (for normal days) faces similar to previous studies (Uzor and Baillie, 2018). 

Similar to Ayoade and Baillie (Ayoade and Baillie, 2014), the weeks have been coded 

based on the traffic light system. If during a week the number of sad days is six or seven 

then the week can be marked as a sad one and can be colour coded using the red colour. 

If the number of sad days is three, four, or five then it’s a normal week and can be colour 

coded using the yellow colour. Otherwise, it is a happy week (one or two sad days) and 

is colour coded using the green colour. 

To increase adherence, users could also receive rewards and positive statements regarding 

their progress. The rewards could be represented as a podium (Fig. 4.21 left) and the users 

going beyond their goal could also receive a trophy. The number of people who achieved 

the trophy would be taken into consideration. For those who no longer need the 

application but still decide to use it, the progress could be represented as in Fig. 4.21 right.  

 

 

 

 

 

 

Fig. 4.21: Possible rewards representations based on the user's progress and goal. 

Treatment Description  

As suggested by the healthcare professionals (page 59) and in line with previous research 

findings (Micallef et al., 2016), a detailed description of the condition should be provided. 

Given the fact that the majority of people suffering from OAB symptoms do not seek 

medical help due to embarrassment (Jamshidi et al., 2011) and to address the first problem 

identified in this thesis (Chapter 1, page 1), it was decided to implement the feature, to 

provide people with information about the condition and raise awareness of symptoms. 

The feature would consist of a simple screen with text containing general information 

about the condition, its treatment, and diagnostic as described by the European 

Association of Urology (Thüroff et al., 2011) and selected from brochures and leaflets 

offered by the healthcare professionals during the interviews. 
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Toilet Pass  

P06 emphasized the importance of including a toilet pass that would help people gain 

toilet access in unknown locations. The feature was implemented to take into 

consideration the social and emotional needs (Doherty et al., 2000) of the direct 

stakeholder category. Considering P06’s drawing (Fig. 4.14, page 76), the feature would 

be a screen with text and images, specifying that the user has OAB and needs toilet access 

(Fig. 4.22). The users would show this screen to an authorized person to gain free toilet 

access in public spaces when needed.  

 

 

 

 

 

Fig. 4.22: Possible representation of the toilet pass feature. 

Bladder Diary  

A bladder diary is an important OAB assessment tool, and all participants agreed with 

having such a feature included in the application (page 60 and 75). The feature would be 

a replica of the paper-based bladder diary patients receive during their assessment (Fig. 

2.1, page 11). The diary would contain a main screen where users have the option to 

choose what they wish to record - fluid intake, voids, and/or leakages. After that, they 

would be redirected to secondary screens containing drop-down menus and clickable 

images for inputting the actual data (to have consistency among the three screens). 

Inputting data by clicking on images was also chosen from an ethical perspective to avoid 

any emotional distress (Draucker et al., 2009). One end-user suggested measuring the 

seconds spent whilst urinating (page 75); however, asking users to use a timer or audio 

recording would be invasive and highly unethical. Other methods of documenting the 

process (e.g., videos, pictures) were also considered unethical. 

The drop-down menus were selected based on the feedback collected from end-users 

(page 75) and to comply with application design guidelines advising to keep the content 

and the number of interface elements to a minimum23. A mug was selected for both the 

fluid intake and void screen as this was the desired representation among end-users. As 

 
23 A comprehensive guide to mobile app design, https://bit.ly/2RqTw1B 



 

87 

end-users commented that the mug should have a scale and indicate quantities, the mug 

was designed as a clickable image where users can select the desired quantity (page 75). 

Following OAB guidelines (Nambiar et al., 2018), users would be asked to complete the 

diary for three consecutive days. As previously mentioned, the data collected could help 

set up the machine learning algorithm (page 81). For example, the voids data could be 

used to understand the user’s void pattern and send the distraction technique at the right 

time. The fluid intake data could be analysed to understand whether the user drinks 

enough liquids and send reminders accordingly. 

Reminders 

Both stakeholder categories agreed with the functionality (page 60 and 73). Both PFM 

Exercises and Fluid Intake reminders would be implemented as simple notifications and 

screens with text and images (Fig. 4.23). As no agreement could be met regarding the 

PFM exercises reminder icon, this needed to be re-discussed before taking a design 

decision. The Fluid Intake reminder would be based on bladder diary data and would 

target users who do not drink enough liquids (if the quantity of saved liquids is less than 

1.5L, as recommended during the BIG sessions). 

 

 

 

 

 

 

Fig. 4.23: Possible representation for the fluid intake reminder. 

Disguise 

Based on the literature review findings, due to embarrassment, it was hypothesized that 

people might consider the application an embarrassing one, wishing to disguise or hide it 

from other people, e.g., disguise the main icon or have additional privacy/security 

features. No agreement was obtained with regards to the application icon and extra layer 

of protection (e.g., password, quick lock, etc.). Since mixed feedback was obtained (page 

74), the feature needed to be re-evaluated. As shown in Fig. 4.19, the names of the features 

were omitted to not include any OAB terminology and disguise the main screen. This 

design decision would be evaluated during future studies.   
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4.4 Conclusion  

This chapter first presented the interviews conducted with four OAB healthcare 

professionals and their findings. Throughout these interviews, the healthcare 

professionals presented various issues surrounding the condition, treatment adherence, 

and expressed their opinions regarding the application functionalities derived from the 

literature review. The chapter continued with the co-design interviews conducted with 

nine people suffering from OAB symptoms and a family member of a person with OAB 

symptoms. Throughout the interviews, important feedback was obtained on what features 

should an OAB mobile health application contain to support people and help them adhere 

to their self-managed treatment. These were necessary to answer RQ1, RQ2, RQ4, 

Objectives 2-4 and address the two main problems identified by this thesis (Chapter 1, 

Section 1.1, page 1). The interviews conducted with both stakeholder categories 

represented a routine activity in support of the Research through Design process. 

Presenting the findings and highlighting how these can be taken forward represents a 

contribution to knowledge and an innovative research exploration, in support of the 

Research through Design process.  

The data collected confirms previous literature review findings indicating that the 

application should contain (1) a map indicating the closest toilet location, (2) distraction 

techniques (e.g., games) to help people control their urge to urinate, (3) fluid intake and 

PFM exercises reminders, (4) a bladder diary to help people keep track of their symptoms, 

(5) progress, feedback, and allowing users to set up goals, (6) disguise options, and (7) a 

machine learning algorithm running in the background to increase the user experience. 

Additionally, new features were proposed. The feedback collected from the healthcare 

professionals interviews highlighted that the application should offer an outline of the 

treatment and condition (page 60). This finding comes in line with what is being 

suggested for other diseases (e.g., stroke (Micallef et al., 2016)). Moreover, it was 

suggested that quick PFM contractions are a suitable technique to control the urge to 

urinate (page 61). During the end-users interviews, it was proposed that a toilet pass 

functionality should be implemented that could help users gain quick toilet access in 

public spaces (page 76). These findings indicate that important features could be lost if 

the design of a mobile health application is based only on literature review findings.  

Moreover, this chapter provides valuable contributions to the HCI community. 

Embarrassment is an emotion that needs to be considered when selecting the methodology 

for requirements gathering processes. In the area of stigmatized conditions, Marcu et al. 
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(Marcu et al., 2016) conducted design workshops with people with HIV to confirm their 

mobile phone application prototype. McNaney et al. (McNaney et al., 2018) also 

successfully applied design workshops with people who stammer for the design of a 

mobile phone application. However, the interviews conducted with the OAB healthcare 

professionals show that gender is a factor that needs to be considered (page 59). When 

conducting requirements gathering with people suffering from a sensitive condition such 

as OAB, mixed-gender workshops, focus groups, etc. should be avoided and ideally, one-

to-one interviews should be conducted. Moreover, importance should be given to the 

gender of the facilitator, note-taker, or the interviewer. The feedback collected from the 

emotion wheels also shows that the interviews conducted with end-users, using an 

adapted version of the procedure utilized by Uzor et al. (Uzor et al., 2012), proved 

efficient and did not cause any emotional discomfort in the participants (page 78).  

A design workshop was intended to be used, as the User-Centred methodology proved 

successful when studying mobile health applications (Marcu et al., 2016; McNaney et al., 

2018; Micallef et al., 2016). Given the recommendations made by the healthcare 

professionals to not conduct mixed-gender workshops, focus groups, interviews, etc. 

(page 59), paired and single co-design interviews were instead conducted. Previous 

research (Lewis and Wyatt, 2014; Micallef et al., 2016) recommends evaluating a mobile 

health application with healthcare professionals prior to end-users evaluation to confirm 

that it is not compromising patient safety. The findings of this study indicate that also 

conducting requirements gathering interviews with healthcare professionals before end-

user interviews is useful, as their recommendations can help select a suitable 

methodology for gathering requirements with people suffering from sensitive conditions.  

Involving stakeholders is important to Human-Centred Design and Gulliksen et al. 

(Gulliksen et al., 2010) indicate that stakeholders should actively be involved in the early 

stages and continuously throughout the development process. However, conflicting needs 

can appear in stakeholder relationships (Cajander and Grünloh, 2019; McGee-Lennon, 

2008). This is similar to previous findings indicating that communication challenges arise 

between patients and clinicians and their treatment perspectives differ considerably 

(Rajabiyazdi et al., 2017). McGee-Lennon and Gray (McGee-Lennon and Gray, 2007) 

also show that each stakeholder group would expect a system to act based on their goals 

and needs. This can lead to a potential conflict of interests (McGee-Lennon and Gray, 

2007) and even hostility when the medical needs are prioritized over the emotional and 

social needs of the patients (Doherty et al., 2000). The findings of this chapter highlight 
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several differences that were noticed between and within the two stakeholder groups with 

regards to some functions and concepts. For example, one contradiction noted was 

regarding the map function (page 82). Whilst the nurses did not agree with having an 

interactive map with toilet locations, all end-users and medical consultants wanted such 

a function, with some end-users considering it an “indispensable” feature. The work 

described in this chapter contributes to the HCI community by showing that basing the 

design of a mobile health application purely on recommendations from healthcare 

professionals and literature review findings is not indicated, as important functions could 

be lost. With this in mind, design decisions were made that would consider the emotional 

and social needs (Doherty et al., 2000) of the direct stakeholder category, the people 

suffering from Overactive Bladder symptoms (e.g., implementing the map feature, 

considering the machine learning algorithm). 



 

91 

Chapter 5. Prototype Development 

and Interviews 
A prototype application was designed based on literature review findings and the data 

collected during the requirements gathering interviews conducted with healthcare 

professionals and people suffering from OAB symptoms (Chapter 4). This chapter starts 

by presenting the development process of the prototype, highlighting the importance of 

including multiple stakeholder categories in the design and redesign process of health 

technologies. As a routine activity in support of the Research through Design process, to 

address the two main problems identified by this thesis and to answer RQ1, RQ2, RQ4, 

and Objectives 5 and 10 (Chapter 1, Section 1.1, page 1), this chapter describes the 

prototype interviews carried out with healthcare professionals and people suffering from 

OAB symptoms to understand how the user interface can be improved. The chapter then 

presents the findings from the interviews and their contribution to knowledge, e.g., how 

the findings can be integrated and taken forward (innovative research exploration in 

support of the Research through Design process). This will inform the redesign of mobile 

health applications to make them more suitable for people suffering from sensitive health 

conditions, such as Overactive Bladder.  

5.1 Prototype Development 

The application was developed for Android 6.0.1 and was tested on a Samsung Galaxy 

S6 smartphone device. The following features were implemented (see Chapter 4, Section 

4.3 presenting the rationale for each feature):  

Machine Learning 

Micallef (Micallef, 2015) developed a context-sensitive screen locking mobile phone 

application24 that uses a machine-learning algorithm based on environment profiles using 

smartphone sensor data (environment-related and location-based sensors). As explained 

by Micallef et. al (Micallef et al., 2015), one of the first steps in creating a machine 

learning algorithm is to collect preliminary sensor data that can help define the algorithm. 

Based on Micallef’s algorithm, it was decided that the application would collect sound 

and light data to determine the user’s environment, WIFI (connected and visible hotspots 

name) to determine the user’s location, and accelerometer to determine the motion. As 

 
24 ContextSenstiveScreenLockingApp, https://github.com/nmicallef/ContextSenstiveScreenLockingApp 
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previously suggested, to avoid battery consumption issues, the application was designed 

to collect every 5 minutes the following data: microphone (ambient noise levels for 10 

seconds), light (light levels for 5 seconds), Wi-Fi (access point names and IDs), and 

accelerometer (x, y, z coordinates for 10 seconds). As suggested by Micallef et. al 

(Micallef et al., 2015), based on the work of Schirmer and Höpfner (Schirmer and 

Höpfner, 2012), the Wi-Fi sensor was used to define locations instead of the GPS sensor 

to improve resource consumption. Data was automatically uploaded via Wi-Fi connection 

every six hours to a secure server (Appendix 2.1, Fig. 4.1). 

Feature Data Collected Rationale 

Map 1. Locations 

2. Access 

3. Time 

4. Duration 

Determine the locations users selected 

and if these were changed in time. 

Determine how many times the feature 

was accessed, when and for how long. 

Progress 1. Access 

2. Location 

3. Time 

4. Duration 

How often users were checking their 

progress, when, and in which location. 

Distractions 1. Access  

2. Duration  

3. Location 

4. Time 

How often users were using the 

distractions, for how long, when during 

the day, and in which locations. 

Bladder Diary 1. First input 

2. Time 

3. Activities  

4. Location 

Start of the three days countdown and 

progress representation. Understand in 

what location users fill in the diary. 

PFM Exercises 

and Fluid Intake 

Reminder 

1. Time 

2. Modalities  

3. Privacy aspects 

Determine when was the appropriate 

time for users to receive reminders and 

by which modalities.  

Toilet Pass 1. Access  

2. Location 

3. Time  

4. Duration 

Determine how many times users used 

this feature, when, and in which 

locations. 

Treatment 

Description 

1. Access 

2. Location  

3. Duration  

4. Time 

Determine how many times users used 

this feature, when, in which location, 

and for how long.  

Sensors (every 5 

minutes) 

1. Accelerometer 

2. GPS 

3. Light 

4. Magnetic Field 

5. Sound 

6. WIFI 

7. Activity 

Determine if there is a connection 

between location and features. 

Table 5.1: Data collected by the application during the usability evaluation field study. 

In addition to the sensor data collection suggested by Micallef et. al (Micallef et al., 2015), 

interaction data was also collected in the background as this previously proved useful 
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when determining how users interact with a mobile health application (Ploderer et al., 

2014). The log data collected referred to the number of times users accessed a feature, at 

what time, for how long, and in what location. Since embarrassment is an issue 

surrounding OAB (Jamshidi et al., 2011), it was important to determine in which locations 

(mostly public or private) users were accessing these features. Table 5.1 shows a summary 

of what data was collected for each feature.    

Besides the sensor data upload process, the code was adjusted to also include specific 

folders containing interaction (log) data (Appendix 2.1, Fig. 4.2). The data was collected 

using a write-to-file method (Appendix 2.1, Fig. 4.3) which created a folder, containing 

a text document specifying the date and time the feature was accessed, and the time the 

users exited the feature. This method was used throughout the development process where 

writing to a file was needed. This data was saved in the phone’s download folder 

(Environment.DIRECTORY_DOWNLOADS). Every Android application has limited-

access background storage. When information outside this storage is needed, the 

application needs to ask the user for permission. These permissions need to be declared 

in the application manifest and approved by the user25. As the data saved by the 

application was stored in the smartphone’s external storage, the application needed to ask 

for the following permissions: 

1. Permission to read (and write) from the files generated by the application. 

2. Permission to make and manage phone calls - used to determine the phone state 

and read the users’ unique ID – the IMEI number (Micallef, 2015). 

3. Permission to access the device location – for the map feature. 

4. Permission to record audio – to collect noise data. 

Settings 

As suggested in the Android Settings Design Guidelines26 (previously mentioned in Chapt 

er 3, Section 3.2, page 49), the settings menu was implemented using the Preference 

library, containing the PreferenceActivity class27, a base class that shows a hierarchy of 

preferences to the user (Appendix 2.1, Fig. 4.4). The settings menu was situated in the 

top right corner of the main screen (Fig. 5.1) and contained two sections – About (with 

details about the features, bladder report, and the option to select preferences) and Contact 

(with contact and ethics details). 

 
25 Permissions, https://developer.android.com/training/permissions/requesting 
26 Android Settings Design Guidelines, https://source.android.com/devices/tech/settings/settings-guidelines 
27 PreferenceActivity, https://developer.android.com/reference/android/preference/PreferenceActivity 

https://source.android.com/devices/tech/settings/settings-guidelines
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Fig. 5.1: The application's settings menu. 

The About section was divided into three sub-sections (Fig. 5.2 left). The first sub-section 

contained details about the features and was developed using Dialogs28. This is a type of 

modal window (a graphical control element subordinate to an application's main window) 

that appears in front of the application content to display information or prompt a user to 

make a decision (Appendix 2.1, Fig. 4.5). When selecting one topic from the menu, a 

window with more information about that topic is displayed (Fig. 5.2 right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.2: The first section of the settings menu with feature details, preferences, and bladder report. 

The Preference sub-section (Fig. 5.3) allows users to set up their preferences - what they 

would like to improve (number of voids, leakages, or both), how many daily voids and/or 

leakages they would like to achieve, and their preferred toilet locations. For both progress 

and toilet locations, the ListPreference29 class was used, as this displays a list of entries 

 
28 Dialogs, https://developer.android.com/guide/topics/ui/dialog 
29 ListPreference, https://developer.android.com/reference/android/preference/ListPreference 

https://developer.android.com/reference/android/preference/ListPreference
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as a dialog. For the number of daily voids and/or leakages, the EditTextPreference30 class 

was used, as this allows users to input a string (Appendix 2.1, Fig. 4.6). 

 

Fig. 5.3: The Preferences sub-section of the settings menu. 

Based on the data inserted in the Bladder Diary, the application offered users a report (as 

mentioned in Chapter 3, Section 3.2, page 49) on their fluid and bladder activity (My 

Profile sub-section – Fig. 5.2 left). The report (Fig. 5.4) also indicated whether the user 

was drinking a proper quantity and type of liquids, and their average number of voids 

and/or leakages per day. This feature was implemented using TextView31, a user interface 

element that displays text. 

 

 

 

 

 

 

 

 

 

Fig. 5.4: The bladder diary report available in the settings menu. 

Map 

The map (Fig. 5.5) was designed using the Google Maps API32, an application 

programming interface that displays the nearest points of interest, the user’s current 

location, and the distance between two points.  

The feature was developed using as a starting point a tutorial33 for displaying a pre-defined 

point of interest close to the user’s current location. The feature was upgraded to allow 

 
30 EditTextPreference, https://developer.android.com/reference/android/preference/EditTextPreference 
31 TextView, https://developer.android.com/reference/android/widget/TextView 
32 Maps SDK for Android, https://tinyurl.com/y6qkh2ld 
33 Display nearby places (Banks) using Google Maps API in Android, https://bit.ly/2JyaINh 

https://developer.android.com/reference/android/widget/TextView
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users to select more than one point of interest (based on the list displayed in the Settings 

menu - Fig. 5.3 right).  The locations indicated were retrieved using a Google Maps API 

key to access the Google Maps servers, obtained before implementing the feature 

(Appendix 2.1, Fig. 4.8). The location selected in the Settings menu was retrieved using 

the read from the file method (Appendix 2.1, Fig. 4.9). The same method was used 

throughout the entire development process when reading from a file was necessary.  

 

 

 

 

 

 

 

Fig. 5.5: The map feature developed in the application. 

Progress 

The feature was implemented using the MPAndroidChart library34, a library that allows 

the implementation of line and bar charts, dragging, and animations. Similar to Uzor and 

Baillie (Uzor and Baillie, 2018), the weekly progress (Fig. 5.6) was implemented as a 

scatter chart. As no real data was generated at that time, the values inserted were 

hardcoded (Appendix 2.1, Fig. 4.10).  

 

 

 

 

 

Fig. 5.6: The weekly progress depicted as a scatter chart. 

 

Similar to Ayoade and Baillie (Ayoade and Baillie, 2014), the weeks have been coded 

based on the traffic light system (Appendix 2.1, Fig. 4.11). Red (coded with the value 

 
34 MPAndroidChart, https://github.com/PhilJay/MPAndroidChart 

https://github.com/PhilJay/MPAndroidChart
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three) indicated that the user had a high number of sad days (see Chapter 4, Section 4.3, 

page 84 for the details). Yellow was used to illustrate a normal week (three, four, or five 

sad days), whilst green was used to represent a happy week (only one or two sad days). 

When pressing on one of the dots, users were redirected to the daily progress (Fig. 5.7). 

This detailed progress was implemented as a bar chart. As for the weekly progress, the 

values inserted were hardcoded. The goal feature was implemented using the LimitLine 

option available in the MPAndroidChart library (Appendix 2.1, Fig. 4.12). The goal value 

is the one inserted in the Settings menu and retrieved using the read from the file method. 

The icons displayed on top of the chart (see Chapter 4, Section 4.3, page 84 for details) 

were implemented using the BitmapFactory class35, a class that creates Bitmap (an image 

file format that can be used to create and store computer graphics) objects from various 

sources. The ImageBarChartRenderer class36 was implemented following a tutorial on 

how to customize bar charts with images (Appendix 2.1, Fig. 4.13). 

 

 

 

 

 

 

 

 

 

 

Fig. 5.7: The detailed progress in terms of number of voids and leakages, depicted as a bar chart. 

Bladder Diary 

The Bladder Diary feature (Fig. 5.8) was composed of a main screen from which users 

had the option to select what data they would like to insert: fluids – top icon, voids – 

middle icon, and/or leakages – middle icon. The layout was implemented using clickable 

images and TextView components. The icons were implemented using the ImageView 

class37, a class that helps display images. When clicking on one of the icons, the user was 

redirected to another screen that allows them to insert data. 

 
35 BitmapFactory, https://developer.android.com/reference/android/graphics/BitmapFactory 
36 MPAndroidChart: add custom image inside bars, https://stackoverflow.com/questions/41340819/mpandroidchart-add-custom-
image-inside-bars 
37 ImageView, https://developer.android.com/reference/android/widget/ImageView 

https://stackoverflow.com/questions/41340819/mpandroidchart-add-custom-image-inside-bars
https://developer.android.com/reference/android/widget/ImageView
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Fig. 5.8: The main screen of the bladder diary feature. 

The screen for recording the fluids consumed (Fig. 5.9 left) was composed of a drop-

down menu and a clickable image (Appendix 2.1, Fig. 4.14). The drop-down menu was 

implemented using Spinners that allow users to select a value from a set. When touching 

the Spinner38, a drop-down menu will be displayed with all available entries (Fig. 5.9 

middle). The image representing the liquid quantity consumed was composed of four 

clickable images. When touching it, a text indicating the selected quantity was displayed 

(Fig. 5.9 right bottom). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.9: The screens to record fluid intake consumption. 

As people do not complete diaries properly (Bolger et al., 2003), it was decided to make 

the process easier and automatically save the time when users inserted data. The same 

principle was applied for the Record Void (Fig. 5.10) and Leakage screens (Fig. 5.11).  

 
38 Spinner, https://developer.android.com/guide/topics/ui/controls/spinner 

https://developer.android.com/guide/topics/ui/controls/spinner
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Fig. 5.10: The screens to record a void. 

The Record Leakages screen was composed of two drop-down menus in which users had 

the option to record the quantity of leakage and the activity they were doing when the 

leakage occurred. Different from the other screens, the leakage quantity was designed as 

a drop-down menu as these are the values requested in the paper-based diaries (see Fig. 

2.1, page 11).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.11: The screens to record a leakage. 

Based on the data inputted in the bladder diary, the application was designed to send a 

notification to the users not drinking enough liquids per day. This notification was 

automatically triggered on the fourth day. The layout of the reminder was composed of 

an image and text (Fig. 5.12). 

 

 

 

 

 

 

 

 

 

Fig. 5.12: The layout of the fluid intake reminder. 
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Distractions  

 

 

 

 

 

 

 

Fig. 5.13: The main screen of the distraction techniques feature. 

The main screen contained three icons depicting the urge distraction techniques proposed 

in this application (Fig. 5.13). In the absence of the machine learning algorithm that would 

automatically provide a distraction (see Chapter 4, Section 4.3, page 81 for details), the 

user would select the desired distraction by clicking on one of the icons.  

Tetris 

The game was implemented based on the open-source Blockinger game39 (Fig. 5.14). The 

game is split into levels and the speed at which pieces drop down increases by 10% per 

level. The level increases when ten lines are cleared. For each line cleared, users receive 

100 points, followed by 300 points for two lines, 500 points for three lines, and 800 points 

for four lines. The game also measures the player’s finger speed (called Actions per 

Minute). No modifications were implemented to the layout and the logic of the game. 

 

 

 

 

 

 

 

Fig. 5.14: Tetris, the first distraction technique implemented in the application. 

 

 
39 Blockinger, https://github.com/vocollapse/Blockinger 

https://github.com/vocollapse/Blockinger
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2048 

The 2048 puzzle game (Fig. 5.15) is also open source40. The game's objective is to slide 

the numbered tiles and combine them to create a tile with the number 2048. Users can 

continue playing the game and creating tiles with larger numbers. No modifications have 

been made to this game. 

 

 

 

 

 

 

 

 

 

 

Fig. 5.15: 2048, the second distraction technique implemented in the application. 

Quick Contractions 

Using similar elements as in the Bladder Diary feature, the technique (Fig. 5.16) was 

developed as a screen with text. As previously mentioned (Chapter 4, Section 4.3, page 

85), the information provided was collected from leaflets and brochures received from 

healthcare professionals. 

 
 

Fig. 5.16: Quick Contractions, the third distraction technique implemented in the application. 

Toilet Pass 

The feature (Fig. 5.17) was developed as a screen containing text and images. 

 

 

 
40 2048, https://github.com/gabrielecirulli/2048 

https://github.com/gabrielecirulli/2048
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Fig. 5.17: The Toilet Pass feature developed as suggested by participants. 

Treatment Description 

Following the same procedure as for the Settings menu, the Treatment Description feature 

was implemented using Dialogs (Fig. 5.18 left). When selecting one topic from the menu, 

a window with more information about that topic was displayed (Fig. 5.18 right). The 

information presented was selected from leaflets and brochures received from the 

healthcare professionals during the requirements gathering interviews. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.18: The Treatment Description feature: main screen (left) and sub-topic (right). 

5.2 Prototype Interviews 

As part of an iterative design process, after developing the prototype, it was clear that 

interviews should be carried out with healthcare professionals and people suffering from 

OAB to understand how the user interface and the interaction with the functions can be 

improved. Questions were also asked to collect data that could help define the machine 

learning algorithm (e.g., questions about the order of the distractions, location, and 
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timings - see page 109). These interviews represented a routine activity in support of the 

Research through Design process to fulfill Objective 5 (Chapter 1, Section 1.1, page 2). 

The findings of this study led to Iteration 2 Design (Chapter 3, Section 3.2, page 49). 

5.2.1 Stakeholder Interviews 

Both healthcare professionals and people with OAB symptoms (end-users) interviews 

were conducted to understand whether the information provided is consistent with OAB 

guidelines, if they would recommend the application to other people with OAB, and if 

the features implemented are well integrated. Additionally, the end-user interviews aimed 

at evaluating the user interface, such as choice of colour, size of buttons, drop-down 

menus layout, etc. A secondary purpose of the end-user interviews was to collect data 

regarding the rewards, understand the modalities by which the reminders/alerts should be 

sent and potentially disguised (e.g., vibration, sound, silent) and other privacy-related 

issues (Appendix 2.2), as no agreement was reached during previous interviews (see 

Chapter 4, Section 4.3 for more details). 

Healthcare Professionals Interviews 

In total four semi-structured interviews were conducted with healthcare professionals 

with the following expertise: one medical consultant (MC1G) and four urinary continence 

specialist nurses (N0G – N3E). All interviews were conducted face to face and notes were 

taken; all notes respected the confidentiality of the interviewees. N0G and N1G were 

partially interviewed together (due to a busy schedule, N0G could not take part in the 

entire interview). N1G and MC1G have previously taken part in Study 1. During the 

study, the interviewees were presented with the application’s features and were asked to 

comment on them. Additionally, they were asked whether they would recommend the 

application to their patients. As in the requirements gathering phase, the qualitative 

answers were analysed using CCM (Baillie, 2002).  

End-Users Interviews 

End-users were recruited through the contact provided in an online bladder diary 

questionnaire. Although 40 people filled in the questionnaire, only 15 volunteered to take 

part in future studies. All 15 were invited to take part in this study and five accepted the 

invitation. End-users taking part in the first study were also contacted; two accepted the 

invitation but one withdrew. End-users were recruited based on the same criteria as before 
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(Chapter 4, Section 4.2.1, page 63). Additionally, they were asked to have an Internet 

connection for remote interviews or the ability to travel for face-to-face interviews. 

Despite the recruitment effort, only six end-users were interviewed, five females and one 

male, age range 35-73 years old, mean age 54.6. Regarding the working status, one was 

retired, four end-users were employed, and one was unemployed. All four active 

employed end-users had unlimited toilet breaks. Regarding mobile usage, all end-users 

agreed or strongly agreed to be confident in using a smartphone. Only one end-user was 

using the Squeezy application for PFM exercises, and only two were constantly (daily) 

playing games on their mobile phone (e.g., Candy Crush41 and Bingo42). Only two end-

users were concerned about privacy issues (e.g., due to a previous attack). Regarding 

daily liquid consumption, 4/6 were drinking a medium amount of liquids (a bottle of water 

of 1–1.5L) and only two between 1.5–2L, in line with the literature and previous findings 

(Chapter 4, Section 4.1.2, page 59 and Section 4.2.3, page 70). Only 4/6 end-users were 

using distraction techniques such as concentrating on something else (3/6), doing 

housework (1/6), or PFM exercises (1/6). 

Only one interview was conducted face to face (P05) whilst all others were remote via 

Skype43. P05 did not own an Android OS device but was presented with the application 

installed on the device used for the development. Among the Skype interviews, three end-

users were presented with screenshots of the application as they did not own any Android 

OS device (P01, P03, P07). P02 and P06 received the application before starting the 

interview. Notes were taken down during the evaluation study, with all notes respecting 

the confidentiality of the interviewees. Data was analysed using CCM (Baillie, 2002).  

End-users received via e-mail an information sheet, a consent form, and a demographic 

questionnaire (similar to the paperwork distributed in Chapter 4 – Appendix 1.2 and 1.3). 

During the study, the interviewees were presented with the application’s features and 

were asked to comment on them (Phase 1). In Phase 2, disguise issues were addressed, 

considering scenarios that depict possible embarrassing situations for the end-users. At 

the end of the study, end-users were asked to fill in a short post-evaluation questionnaire 

(Appendix 2.3). Table 5.2 summarizes the entire structure of the study.  

 

 

 
41 Candy Crush Saga, https://en.wikipedia.org/wiki/Candy_Crush_Saga 
42 Bingo, https://en.wikipedia.org/wiki/Bingo_%28U.S.%29 
43 Skype, https://www.skype.com/en/ 
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Phase Description Material for End-Users 

Phase 0 – Pre-

Evaluation Study 

Material sent online before the 

evaluation study. 
• Information Sheet 

• Consent Form 

• Demographic 

Questionnaire 

Phase 1 – 

Evaluation Study 

Phase 1.1 (Prototype 

Evaluation): End-users were 

presented with features and 

asked to provide feedback. 

Phase 1.2 (Disguise): End-users 

were presented with disguise 

scenarios and asked to answer 

open-ended questions.  

• Scenarios 

• Open-ended 

Questions 

Phase 2 – Post-

Evaluation Study 

Questionnaire 

End-users were asked to fill in a 

questionnaire.   

• Post-Evaluation  

Questionnaire 

• Voucher 

Table 5.2: The structure of the prototype interviews with people with OAB symptoms. 

5.2.2 Findings 

All healthcare professionals agreed with the features and most of them (3/4) would 

recommend the application to their patients. Similar to Study 1 findings (Chapter 4, 

Section 4.1.2, page 61), N1G mentioned that “It's an application for the younger 

generation.”, whilst N2G would only recommend it to motivated patients. Additionally, 

all end-users would use the application: “I liked the features and I know that they would 

be very helpful to me.”. (P07). 

With regards to the main screen layout, end-users were asked to determine the purpose of 

each main screen icon, to understand whether the icons chosen were appropriate for the 

features they were representing. The end-users were successfully able to do so, providing 

answers close to the real meaning of the icon. 

Settings  

All end-users agreed with the Settings menu and only suggested adding shops, stations, 

and pubs or bars to the toilet locations list. Healthcare professionals did not provide any 

comments for the settings menu.  

Map 

Contradicting the feedback received in Study 1 (while both medical consultants agreed 

with the toilet mapping concept, the nurses did not since they felt it could ease toilet 

access – Chapter 4, Section 4.1.2, page 60), all healthcare professionals taking part in this 
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study agreed with the map feature. Similar to that, all end-users agreed with the feature 

and the information it provides (path, distance, time). 

According to the healthcare professionals, the map’s purpose is to also provide 

reassurance and help people control their anxiety: “It reduces anxiety, it gives 

confidence.” (N0G), “It reduces anxiety, it provides reassurance and helps people adjust 

to the regime better.” (N2G). 

As a design concept, P05 suggested displaying “only one location because sometimes the 

icons are too close to each other.”. End-users did not want to disguise the map, either 

because they do not feel embarrassed by this aspect or because “there's no icon indicating 

a toilet. It just looks like I'm looking for directions.” (P02). 

Progress 

Both stakeholder categories agreed with the feature and highlighted the importance of 

displaying progress: “Yes, they need to see if they reached their goal. If not, they need to 

ask themselves 'What am I doing wrong here?'” (N2G). No disguise ideas were generated: 

“Since there is no explicit reference to OAB, the people around you won’t notice what it 

is about.” (P07). 

With respect to the weekly progress, all healthcare professionals interviewed agreed with 

the traffic representation and its icons. Whilst two interviewees found this representation 

to be motivational, N2G stated that it “Depends on the person. People usually want quick 

solutions like tablets. It depends if they want to work for it, if they are motivated.”. N1G 

stated there are other factors involved (e.g., menstruation) that can influence the number 

of voids: “Yes but it depends. Some women urinate more before and after the period.”. 

N3E suggested focusing the goal on hold on time as it “is more motivational.”, whilst the 

number of voids and/or leakages depends too much on other variables such as “when they 

wake up, when they go to bed.”. Regarding the layout, three end-users stated that a 

description of what the chart represents should be added. P07 suggested increasing the 

size of the icons and two other end-users mentioned the yellow colour was not properly 

visible. Moreover, P07 did not agree at all with this type of graph and suggested 

investigating other methods of representing the information. 

The icons presented in the detailed progress representation provided mixed feedback. For 

example, two end-users did not want any type of icon, as “Some might associate a reduce 

in voids with drinking less water.” (P02). P01 would only have the happy icon as “The 

sad face shows you’ve failed but it might not be the case. For example, for me, the urge 
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is worse when it’s cold outside and it’s not my fault.”. On the other hand, most healthcare 

professionals (3/4) suggested including both happy and sad icons, whilst MC1G 

suggested providing only happy icons as positive reinforcement. Similar to the weekly 

progress representation, two end-users suggested adding a description of the chart. 

Both stakeholder categories agreed on the application providing rewards to the users 

based on their progress as “It's good to recognize achievements.” (P07). However, no 

agreement could be found regarding the layout and the appropriate time to send the 

rewards. Whilst two nurses suggested sending the reminder every two weeks, MC1G 

suggested providing short messages and send a reward only once a target is met, 

regardless of the time passed. On the other hand, two end-users mentioned sending daily 

rewards and then more rarely after one or two weeks. P01 also suggested giving a reward 

for completing the bladder diary. No disguise ideas were proposed by the end-users. 

Bladder Diary  

Full agreement from both stakeholder categories was obtained for this feature and no 

disguise ideas were generated by the end-users. N1G suggested that the diary can also be 

used to track progress and that users should complete a three consecutive days diary every 

month to compare the results. N3E and MC1G raised the problem that the diary should 

be filled in immediately after consuming liquids or going to the toilet: “This is if they 

remember to do it immediately after going to the toilet.” (N3E), “What happens if they 

just drank but did not fill it in?” (MC1G). A solution would be to “mention in the 

description it has to be done straight away.” (N3E). 

Regarding the fluid intake screen, it was suggested to add water as a new fluid category 

and adding larger quantities. N2G would change the representation to a travel mug as 

some patients use it and it holds up to 700 millilitres. P01 suggested adding more 

contrasting colours whilst P02 said “the mug can be deceiving. I would use a glass cup of 

200 ml. People are not aware of volumes - if they drink a cup of tea, they would still tap 

on 500 because it's a full cup, although they only drank 200.”. Contrary, P06 preferred a 

mug or a pint as a representation. 

The record voids representation gathered the most comments. From the healthcare 

professionals’ perspective, two nurses emphasized the fact that precise urine quantities 

are needed otherwise the diary would be meaningless. Having smaller urine quantities 

was also mentioned by all stakeholder categories. The nurses suggested having “10, 15 

millilitres” quantities, whilst P02 suggested “50, 100, 250 and 300 millilitres” and P06 
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“50, 100, 150 up to 500 millilitres.”. MC1G, on the other hand, suggested to “use a 

standard mug and divide it into 1/4, 2/4, 3/4, full and overflow.” as “Measuring urine is 

not easy and this would increase compliance.”. This is similar to the findings of 

Rajabiyazdi et al. (Rajabiyazdi et al., 2017) who show that clinicians are willing to 

sympathise with some of their patients to a certain extent. Moreover, three healthcare 

professionals suggested changing the graphical representation to drops, prescription 

mugs, or small medical cups. Similarly, P01 would use a drop representation instead of 

the mug, whilst P02 and P03 would use two small cups as “drops are great only for the 

leakage.” (P02). P02 also mentioned that the already existing representation (the mug) 

was “great for the visualization but put different quantities.”. Additionally, P05 declared 

that “I would use the same mug but it’s a bit tricky because I would have to guess.”. 

Suggestions were also made to change the urge categories to “mild, moderate, severe” 

(N1G) or add “other bladder scales: unable to hold on.” (MC1G). 

The record leakage screen generated a few comments. Only P03 and P06 suggested 

adding coughing and sneezing in the activities drop-down menu. MC1G would also 

change the activities category to “standing (e.g., cooking), sitting, laying down, walking, 

and intense physical activity.” 

Full agreement was achieved with regards to the fluid intake reminder. The quantity of 

liquids, however, generated mixed answers. Whilst three healthcare professionals agreed 

with the quantity suggested, a nurse mentioned it should be based on the user’s weight: 

“It depends on the body weight.” (N1G). Similarly, P06 commented that “I think the 

quantity is based on weight and what you are eating. It's difficult to monitor, users should 

firstly enter their weight.”. According to healthcare professionals, the reminder should 

specify to drink the fluids throughout the day: “Suggest drinking it throughout the day, 

not all at once.” (N2G). The nurses suggested sending the reminder around the main 

meals of the day but with the precaution of telling the users not to drink two hours before 

going to bed. End-users also provided mixed answers with regards to time, however, 

without correlating it with the meals as the healthcare professionals did. Whilst P05 

preferred it “once a day and early in the morning.”, P01 suggested “It might be better to 

let me program it - for example, remind me every day at 5 pm.”. Regarding the layout, 

one nurse would change the icon to cups: “I would change to glasses or cups with water.” 

(N3E). Both P05 and P01 suggested changing the colours of the bottle because “orange 

is a bit harsh for me. Maybe replace it with red.” (P05), or because “blue means water 

but red is a warning - I would put the red at the bottom.” (P01). As modality by which 
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the reminder should be sent, simple vibration was selected by two end-users, followed by 

vibration and sound by one end-user and “some noise to suggest importance” by P02. No 

disguise ideas were suggested as the reminder “doesn't say anything about OAB.” (P02).  

Distraction 

Both stakeholder categories agreed with the distractions proposed and no disguise ideas 

were generated: “For the game, there is nothing to disguise because it seems like you are 

playing a normal game. For the non-game, if you have the real urge, you would not care.” 

(P07). Candy Crush, Solitaire44, puzzle games such as crosswords, sudoku, word search, 

or “brain training games, addictive games” (MC1G) were also suggested as other types 

of games that might work as a distraction technique. MC1G also added that “Game should 

focus more on the score and not the time. You want them to look at the game and not at 

the time.”. Similarly, P06 mentioned that “Games would work but the time-based ones 

make you more stressed. When it gets quicker you get more stressed. I like solitaire 

because there is no time limit. You need games with a minimum learning curve.”.  

To help define the potential machine learning algorithm, participants were asked in what 

order they would prefer receiving the distraction techniques, in what location, and for 

how long. Regarding the location (regardless of whether it’s Tetris or 2048), healthcare 

professionals think end-users would mostly play at home (4/4), on the bus (3/4), at work 

(1/4), and in unknown locations (1/4). The home was the preferred location mostly due 

to work constraints as some patients “work at checkouts, in call centres or are teachers - 

some have to ask for permission to go to the toilet.” (N1G). This is similar to Study 1 

findings (Chapter 4, Section 4.1.2, page 61). N2G considers that users would play the 

games at work “only during lunch break”, and N3E that “people won't play it at the 

restaurant or events.”. Similarly, end-users would mostly play the games at home (5/6), 

followed by on the bus (3/6) and last work (1/6). All end-users mentioned the same 

locations for both games apart from P07 who would play Tetris “on the bus because it’s 

easy” and 2048 “at home because it’s more complicated.”. P02 also suggested describing 

how to play the 2048 game. 

Healthcare professionals had different views with respect to how long the games could 

distract a user (regardless of the game): “2-3 minutes” (N1G), “Start with 3 minutes” 

(N2G), or “Between 1 and 10 minutes.” (MC1G). All end-users also provided different 

 
44 Solitaire, https://en.wikipedia.org/wiki/Patience_%28game%29 
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lengths (from one minute up to 30 minutes), strengthening Study 1 finding that the 

distraction length is individually based (Chapter 4, Section 4.1.2, page 59).  

With regards to the order in which the distraction techniques should be provided, most 

healthcare professionals (3/4) consider that the quick PFM contractions technique should 

be provided first, followed by the brain distraction: “It’s not that it’s more efficient but 

it’s the right order.” (N1G). As other possible distractions, all healthcare professionals 

agreed that multiplications would distract people, followed by naming objects, 

countdown from 100 and games (3/4), and viewing images that trigger happy memories 

(2/4). Whilst all nurses agreed with the countdown method, MC1G stated that 

“Countdown would only increase anxiety.”. Contrary to the healthcare professionals’ 

feedback, 4/6 end-users would prefer using the brain distractions first as an urge 

suppression technique, followed by the quick PFM contractions. Games were chosen by 

all six end-users, followed by countdown from 100 (3/6), multiplications (2/6), naming 

objects, and no screen interaction (1/6). Only two end-users think that the quick 

contractions method would prevent them from going to the toilet.  

Toilet Pass 

Both stakeholder categories agreed with the feature: “I would not be comfortable 

discussing it, especially if there are people around. Just showing the pass on  

the application would make me feel better.” (P07). This is similar to previous research 

findings indicating that people could feel embarrassed discussing sensitive topics and that 

applications can eliminate that discomfort (Sorcar et al., 2017).  

It was suggested to make the feature more official by specifying it is part of a research 

study or by providing a university logo: “something saying it's part of research” (P06). 

Similar to previous findings (Sorcar et al., 2017), regarding terminology, it was suggested 

to change the OAB terminology to “sensitive bladder”, “bladder problems” (N3E) or 

simply mention “This person has medical issues that require the use of a toilet.” (N2G). 

The reason for not specifying the name of the condition is either due to confidentiality 

reasons (N2G), personal preferences: “People might not like it states it's OAB.” (N3E) or 

the fact that “OAB symptoms seems like a medical term.” (P06). Only one end-user 

suggested disguising the feature by having a first screen mentioning: “'For a member of 

staff, this person has a condition, please tap here'. Then they click on a button and 

redirects to your screen.” (P01). 
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Treatment Description 

Both stakeholder categories agreed with the feature and the topics selected. Although the 

information provided was chosen from leaflets and brochures received from healthcare 

professionals taking part in Study 1 (e.g., NHS Greater Glasgow and Clyde), suggestions 

were given on how to improve certain information. Healthcare professionals emphasized 

on providing more information related to the cause of the condition and that a medical 

consult is important. Most comments were on PFM as these muscles are hard to locate 

and it is difficult to do exercises correctly. All healthcare professionals suggested 

providing images or NHS video links on how to correctly do the exercises. Additionally, 

P02 mentioned the feature should also encourage users to consult a doctor if they have 

other symptoms: “That's very important as many don't go because they are embarrassed 

or think they can deal with it.”. 

Regarding the possibility of disguising the feature, two end-users would not want that as 

they do not feel embarrassed. P06 wouldn’t disguise the feature as they “would read it in 

private”, whilst P07 mentioned that “If I have the urge to go to the toilet, I would read it 

irrespective of who is currently around me”. As a possible disguise idea, P02 suggested 

not to put the titles in bold. P01 would add “a secrecy mode where some parts of the text 

get modified.”. This concept would apply to both public and private places as the end-

user “wouldn't want them (family) to know” about the condition. 

Pelvic Floor Muscle Exercises Reminder 

Both stakeholder categories agreed with the reminder. As in Study 1 (Chapter 4, Section 

4.2.3, page 73), mixed feedback was received regarding the number of contractions, the 

time of day when the reminder should be sent, and the modality. Healthcare professionals 

suggested it should not specify the number of contractions and sets as this is determined 

based on internal examination. MC1G suggested making it optional: “You should start by 

asking 'Are you doing PFM exercises? If so, would you like a reminder?'”.  

 

 

 

 

 

 

Fig. 5.19: The two icons proposed for the Pelvic Floor Muscles exercises reminder. 

The icon of the reminder again generated mixed feedback with Fig. 5.19 left being 

preferred by 2/6 end-users, Fig. 5.19 right by again two end-users, whilst the remaining 

two wouldn’t like any icon. 
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With regards to disguise, only P01 suggested “No description, no icon. A simple text 

suggesting "Remember to do exercises!"”. Regarding the modality, P01 mentioned “The 

same as for the fluid intake. Don't send it together with that one because then they receive 

too many at the same time.”. 

Disguise 

As the application intends to take into consideration the social and emotional needs of the 

end-users (Doherty et al., 2000), the disguise option was evaluated only with this 

stakeholder category. Most end-users (5/6) would not want an extra layer of protection as 

“It would only overcomplicate things.” (P02) and “It would be too complicated and if I 

have the urge an extra layer would annoy me.” (P07). Additionally, P06 considers that 

“It's not that sensitive information, it's not a major priority” to protect the application. 

P01 is the only end-user who would like a password to open the application. Regarding 

the main icon, all end-users voted for the same one (Fig. 5.20) as “it's descriptive but 

doesn't offer too much information.” (P01) and did not suggest another one. The same 

icon was voted by 5/10 end-users during the requirements gathering interviews (Chapter 

4, Section 4.2.3, page 74). 

 

 

 

Fig. 5.20: The proposed main icon of the application. 

 

5.3 Design Implications 

The design decisions taken based on Study 1 and literature review findings were discussed 

with ten stakeholders - four healthcare professionals and six people suffering from OAB 

symptoms. Participants agreed with the concepts developed and differences were also 

noticed with regards to some of the findings (e.g., bladder diary, disguise, the order of 

distraction techniques). Figure 5.21 indicates how the design of the application shifted 

from the literature review to Study 1 findings and the second design iteration (Iteration 2 

previously described in Chapter 3, Section 3.2, page 49) based on the feedback received 

from both stakeholder categories (see Appendix 6 for more details). 
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Fig. 5.21: The design of the application shifting from literature review to Study 1 and Study 2 

findings, illustrating how contradictions were noticed (Map, Bladder Diary, and Disguise) and how 

the Disguise feature was no longer implemented. 

The findings from the prototype interviews revealed new needs that the artifact (the 

application) might need to meet and potential new features that might need to be included 

to make the application more suitable. This represents a contribution to knowledge 

(Zimmerman et al., 2007) and an innovative research exploration, in support of the 

Research through Design process. The broad conclusions reached, as follows: 

• There may be competing demands when it comes to an OAB application, e.g., 

security could impede quick access (page 112).  

• Due to privacy issues, certain features should not contain the name of the 

condition they are targeting (page 110). 

• Despite being unpractical and uncomfortable for patients, healthcare professionals 

would still recommend standard diagnosing procedures, e.g., precise urine 

quantities (page 108). 

• Providing suitable features for end-users (e.g., approximations instead of precise 

urine quantities) could increase treatment compliance (page 108). 

• It is important to evaluate the information provided in a mobile health application 

with healthcare professionals to determine whether it is accurate from a medical 

point of view (e.g., PFM exercises reminder information should be based on a 

diagnostic – page 111, treatment information should be accurate – page 111).  

• The physiology of a person should be considered when calculating progress (e.g., 

menstruation can increase the number of voids – page 106, fluid intake quantity 

should be based on weight – page 108). It could be that mobile health applications 

should ask for more detailed demographic information upon launching and adjust 

accordingly.  
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The findings of this study confirm the previous conclusions that were reached (Chapter 

4, Section 4.3, page 79), such as people lacking motivation in adhering to treatment and 

that mobile health applications could be a supporting tool to help people overcome the 

barriers they face in adhering to treatment. Moreover, the findings confirm that mobile 

health applications should not be based purely on literature review findings (it can 

influence the design in an undesired way - e.g., disguise) or on healthcare professionals 

recommendations (e.g., bladder diary urine quantities). 

Based on the feedback collected and the conclusions presented above, the following 

design updates were implemented. 

Settings  

Following the suggestions provided by end-users, the toilet locations list was updated to 

restaurants, bars, coffee shops, shopping malls, hotels, bus, and train stations (page 105). 

Map 

No major improvements were implemented besides limiting the map to only one location 

type displayed at a time and containing the new locations suggested by the end-users 

(page 106). 

Progress  

Based on the feedback received from the participants, the weekly progress representation 

remained the same, e.g., the weeks colour-coded similar to a traffic representation (page 

106). Regarding daily progress, mixed feedback was obtained regarding the icons (happy, 

sad, and neutral – Fig. 5.7, page 96). Therefore, as suggested by both stakeholder 

categories, it was decided to implement only positive icons, generated according to the 

goal. As suggested by the end-users, a description of what the chart represents was also 

added (page 107). No agreement could be found regarding the layout of the rewards and 

the appropriate time to send them (page 107). Participants suggested that the happy icons 

within the detailed progress can be used as positive reinforcement and to display the 

reward only once a target is met. Therefore, it was decided that the rewards should be 

represented by happy icons. 

Bladder Diary   

To be consistent with the fluid intake record screen and as suggested by P02 and P05 

(page 107), the same mug representation was kept for the void representation. To address 

the comments regarding the urine quantity, the quantities displayed on the mug were 
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adjusted to less than 50, 100, 150, 200, and more than 200 millilitres, as per P06’s 

recommendation (page 107). All Bladder Diary applications available on the market 

require precise urine quantities (see Chapter 2, Section 2.2.2 for more details) that forces 

users to urinate in a measuring receptacle, at times even objects in the shape of funnels 

that need to be placed on a toilet (Bladder Voiding Diary iUFlow, 2019). Even though 

nurses emphasized the fact that precise urine quantities are needed otherwise the diary 

would be meaningless to healthcare professionals, MC1G’s recommendation of using 

approximations was implemented (page 108). This was needed to increase compliance 

by avoiding users to void in measuring objects that would become impractical in public 

spaces. Moreover, this was necessary to avoid any participation (Gibbs et al., 2018) or 

emotional distress (Draucker et al., 2009) that are perceived as highly unethical. Using 

more invasive methods of measuring urine, to obtain precise quantities, would have been 

highly inappropriate and unethical. 

The fluid intake reminder layout was also changed (page 108) to indicate users to stop 

drinking two hours before going to sleep (Fig. 5.22). Although P06 suggested that the 

quantity indicated should be based on each individual’s weight (page 108), it was decided 

to not include this. This was to not overwhelm users and because the main aim of the 

reminder was to understand whether it can help people drink an already scientifically 

proven amount of liquids per day. It was also decided to send the reminder only once a 

day, in the morning, and only using the silent modality. As the application also sends a 

PFM exercises reminder, this was necessary to avoid an overload: “Don't send it together 

with that one because then they receive too many at the same time.” (P01). 

 

 

 

 

 

 

 

Fig. 5.22: The Fluid Intake reminder icon before (left) and after (right) the prototype interviews. 

Distraction  

No updates were implemented, as no layout changes were suggested. Since Tetris is time-

based and 2048 not (it doesn’t have a timer), it was clear that further investigations need 
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to be conducted on whether the time feature increases the user’s anxiety or not (as stated 

by healthcare professionals, time-based games can cause stress, page 109). 

Toilet Pass 

Based on the feedback collected from both stakeholder categories (page 110), it was clear 

that the OAB terminology should be replaced and an official Heriot-Watt University logo 

should be included. To also disguise the feature, the text was changed to “This person has 

medical issues that require the use of a toilet. Please allow access!” (Fig. 5.23), as 

previously suggested by N2G. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.23: The Toilet Pass feature before (left) and after (right) the prototype interviews. 

Treatment Description 

As suggested by the healthcare professionals (page 111), changes were made to the 

definitions provided and NHS videos were added. These changes were reviewed by an 

OAB expert, who also acted as an advisor guiding the work in this thesis (Fig. 5.24).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.24: Changes made to the Treatment Description feature to also include videos. 
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Pelvic Floor Muscle Exercises Reminders 

It was decided to allow users to specify in the Settings menu whether they want a 

reminder, when should it be sent, and by what modality (based on the feedback presented 

on page 111). Given the healthcare professionals’ recommendation that the reminder 

should not specify the number of contractions (page 111) and based on P02’s suggestions 

as disguise option: “No description, no icon. A simple text suggesting "Remember to do 

exercises!"”, the notification was designed as simple text.   

Disguise 

The protection and disguise design ideas were re-evaluated during these prototype 

interviews as no agreement could be reached in Study 1 (page 112). In the demographic 

questionnaire that end-users had to complete before the interviews, only two end-users 

expressed concern regarding data protection, because of “Application suppliers being 

hacked and someone hacking into my phone.” (P01) and “Sometimes, if I don't trust the 

provider of the application or think they are asking for permissions that wouldn't be 

expected given the nature of the application.” (P06). However, P01 is the only end-user 

preferring an extra layer of protection such as a password to open the application. All 

other end-users, including P06, wouldn’t as “It would only over-complicate things” (P02), 

“It's not that sensitive info, it's not a major priority” (P06), or “It would be too 

complicated and if I have the urge an extra layer would annoy me.” (P07). Therefore, it 

was decided that no protection and disguise mechanisms would be implemented. 

5.4 Conclusion 

To fulfill Objective 5 (Chapter 1, Section 1.1, page 2), this chapter started by presenting 

the development process of the first Android application prototype, containing the 

following features: 

1. A map indicating the closest toilet from the user’s current location. 

2. User’s progress as scatter and bar charts, goals, and feedback (icons).  

3. A bladder diary and a fluid intake reminder layout.  

4. Distraction techniques such as games (Tetris and 2048) and a non-game (Quick 

PFM Contractions method).  

5. A toilet pass helping users to gain free toilet access in unknown locations. 

6. A treatment description. 

7. Environmental, location, interaction data collection running in the background. 
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The chapter continued with the prototype interviews conducted with healthcare 

professionals and people suffering from Overactive Bladder symptoms. This represented 

a routine activity in support of the Research through Design process. The interviews were 

necessary to address the two main problems identified by this thesis, to answer RQ1, 

RQ2, RQ4, and Objectives 5 and 10 (Chapter 1, Section 1.1, page 1). It was aimed to 

understand if the application is valid from a medical point of view and how can the user 

interface and interaction be improved. Moreover, it was aimed to collect data regarding 

the rewards, PFM exercises reminder and protection, and disguise features, as no 

agreement was met in previous interviews. The chapter concludes by presenting the 

findings and highlighting how these can be taken forward. This represents a contribution 

to knowledge and an innovative research exploration, in support of the Research through 

Design process.  

Contradictions were noticed in comparison with the literature review and Study 1 

findings. One example would be regarding the option to disguise the application. Since 

OAB is perceived as an embarrassing condition (Jamshidi et al., 2011) and people are 

concerned about their privacy and data protection (Birnholtz et al., 2014; Kang et al., 

2016; Woo, 2006), during the requirements gathering phase it was investigated whether 

users would wish to disguise the application. Mixed feedback was generated as some end-

users said they are not embarrassed whilst others would delete the application if 

somebody would find it on their phone. However, end-users taking part in this second 

study would not want any disguise option and would also not want an extra layer of 

protection to not overcomplicate application access, especially when an urge occurs (page 

112). This is similar to previous research findings showing that users find screen locking 

mechanisms to be annoying (Micallef et al., 2015). 

Similar to previous research studies (Cajander and Grünloh, 2019; Doherty et al., 2000; 

McGee-Lennon, 2008; Rajabiyazdi et al., 2017), the findings of this chapter highlight the 

importance of including multiple stakeholders in the evaluation process as inconsistencies 

were noticed between and within the two categories. For example, with regards to the 

bladder diary, whilst all nurses emphasized the importance of having precise urine 

quantities, the medical consultant suggested using approximations (page 108). Regarding 

the distractions, healthcare professionals consider that the quick PFM contractions 

technique should be provided first, followed by brain distraction. Contrary to that, end-

users would prefer using the brain distractions first, followed by the quick PFM 

contractions (page 109). 
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There is a need to differentiate between direct (e.g., end-users) and indirect (e.g., 

healthcare professionals) stakeholders and prioritise requirements accordingly (Cajander 

and Grünloh, 2019; McGee-Lennon and Gray, 2007; McGee-Lennon et al., 2011). 

Stakeholders should negotiate and each stakeholder group should understand the 

perspectives of the other stakeholder groups (Cajander and Grünloh, 2019; Doherty et al., 

2000; McGee-Lennon et al., 2011). Designers should aim to find a balance between 

achieving clinical efficiency and providing an acceptable user experience (McGee-

Lennon and Gray, 2007).  With this in mind, several design decisions were made (as 

presented in Section 5.3) that would consider the emotional and social needs (Doherty et 

al., 2000) of the direct stakeholder category, the people suffering from Overactive Bladder 

symptoms (e.g., use approximations for the bladder diary instead of precise urine 

quantities to avoid urinating in measuring devices). 
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Chapter 6. Short Field Evaluation   
As a routine activity in support of the Research through Design process, this chapter 

describes the short field study conducted with people suffering from OAB to evaluate the 

application developed based on the feedback collected during previous studies. The 

evaluation study was composed of a nine-days field study and two evaluation interviews. 

This was necessary to address the problems identified in this thesis, to answer RQ1, RQ3, 

RQ4, and Objectives 6-10 (Chapter 1, Section 1.1, page 1). This chapter begins by 

presenting the objectives of the study, followed by a few development adjustments that 

needed to be made to prepare the application for field evaluation. Later, the chapter 

presents the structure of the study, the findings arising from the evaluation, and the 

contributions it brings to the HCI field (innovative research exploration in support of the 

Research through Design process). 

6.1 Objective 

This study aimed to (1) understand any outstanding usability issues regarding the 

application, before a long-term deployment (Objectives 6 and 9, Chapter 1, Section 1.1, 

page 2), (2) collect sensor and interaction data that would help define the machine 

learning algorithm (RQ3 and Objective 8, Chapter 1, Section 1.1, page 2), and (3) 

understand whether using the application in a real-life context has an impact on how users 

view it (RQ3 and Objective 8, Chapter 1, Section 1.1, page 2). Similar to the requirements 

gathering interviews (see Chapter 3, Section 3.1, page 43 for details), it was also aimed 

to understand whether the structure of the two interviews conducted before and after the 

field study would cause any emotional distress in the participants (to fulfill Objective 7, 

Chapter 1, Section 1.1, page 2). 

Standardized questionnaires, such as NASA-TLX, Single Ease Question (SEQ), System 

Usability Scale (SUS), are useful in exploring users’ experiences and attitudes towards 

technology (Müller et al., 2014). The NASA-TLX questionnaire (Hart and Staveland, 

1988) was designed to be used in the laboratory or simulation environments and 

administered while participants perform a task or immediately after (Hart, 2012). It 

contains six questions aiming to measure the mental, physical, and temporal demand 

together with the performance, effort, and frustration level regarding each task. In the 

health area, Micallef et. al (Micallef et al., 2016) successfully used the NASA-TLX 

questionnaire when evaluating a mobile health application for stroke survivors by 
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administering the questionnaire after participants completed specific tasks. Since stroke 

survivors often suffer from various impairments (visual, physical, memory problems, and 

fatigue), the authors decided it would be better to evaluate the application in the 

participants’ homes. The Let me Relax system (Rajanna et al., 2015) is a framework 

composed of a smartphone application and a smartwatch aiming to encourage mental 

wellness. When evaluating it, the authors administered the NASA-TLX questionnaire 

before (to capture individual baseline) and after the user study. Participants were asked 

to use the system for one working day (9 am - 5 pm) and fill in again the questionnaire at 

the end of the working day. Harte et al. (Harte et al., 2017) evaluated the usability of a 

mobile health application for falls risk detection with end-users in the laboratory and 

administered NASA-TLX after completing specific tasks and other scenario-based 

questionnaires (e.g., After Scenario Questionnaire (Lewis, 1991)). Alturki and Gay 

(Alturki and Gay, 2017), when evaluating a fitness application in the laboratory, 

administered the Single Ease Questions  (SEQ) to determine satisfaction and NASA-TLX 

to analyse cognitive load. The SEQ (Fig. 6.1) is a seven-point rating scale to assess how 

difficult users find a task, with one indicating a task was very difficult to conduct and 

seven that it was very easy to conduct.  

 

 

 

 

 

Fig.  6.1: Single Ease Question. 

The System Usability Scale (SUS) questionnaire (Brooke, 1996) is a reliable tool for 

measuring usability. It consists of a ten-item questionnaire with five response options that 

vary from strongly agree to strongly disagree. It was successfully used by Wood et al. 

(Wood et al., 2017) when evaluating the usability of a mobile application for the reduction 

of mental burnout in mental healthcare providers. Micallef et al. (Micallef et al., 2016) 

also used the SUS questionnaire during their controlled field study; the authors also 

administered additional 5-points scale Likert questions (Likert, 1932) before, during, and 

after the evaluation process. Grindrod et al. (Grindrod et al., 2014) also used a qualitative 

assessment of the User Experience and the 5-point scale SUS when evaluating the 

usability of four medication management applications.  

Sensors embedded in mobile phones can provide useful information regarding a person’s 

health status and behavior patterns. By assessing a person’s behavior, social context, and 

environmental exposure, mobile health applications can offer real-time monitoring, detect 
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changes in a person’s health status, and provide real-time interventions (Kumar et al., 

2013). As outlined in Chapter 2, Section 2.2.1, page 23, health applications that adapt to 

the individual and the context (e.g., at home vs at work) proved successful in triggering 

memory recollection and maximize deep thinking in people with episodic memory 

impairment (Lee and Dey, 2008) and in assisting people with various mental health issues 

during treatment (Burns et al., 2011; Puiatti et al., 2011; Rajanna et al., 2015). During this 

Ph.D. earlier studies (Chapter 4, Section 4.1.2, page 59), it was discovered that the OAB 

treatment is revised within broad parameters based on each individual’s needs (e.g., 

length of time slot between voids). Moreover, it was highlighted that location plays an 

important role in the success of the distraction technique (e.g., users would not play a 

game at work). This indicated that an initial setup of data capture was required and that 

some form of machine learning might be useful for the application. Therefore, as 

explained in Chapter 5, Section 5.1, page 91, a secondary purpose was to collect 

preliminary sensor data, to help define the details of the potential automated algorithm. 

The algorithm would aim to offer a high level of personalization by tailoring the user’s 

experience and interaction with the application based on their surroundings and needs. 

Basic sensor data and location (accelerometer, light45, sound46, WIFI, physical activity), 

together with bladder diary data (fluid intake, number of voids, and leakages) was 

collected during this short field study. As described in Chapter 5, Section 5.1, page 91, 

based on the suggestions made by Micallef et al. (Micallef et al., 2015), the sound and 

light data were collected to determine the ambiance, the Wi-Fi to determine location, and 

accelerometer to determine motion. To avoid battery consumption issues, data was 

collected every five minutes (Micallef et al., 2015). 

In the first stage of the evaluation process, Micallef et al. (Micallef et al., 2015) collected 

sensor data for one week and found differences between weekdays and weekends. 

Therefore, they recommend undertaking a study that lasts at least a week (preferably 9-

11 days) and collects weekday and weekend data. In the health area, Tsai et al. (Tsai et 

al., 2007) evaluated a mobile phone application for monitoring real-time caloric balance 

during a one-week field study with six participants and a one-month long field study with 

15 participants. When evaluating an application for older adults with age-related macular 

degeneration, Hakobyan et al. (Hakobyan et al., 2015) conducted a preliminary seven 

days evaluation study before carrying on with a six-weeks longitudinal field one. Given 

the recommendations from previous research and the algorithm developed by Micallef 

 
45 Illuminance - Recommended Light Level, https://www.engineeringtoolbox.com/light-level-rooms-d_708.html 
46 Comparative examples on noise levels, http://www.industrialnoisecontrol.com/comparative-noise-examples.htm 

https://www.engineeringtoolbox.com/light-level-rooms-d_708.html
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(Micallef, 2015), this evaluation study was conducted for nine days (see Chapter 5, 

Section 5.1, page 91 for more details). 

6.2 Procedure 

The study was composed of three phases, as also described in Chapter 3, Section 3.2, 

page 52. Before commencing the study, participants received an information sheet, a 

consent form, and a demographic questionnaire, similar to the paperwork distributed in 

Chapter 4 – Appendix 1.2 and 1.3. The demographic questionnaire was updated to address 

privacy concerns users might have with regards to mobile health applications and OAB 

data, as it can be classified as sensitive data. 

Phase 1 - Pre-Study Interviews  

In Phase 1, the application was installed on the participants’ phones during a face-to-face 

or online interview. After the installation process, participants were asked to interact with 

the application by conducting the following tasks:  

Task 1 - Settings: Please set up the following preferences. 

1. Map – select your preferred places where you can encounter a toilet. 

2. Progress – select your goal. 

3. Set up a Pelvic Floor Muscle exercises reminder. 

Task 2 - Map: Please locate the Map feature and perform the following tasks: 

1. Locate the preferred locations that you selected in the settings. 

2. Select one location and inspect the map. 

Task 3 - Distractions:  

 Task 3.1: Please play the first distraction technique indicated (Tetris). 

 Task 3.2: Please play the second distraction technique indicated (2048). 

 Task 3.3: Please read the text in the third technique.  

Task 4 – Bladder Diary: Please locate the feature and perform the following: 

1. Record a fluid intake entry.  

2. Record a void entry. 

3. Record a leakage entry.  

Task 5 – Treatment Description: Please read the information presented.  
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All participants started by undertaking Task 1 as other features (e.g., map) were based on 

the settings options inserted. The remaining tasks (Task 2 – Task 5) were randomly 

distributed. As the features were independent and the application was evaluated as an 

entity, no prior learning situation occurred. Similar to previous studies (Alturki and Gay, 

2017; Micallef et al., 2016; Rajanna et al., 2015), after each task, participants evaluated 

the workload using the standard NASA-TLX questionnaire. As the Toilet Pass feature 

contained only one screen with text and image, the questionnaire was not administered as 

no valuable information would be obtained.  

Administering the NASA-TLX questionnaire involves two steps. Participants are 

presented with a paired combination of the six dimensions to decide which dimension is 

more relevant to the workload (15 paired comparisons in total). The number of times each 

dimension is chosen represents the weighted score. The weighted score is then multiplied 

by the raw score the participant indicated for each dimension. The result is divided by 15 

to obtain a workload score from 0 to 100. However, to reduce the amount of time needed 

to administer the questionnaire, the weighting step is generally excluded (Cao et al., 2009; 

Hart, 2012; Moroney et al., 2003). Therefore, as it is time-consuming, the use of 

weighting scales was also omitted in this study.  

The Emotion Wheel by Baillie et al. (Baillie et al., 2011) was also used to capture players’ 

emotions regarding the games as this proved successful in previous studies when 

capturing players' emotions towards location-based games. In addition to the NASA-TLX 

questionnaire, the wheel was administered before and after playing the game to 

understand whether this type of distraction had an emotional impact on users. Distraction 

is an important part of the application; although the quick PFM contractions feature is 

only a screen, the wheel and the NASA-TLX questionnaire were still provided to properly 

evaluate this technique.  

It was also important to understand how participants felt during the interview. Therefore, 

similar to the requirements gathering co-design interviews (see Chapter 4, Section 4.2.2 

for details), two additional emotion wheels were administered – one before and one at the 

end of the interview. For each wheel, participants were asked to provide primary and 

secondary emotions, as previously suggested (Baillie et al., 2011). 

Phase 2 - Ongoing Study 

The second phase was a nine days field study in which participants interacted with the 

application in an uncontrolled environment. The aim was to determine whether the real-

life context has an impact on how users view the application.  
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Participants were only asked to fill in the Bladder Diary for the first three days. This was 

necessary to determine the user’s bladder habit and adjusted the application based on the 

profile generated (e.g., fluid intake reminder). In parallel, participants were asked to use 

the Distractions whenever they felt the urge to urinate. In the absence of the machine 

learning algorithm, participants had to select the desired distraction. In the background, 

the application collected and uploaded to a server environmental and location sensor data 

and application interaction data (e.g., how many times the users accessed a feature, at 

what time, for how long, and in which location) as described in Chapter 5, Section 5.1, 

page 92. This was necessary to help define the potential machine learning algorithm that 

would offer an increased user experience.  

To collect additional feedback, participants were asked to complete the Single Ease 

Question questionnaire (Fig. 6.1, page 121) on the fifth day. The starting day of the study 

was important as participants were asked to fill in the SEQ during the weekend. This was 

chosen to increase compliance as participants would have more free time and would not 

be asked to fill it in at work, surrounded by colleagues. 

Phase 3 - Post–Study Interviews 

After the field study, participants were asked to participate again in a short interview. 

Since it was important to determine whether using the application in the field has an 

impact on the way users perceive the application, the same procedure as in Phase 1 was 

applied. This was necessary to compare the two phases (similar to the Let me Relax 

system (Rajanna et al., 2015)) and the feedback provided with the log data collected 

during the study. Additionally, participants were asked to fill in the SUS questionnaire 

and answer 5-points Likert scale questions regarding the features and the study (Appendix 

3.2). The questions aimed to understand whether participants were satisfied with the 

features, their functionality, and whether it motivated them to adhere to their self-

managed treatment. At the end of the interview, the application was uninstalled from the 

participants’ phones.  

6.3 Development Updates 

Before commencing the study, a few code adjustments needed to be made so that the 

application could provide real-time data to users for nine days.  
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Fluid Intake Reminder 

The fluid intake reminder was designed for users not drinking the right amount of 1.5 L 

of liquids per day (Fig. 6.2). Based on the data inserted in the bladder diary, the reminder 

was developed to be automatically generated on the third day of the study (if users did 

not drink 4.5L of liquids during those three days).  

 

 

 

 

 

 

 

 

 

Fig. 6.2: The fluid intake reminder displayed on a smartphone’s screen. 

The notification was developed based on the Android Notifications Design Guide47, using 

the NotificationCompat48 APIs from the Android support library (Appendix 3.1, Fig. 5.1). 

After the third day, the reminder was developed to be generated daily using the 

AlarmManager49 class, an Android class that allows certain application software to run 

at a specific time, even when the application is not running (Appendix 3.1, Fig. 5.2).   

Pelvic Floor Muscle Exercises Reminder  

Starting with API 21, Google introduced two new privacy aspects (visibility and priority) 

regarding notifications, that were not available at the time the requirements gathering 

(Chapter 4) and prototype interviews (Chapter 5) took place. The visibility option is split 

into three categories – public, private, and secret - and determines how and when the 

system will reveal the notification, based on the lock screen status. The priority levels 

determine whether the notification will be presented as a heads-up notification or not.  

These new features were additionally implemented to understand how important the 

reminder is for users and whether they have any privacy concerns regarding it. The 

 
47 Notifications Design Guide, https://material.io/design/platform-guidance/android-notifications.html#anatomy-of-a-notification 
48 Create a notification, https://developer.android.com/training/notify-user/build-notification 
49 Schedule repeating alarms, https://developer.android.com/training/scheduling/alarms 
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reminder was implemented using the TimePickerDialog50 class, an Android class that 

allows users to select the time of the day (Fig. 6.3 left). The priority and visibility options 

were implemented using the ListPreference51 class. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.3: Pelvic Floor Muscles Exercises reminder – time selection, modalities (vibration and 

sound), priority, and privacy (visibility). 

The reminder notification was implemented using the same principle as for the Fluid 

Intake reminder (Fig. 6.4). 

 

 

Fig. 6.4: The Pelvic Floor Muscle Exercises reminder notification. 

Progress 

As the progress was displayed for approximately only one week, the weekly progress was 

eliminated as participants would not have been able to view it. As the aim of this nine 

days field study was to evaluate usability and how users perceive features, the detailed 

progress was limited to seven days. 

Automatically detecting whether a person has been to the toilet is not an easy process. As 

described in Chapter 4, Section 4.3,  page 83, an algorithm could be used to detect whether 

a person has had a void based on distraction techniques and accelerometer sensor data. 

However, without direct input from the user, it is not possible to automatically detect a 

leakage. Therefore, it was decided that the progress feature should display only the 

number of voids. Subsequently, with regards to the evening notifications (Chapter 4, 

 
50 TimePickerDialog, https://developer.android.com/reference/android/app/TimePickerDialog 
51 ListPreference, https://developer.android.com/reference/android/preference/ListPreference 

https://developer.android.com/reference/android/preference/ListPreference
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Section 4.3, page 83), only the voids notification was implemented, e.g. “How many voids 

have you had today?”.  

As people do not properly complete diaries (Verbrugge, 1980) and to not overwhelm 

participants, the first three days of the progress were calculated based on the data inputted 

in the diary. In the absence of the machine learning algorithm, the remaining four days 

were calculated based on how much people interact with the distraction techniques and 

an evening notification (Fig. 6.5) asking the number of voids they have had on that day 

(as described in Chapter 4, Section 4.3, page 83).  

 

 

Fig. 6.5: The daily evening notification asking the number of voids in a day. 

6.4 Participants 

Participants were recruited based on the same inclusion criteria as in previous studies 

(Chapter 4, Section 4.2.1, page 63). Additionally, they were asked to own an Android 6.1 

OS smartphone or newer and have a wireless broadband connection.  

Participant Data Collection  

PE1 All data properly collected. 

PE3 Interaction data generated by the application stored but not sensor data. 

PE4 Data collected but with huge gaps. 

PE5 No data collected; the participant stated the application was uninstalled 

accidentally. 

PE6 All data properly collected. 

PE7 No proper sensor data collected (files corrupted). Data from the second 

interview available only. 

PE9 All data properly collected. 

PE10 No data collected. 

PE11 Interaction data generated by the application stored but not sensor data. 

Table 6.1: Technical issues encountered during the usability evaluation study. 

Invitations were posted on social media (OAB Facebook pages, Twitter), and general 

websites such as Gumtree. Flyers were posted around Heriot-Watt University, libraries, 

and leisure centres around Edinburgh City, UK. Emails were also sent to the Pregnancy 
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and Parent Centre, UK, and Edinburgh and Lothian Prostate Cancer Support Group, UK. 

As people were not coming forward, the study was also advertised over BBC Radio 

Scotland. Despite the efforts, only eleven participants agreed to take part; two dropped 

out without giving a reason before the study commenced and nine participants completed 

it. From the nine participants taking part, only six completed all parts of the study. 

Table 6.1 shows a summary of the problems encountered during the data collection part 

of the study. The application was installed on multiple Android OS devices, such as 

Samsung, Motorola, and Huawei. No major problems were encountered with the 

Samsung devices and the sensor data collection worked satisfactorily on these devices. 

Unfortunately, on all other devices, the sensor data collection was not working. Full data 

(including sensor data) was collected from PE1, PE4, PE, and PE9. Interaction data with 

the application and interview data was collected from PE3 and PE11 but no sensor data. 

From PE5, PE7, and PE10 only interview data was collected and their data was discarded 

(due to lack of interaction data it could not be determined whether they used the 

application). Therefore, the results and analysis presented in this chapter only include the 

data from PE1, PE3, PE4, PE6, PE9, and PE11. PE3 and P11 did not complete the SEQ.  

6.5 Findings 

In total six participants took part in this study, three males and three females, age range 

26–66, mean age 54.6. Most participants attended higher education (5/6) and lived with 

a spouse/partner (4/6). Only two participants were employed at the time of the study. 

Most participants (5/6) agreed or strongly agreed that they were confident using a 

smartphone. No participant was aware of other OAB mobile applications available on the 

market and only one was playing games on their smartphone (e.g., mind challenging, 

strategy games). Most participants did not mention any particular privacy concerns 

regarding OAB and mobile health applications in general, apart from data protection: 

“None above those highlighted in press recently, e.g., Cambridge Analytica.” (PE3). Only 

one participant was interested in preserving their privacy: “I use security facilities on my 

phone and am careful as to the applications I use.” (PE9). 

Participants evaluated the usability with a score of 85.8, which classifies as excellent 

(Bangor et al., 2008). This was also reflected in PE11’s comment who stated that “The 

more I used the application, the better. I feel more relaxed about it. It helped me to take 

more control. I'm going to the toilet less, I am less anxious. I now see it's all in my head, 

it's not something physical. I managed to drop two runs to the toilet per day. It helped me 
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make a routine of avoiding going to the toilet, especially by doing the PFM exercises.”. 

All participants would recommend the application to other people with OAB and all 

wanted to be informed when a new version was available. Participants were asked if there 

were any instances in which they wouldn’t use the application. Only two participants 

would not use it when being outside or when interacting with other people, whilst more 

than half (4/6) said there were not any instances as the application “is quite discreet” 

(PE1). This could confirm the design decision previously taken (Chapter 4, Section 4.3, 

page 87) to not include the names of the features on the main screen.  

Settings  

Setting up toilet location  

Phase 1 – Pre-Study Interviews: The overall NASA-TLX score was 11.11/100 (see 

Appendix 3.3, Fig. 5.13 indicating the NASA-TLX scores during Phase 1 and 3, including 

both individual and overall scores), indicating that setting up the toilet locations within 

the Settings menu was easy to do. 

Phase 2 – Ongoing Study: As explained below (Map section), participants did not use 

the map at all during the ongoing study. No interaction was recorded. 

Phase 3 – Post-Study Interviews: The overall NASA-TLX score decreased to 8.06/100 

(see Appendix 3.3, Fig. 5.13), indicating that setting up the toilet locations was trivial. 

Setting up a goal 

Phase 1 – Pre-Study Interviews: The overall NASA-TLX score was 9.86/100 (see 

Appendix 3.3, Fig. 5.14 indicating the NASA-TLX scores during Phase 1 and 3, including 

both individual and overall scores), indicating that setting up the daily voids goal within 

the Settings menu was easy to do. 

Phase 2 – Ongoing Study: Participants did not change the goal set up during the first 

interview during the ongoing study. Therefore, no interaction data has been collected. 

Phase 3 – Post-Study Interviews: The overall NASA-TLX score decreased to 7.64/100 

(see Appendix 3.3, Fig. 5.14), indicating that setting up the toilet locations was trivial. 

Setting up the Pelvic Floor Muscles Exercises Reminder 

Phase 1 – Pre-Study Interviews: The overall NASA-TLX score was 13.06/100 (see 

Appendix 3.3, Fig. 5.12 indicating the NASA-TLX scores during Phase 1 and 3, including 

both individual and overall scores), indicating that setting up the reminder was easy to 
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do. Apart from PE1, all other participants did not have an issue with the notification being 

displayed on the screen when the phone is locked (note: at the time they set up the 

reminder, participants were not aware of how the notification looks like). Apart from PE3 

who set the reminder on a Default level, all other participants considered it important. An 

inconsistency can be noticed regarding PE1 who set the reminder with maximum 

importance but would not like it to be displayed on the screen when the phone is locked. 

Phase 2 – Ongoing Study: Only one participant did not use it: “It doesn’t benefit me.” 

(PE3), and only one participant decided to cancel it “on the second day because I was 

sick throughout the week and wasn’t doing them.” (PE1).  

Phase 3 – Post-Study Interviews: Most participants (5/6) agreed or strongly agreed to 

be satisfied with the reminder and provided lower scores for all NASA-TLX sub-scales 

(overall NASA-TLX score was 10.56/100 – see Appendix 3.3, Fig. 5.12). Based on 

previous design recommendations from end-users (Chapter 5, Section 5.2, page 112) and 

suggestions from healthcare professionals to not specify the number of contractions 

(Chapter 5, Section 5.2, page 111) the PFM exercises reminder was designed as a simple 

reminder to conduct exercises. Confirming this design decision, participants stated that 

the (non-tailored) reminder, as a simple notification to conduct exercises, helped them in 

adhering to their exercise regime: “I think it is a good feature, it was helpful.” (PE11). 

For PE9 it helped “only for a short time – would have preferred an hourly reminder.” 

whilst for PE4 “the whole application made me aware of the exercises and the fluids.”.  

Map 

Phase 1 – Pre-Study Interviews: Almost all participants (5/6) perceived the workload 

of interacting with the map as being acceptable (overall NASA-TLX score 9.31/100 – see 

Appendix 3.3, Fig. 5.3 indicating the NASA-TLX scores during Phase 1 and 3, including 

both individual and overall scores). One reason for this could be the familiarity with the 

Google Maps application, as indicated in the demographic questionnaire. The low score 

could also be because participants interacted with the feature in closed areas without 

having an urge sensation.  

Phase 2 – Ongoing Study: Contrary to the feedback provided in previous studies (where 

all end-users stated they wished to have the map feature – page 82, page 106), participants 

did not use the map at all during the ongoing study. One reason for this might be the fact 

that participants used the entire application for a short time and did not find themselves 
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in a situation where they could use the map. Another reason could be they would prefer 

using the actual Google Maps application. 

Phase 3 – Post-Study Interviews: The overall NASA-TLX score slightly increased to 

10.14/100 (see Appendix 3.3, Fig. 5.3), indicating that using the map was easy to do. 

Despite not using the feature, all participants agreed or strongly agreed on being satisfied 

with it. According to PE11, the actual purpose of the map would be to provide users with 

reassurance in avoiding embarrassing incidents: “Like to know in the back of my head 

there is a toilet.”. Given the fact that participants did not use the feature in real situations, 

the data provided in the SEQ questionnaire was discarded.  

Progress 

Phase 1 – Pre-Study Interviews: As no data was generated by the application, the 

NASA-TLX questionnaire was not administered during the first interview.  

Phase 2 – Ongoing Study: Participants predominantly checked their progress in the first 

three days of the study when they were also asked to fill in the bladder diary. Participants 

checked their progress multiple times per day when they were at home. This is similar to 

previous findings indicating that users would mostly play the games, as a distraction 

method, at home (Chapter 4, Section 4.2.3, page 74 and Chapter 5, Section 5.2.2, page 

109). P4 checked their progress between 4-8 times per day during the first days of the 

study. The participants kept checking the progress constantly up to the 7th day, between 

one and six times per day. Additionally, participants tended to check their progress 

immediately after inputting a void into the diary. This could reflect the fact that people 

like to visualize their progress. However, the number of accesses significantly dropped 

after they stopped having to complete the diary, (from day 4 onwards), when the progress 

was automatically calculated based on distraction techniques usage and the voids 

notification. For example, on the first day, P3 accessed their progress seven times, 

followed by six and nine times during the next two days. Although the progress was 

checked eight times during the 4th day, it dropped significantly to one access on the 5th 

and two accesses on the 6th day. 

Phase 3 – Post-Study Interviews: The overall workload was evaluated as low (overall 

NASA-TLX score 9.72/100), indicating that the information provided was easy to 

understand (see Appendix 3.3, Fig. 5.4 indicating the NASA-TLX scores during Phase 3, 

including both individual and overall scores). Most participants (4/6) agreed or strongly 

agreed to be satisfied with the feature and that visualizing their progress was motivational 
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(5/6). Regarding setting up a goal, all participants strongly agreed or agreed it was 

motivational. Half participants managed to achieve their goal, with two strongly agreeing 

that seeing the happy icons in their progress chart was motivational: “It made me aware 

that I made my target.” (PE4). Only 3/4 participants answered the SEQ, with all three 

indicating it was easy to interact with the feature.  

Bladder Diary 

Phase 1 – Pre-Study Interviews: All participants provided low scores for all sub-scales 

indicating that inputting data was easy to do. The overall NASA-TLX score for inputting 

data into the Fluid Intake screen was 9.03/100 (see Appendix 3.3, Fig. 5.5 indicating the 

NASA-TLX scores during Phase 1 and 3, including both individual and overall scores). 

The same low scores were provided for inputting void (overall NASA-TLX score of 

12.5/100 – see Appendix 3.3, Fig. 5.7) and leakage data (overall NASA-TLX score of 

8.75/100 – see Appendix 3.3, Fig. 5.6). The slightly increased score for inputting void 

data might have been due to the need to approximate a urine quantity.  

Phase 2 – Ongoing Study: All participants completed the bladder diary at home. This 

confirms previous findings indicating that users would complete the diary at home 

(Chapter 4, Section 4.1.2, page 60). Whilst most filled it in only for the three days (P1, 

P4, P6, P9) some participants did it for more days. PE3 filled in the diary on 7/9 days and 

PE11 is the only participant who filled in the diary throughout the entire nine days. These 

are also the participants who engaged more with the games. This could confirm previous 

findings stating that Bladder Diary completion is a good indication of how well people 

adhere to treatment (Chapter 4, Section 4.3, page 79) and that electronic diaries might be 

a suitable way of collecting symptom data (Tsai et al., 2007). For most participants, the 

accuracy of the data inserted was questionable as the timings for inputting fluid and void 

data coincide, indicating it was not in real-time: “I strongly agree it's difficult 

remembering to input data. I did best on my routine days but during weekends is different. 

It's hard to remember to record something natural and not a big event.” (PE11).  

Phase 3 – Post-Study Interviews: As in the first interview, participants evaluated the 

workload (for all 3 sub-feature) as very low. The overall NASA-TLX score for inputting 

data into the Fluid Intake screen decreased to 8.47/100 (Appendix 3.3, Fig. 5.5) and 

8.61/100 for the Void screen (Appendix 3.3, Fig. 5.5), and slightly increased to 9.17/100 

for the Leakage screen (Appendix 3.3, Fig. 5.6). 

Confirming the previous design decision of using urine quantity approximations (Chapter 

5, Section 5.3, page 115), all participants strongly agreed that inputting data into the diary 
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was easy to do and 4/6 also found it easy approximating the urine quantity. This feedback 

is also in line with the one provided in the SEQ (3/4 participants provided values of 6 and 

7). However, two participants decided to use a receptacle to measure the urine quantity: 

“I measured it on the first day to get an idea.” (PE4), “I used a mug out of interest when 

I was at home. But I agree it would be difficult without a mug.” (PE6). Only two 

participants were not drinking the right amount of fluids per day and received the fluid 

intake reminder. Among them, one mentioned it did help them drink a proper amount of 

fluids per day. This confirms the previous design decision to use a non-tailored reminder 

that recommends an already scientifically proven amount of liquids to be consumed per 

day and to exclude the user’s weight (Chapter 5, Section 5.3, page 115). 

Distractions 

Confirming the previous design decision of using distraction techniques such as games 

and quick PFM contractions (Chapter 4, Section 4.3, page 83), the feature received 

positive feedback from the participants taking part in this field study. PE6 and PE11 

appreciated the games, mentioning that “The games helped me.” (PE11) and that “Now I 

found I can distract myself - not totally, but I can take my mind out of the urge and go 

continue with other things.” (PE6). However, as explained below, not all participants 

actively engaged with the games. This could be due to the fact that not all participants 

were familiar with the concept of distracting themselves. Additionally, it could be due to 

the complexity of the games (see below - pages 135 and 138). However, this would 

contradict previous findings that people would like “difficult to do, addictive” games, that 

“make your brain work hard” as a distraction technique (Chapter 4, Section 4.2.3, page 

74). To overcome this, the application might need to send digital nudges to prompt people 

to engage with the distraction techniques.  

Participants mostly interacted with the distraction techniques at home. This confirms 

previous findings indicating that users would mostly play the games at home (Chapter 4, 

Section 4.2.3, page 74 and Chapter 5, Section 5.2.2, page 109). As during previous studies 

(Chapter 5, Section 5.2.2, page 109), questions were asked to collect data that could help 

define the algorithm (e.g., timings). Participants were asked for how long they would 

need to play a game to distract themselves from going to the toilet. Half participants 

answered 1-2 minutes, one participant would need 4-6 minutes, one 3-4 minutes, and one 

8-10 minutes. Additional comments were also provided. PE3 mentioned that “When I 

have a strong urge, I would say 3-4 minutes. It's difficult to define when the urge starts. I 

played 25 min Tetris on the first day when I had a sensation, but it wasn't a constant 
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urge.”. All participants thought the time length depends on the location. PE1 would need 

less time when at work “at work I would need less, like 3-4 minutes.”, whilst PE4 would 

need “Home less, longer outside.” PE11, on the other hand, would be “More confident in 

using the distractions when at home or work.” Participants also suggested additional 

games such as Packman (PE1) or “make words from letters.” (PE11). PE4 would not like 

to have any games as a potential distraction technique “I don’t have time to distract 

myself. No games. There are too many other things that would distract me.”. 

2048 

Phase 1 – Pre-Study Interviews: Participants were asked to fill in an Emotion Wheel 

before playing the game. As shown in Fig. 6.6 left, all participants provided positive 

emotions, mostly in the Very Passive–Very Positive quadrant.  

After playing the game, participants provided high scores in almost all sub-scales of the 

NASA-TLX questionnaire (overall NASA-TLX score was 38.19/100), especially for the 

mental demand sub-scale, e.g. 57.5/100 (see Appendix 3.3, Fig. 5.8 indicating the NASA-

TLX scores during Phase 1 and 3, including both individual and overall scores).  

Although it was perceived as mentally demanding, only three participants mentioned 

potential emotional distress after playing the game. A change in emotions can be seen for 

two participants who both provided negative emotions after playing the game (Fig. 6.6 

right). Although this can be observed in only 2/6 participants, 2048 might cause some 

negative emotions in the people playing it. PE6, PE9, and PE11 were the three participants 

providing high NASA-TLX scores for the Frustration sub-scale after playing the game 

(40/100, 35/100, and 90/100). PE6’s and PE11’s emotions in the Emotion Wheel after 

playing the game are in line with the score provided in the NASA-TLX. PE9, on the other 

hand, was inconsistent, providing positive emotions.  

 

Fig. 6.6: Emotions provided before (left) and after (right) playing 2048 during Phase 1. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 
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Phase 2 – Ongoing Study: Not all participants actively engaged with the game. PE3 did 

not play at all and PE1 played the game four times but only on the first day of the study 

(the longest duration was approximately eight minutes whilst the shortest was 

approximately one minute). PE6, on the other hand, was more interested in playing the 

2048 game and played it in 8/9 days of the study, multiple times per day (the maximum 

time spent on playing the game was 41 minutes and the minimum was 5 minutes). 

Participants mostly played the game when at home. In the SEQ questionnaire, PE6 

provided a 5 when being asked how easy it was to play the game, PE9 a 3, and PE1 a 7.  

Phase 3 – Post-Study Interviews: Although a decrease can be observed, the overall 

NASA-TLX score was 32.36/100 (see Appendix 3.3, Fig. 5.6). As during the first 

interview, a high score was provided for the mental demand subscale (49.17/100), 

indicating that 2048 could be a potential brain distraction. As in the first interview, the 

same three participants (PE6, PE9, and PE11) provided high scores for the frustration 

scale (e.g., PE9–90/100). It is worth mentioning these are the participants who also 

engaged more with the games during the ongoing study.  

 

Fig. 6.7: Emotions provided before (left) and after (right) playing 2048 during Phase 3. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 
appeared as a secondary emotion. 

 

As indicated in Fig. 6.7 left, participants provided positive emotions before playing the 

game, predominantly in the Very Passive – Very Positive quadrant. Only PE6 provided 

mixed emotions (Frustrated and Pleased). After playing the game, participants provided 

emotions in all four quadrants (Fig. 6.7 right), indicating that 2048 might cause some 

mixed emotions. Although PE6 changed their primary negative emotion to a positive one 

after playing the game, two other participants changed their positive emotions before 

playing to negative ones after playing: “It's not easy. I enjoyed playing this one but it's 
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again frustrating.” (PE9). The scores provided in the Frustration domain are in line with 

the emotions provided in the wheel. 

The 2048 game met with the same approval as Tetris, and all participants strongly agreed 

and agreed to be satisfied with the game. As for Tetris, PE4 added “Not for me, I couldn't 

be bothered. Once I knew how to play it, it was easy.” 

Tetris 

Phase 1 – Pre-Study Interviews: As shown in Fig. 6.8 left, only positive emotions were 

provided before playing the game. The overall NASA-TLX score was 26.67/100, lower 

than the one provided for the 2048 game (see Appendix 3.3, Fig. 5.9 indicating the 

NASA-TLX scores during Phase 1 and 3, including both individual and overall scores). 

Lower than for 2048, participants provided a score of 35/100 for the mental demand. The 

temporal demand and the level of effort that was required to play the game were marked 

with 31.67/100 and 37.5/100. Participants providing higher scores for the mental demand 

also felt somehow frustrated after playing the game (as per the emotions provided in the 

Emotion Wheel).  

 

Fig. 6.8: Emotions provided before (left) and after (right) playing Tetris during Phase 1. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

A change in the emotions provided (Fig. 6.8 right) can also be observed after playing the 

game. For example, two participants (PE9, PE11) provided mixed emotions (PE11 was 

the participant indicating a change in emotions for both games). Frustrated was the only 

negative emotion provided for Tetris comparing to Frustrated and Annoyed for 2048. This 

could indicate that 2048 might cause higher emotional distress than Tetris, perhaps due 

to its complexity. This was also reflected in the fact that participants provided higher 

scores for the mental demand for 2048 comparing to Tetris. The emotions provided by 



 

138 

PE6 were in contradiction with the scores provided for the last sub-scale of the NASA-

TLX questionnaire (e.g., Frustration).  

Phase 2 – Ongoing Study: As with the 2048 game, not all participants actively engaged 

with Tetris. For example, PE1 played Tetris only during the first four days of the study 

(the longest duration was approximately 16 minutes whilst the shortest was 

approximately 6 minutes). PE4 played Tetris only three times during the study, during 

the weekend, and on the last day of the study (the participant played on average 2 minutes 

and 27 seconds, only at home, in a quiet and bright environment). As for the 2048 game, 

PE6 showed more interest and played the game in 8/9 days of the study, multiple times 

per day (the maximum time spent on playing the game was 47 minutes and 25 seconds 

and the minimum was of approximately 5 minutes; the same score of 5 as for 2048 was 

provided in the SEQ questionnaire). PE1 and PE4 provided a 7 in the SEQ questionnaire, 

whilst PE9 a 2. More interest can be seen in playing Tetris comparing to 2048 by PE11. 

Again, participants played the game predominantly when at home.  

Phase 3 – Post-Study Interviews: Participants provided higher scores for almost all 

domains of the NASA-TLX questionnaire (overall NASA-TLX score was 32.22/100 – 

see Appendix 3.3, Fig. 5.9) which could be due to the familiarity with the game. The 

mental demand subscale was evaluated with a score of 37.5/100, indicating that Tetris 

might also be a potential brain distraction. Only three participants provided high scores 

for the frustration domain, indicating that Tetris could cause some emotional distress 

(score 28.33/100). Most participants (5/6) provided positive emotions before and after 

playing the game, both in the Very Passive–Very Positive and Very Positive–Very Active 

quadrants (Fig 6.9). Only one participant changed their positive emotions before playing 

the game to negative ones after playing the game, stating that: “I found it very difficult. 

This gets me frustrated because I cannot play it at all.” (PE9). As well as during Phase 

1, contradictions were noticed between the scores provided for the frustration domain in 

the NASA-TLX questionnaire and the emotions provided in the Emotion Wheel.  
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Fig. 6.9: Emotions provided before (left) and after (right) playing Tetris during Phase 3. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 
 

All participants agreed or strongly agreed to be satisfied with the game and no participant 

mentioned Tetris caused them any anxiety. This contradicts previous findings stating that 

time-based games can cause stress (Chapter 5, Section 5.3, page 109). PE3 mentioned 

that games do not work for them and PE4 stated that “I’m just not into it”. On the other 

hand, explaining why PE9 played the games only at home is the fact that: “Games helped 

me. But they do not work when I am out and about and walking. Then I need different 

distractions, thinking about something else. When I am walking in the forest I don't 

interact with the phone, it's not practical to use the phone then.” 

Quick Contractions 

Although the technique was a screen requiring no interaction, as distractions were an 

important part of the application, it was essential to also evaluate this feature using the 

emotion wheels and the NASA-TLX questionnaire. The emotion wheels were meant to 

understand whether the distraction causes any emotional distress and the NASA-TLX to 

prove that reading the instructions provided was trivial.  

Phase 1 – Pre-Study Interviews: For the first wheel, most participants (4/6) provided 

positive emotions for both the primary and secondary emotions, with the majority being 

in the Very Positive–Very Active quadrant (Fig. 6.10 left). PE1 and PE6 provided mixed 

emotions (the first emotion being negative and the second one positive). The overall 

NASA-TLX score was 10.14/100, the lowest amongst the three distractions (see 

Appendix 3.3, Fig. 5.10 indicating the NASA-TLX scores during Phase 1 and 3, including 

both individual and overall scores), indicating that reading the instructions did not require 

a high workload. However, a change in emotions was noticed after interacting with the 

technique (Fig. 6.10 right). PE1 who initially provided a primary negative emotion 
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(Tired), changed to a positive one (Satisfied). As in the first wheel, PE6 provided mixed 

emotions. PE7 who initially provided a positive first emotion (Relaxed) changed to a 

negative one (Frustrated). However, given the fact that most emotions were positive in 

the Very Passive–Very Positive quadrant, it can be concluded that the third distraction 

had a positive impact on the participants. No contradictions were found between the 

scores for the frustration domain in the NASA-TLX and the emotions provided. 

 

Fig. 6.10: Emotions provided before (left) and after (right) interacting with the quick contractions 

distraction during Phase 1. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 
appeared as a secondary emotion. 

Phase 2 – Ongoing study: Participants predominantly accessed this technique at home. 

PE11 accessed this technique on 6/9 days of the study and stated: “The most successful 

in terms of, let's say discreet and less time required. It's quite efficient for me.”. The 

technique was introduced based on the recommendations received from healthcare 

professionals, confirming the previous conclusion reached that it is important to evaluate 

a mobile phone application with healthcare professionals to determine whether it is valid 

from a medical point of view (Chapter 5, Section 5.3, page 113). PE4 accessed this 

technique only on the second day and PE6 accessed it towards the end of the study, on 

the seventh and ninth day. PE1 and PE3, on the other hand, did not access this feature at 

all during the study. As for the SEQ questionnaire, most participants (3/4) indicated it 

was easy to interact with the method (e.g., PE7 and PE4 – 7, PE6 – 6).  

Phase 3 – Post-Study Interviews: During Phase 1, participants provided low scores for 

all sub-scales, indicating that reading the instructions did not require a high workload. 

However, after being familiar with the technique, the overall NASA-TLX score increased 

to 15.42/100 (see Appendix 3.3, Fig. 5.10), remaining the lowest amongst the three 

distractions. This could be due to the fact participants were simulating doing the 

contractions in real life and not thinking of evaluating the feature (e.g., the effort score 

was 18.33/100). As shown in Fig. 6.11, before interacting with the technique, most 
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participants (5/6) provided positive emotions for both the primary and secondary 

emotions (the majority being in the Very Positive – Very Passive quadrants). After 

interacting with the technique, participants provided again most emotions in the Very 

Passive – Very Passive quadrant. A change in emotions from negative to positive can be 

seen at PE3 and from positive to negative at PE6.  

 

Fig. 6.11: Emotions provided before (left) and after (right) interacting with the quick contractions 

distraction during Phase 3. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 
 

Toilet Pass 

Phase 1 – Pre-Study Interviews: As the feature contained only a screen with text and 

image, the NASA-TLX questionnaire was not administered as no valuable information 

would be obtained.  

Phase 2 – Ongoing Study: Participants did not use the feature at all in unknown places, 

although it has been accessed by multiple participants during the ongoing study. This 

contradicts previous findings (Chapter 5, Section 5.2.2, page 110) and suggests the fact 

that design decisions taken in the laboratory do not always stand in real life (Kaikkonen 

et al., 2005). For example, PE4 and PE6 accessed it when at home and for a few seconds 

which implies that it was accessed either by mistake or to remember what the feature 

contains. PE6 accessed the feature for only two seconds during the night whilst at home. 

Given the fact that participants did not use the feature in unknown places, 3/4 answered 

with Not Applicable in the SEQ questionnaire.  

Phase 3 – Post-Study Interviews: As in Phase 1, the NASA-TLX questionnaire was not 

administered. When being asked how satisfied were they with the feature, three 

participants strongly agreed and three did not provide an answer: “Not applicable but it 

might be useful. I have a card in my wallet, but I would use that one first.” (PE3). 
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Although no data regarding the toilet pass was collected during the ongoing study, PE1 

mentioned that they used the feature and toilet access was allowed at a restaurant. 

Treatment Description 

Phase 1 – Pre-Study Interviews: The overall NASA-TLX score was 8.33/100 (see 

Appendix 3.3, Fig. 5.11 indicating the NASA-TLX scores during Phase 1 and 3, including 

both individual and overall scores), perceiving the workload as low.  

Phase 2 – Ongoing Study: Participants accessed this feature several times during the 

ongoing study and all the information provided was read. PE1, PE4, and PE9 provided 7 

in the SEQ questionnaire, meaning they found it easy to read the information provided. 

Phase 3 – Post-Study Interviews: In comparison to the first interview, the overall 

NASA-TLX score increased to 13.06/100 (see Appendix 3.3, Fig. 5.10), with the effort 

and temporal demand subscales receiving the highest scores (16.67/100, 17.5/100). This 

could indicate that participants might not have found the instructions easy to read, 

although the information provided was selected from leaflets and brochures received from 

healthcare professionals (see Chapter 5, Section 5.2.2, page 111 for details). All 

participants strongly agreed or agreed to be satisfied with the feature and with the 

information provided. During Study 2 (Chapter 5, Section 5.2.2, page 110), it was 

suggested to improve the PFM information by adding videos on how to correctly do the 

exercises. However, only one participant watched the two videos although the PFM 

information was accessed by multiple participants. This could relate to the fact that 

people, in general, have been found not to read manuals and instructions (Maunier et al., 

2018; Novick and Ward, 2006). Participants familiar with the exercises did not watch the 

videos: “I didn't watch the videos as I am already doing them. Maybe to refresh but after 

three years I think I'm doing them right.” (PE4) whilst those unfamiliar with the condition 

complained the videos were too gender-specific: “nothing about men.” (PE6). 

Notifications 

Similar to previous studies (Chiu et al., 2009; Micallef et al., 2016), the main purpose was 

to investigate whether the notifications can help people adhere to fluid intake and exercise 

regime. Most participants (5/6) stated that the reminder helped them adhere to their 

exercise regime and 1/2 participants mentioned that the fluid intake reminder helped them 

drink a proper amount of liquids per day. 
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Table 6.2: Notifications received by participants during the short field study. *See page 126 for more 

details regarding the visibility and priority options. 

 

Table 6.2 shows how participants received the notifications during the study. Each 

participant received a minimum of one notification and a maximum of three notifications. 

The fluid intake reminder was triggered only for participants not drinking the correct 

amount of liquids per day (page 126). The notification was displayed during the morning 

(at 9 AM) with no sound and vibration, priority level two, and visibility public. The 

evening notification was mandatory for all participants to calculate the progress and was 

displayed only for four days (page 127). The notification was triggered during the evening 

(at 9 PM) with no sound and vibration, priority level two, and visibility public. As 

illustrated in the table, participants were able to enable/disable the Pelvic Floor Muscle 

exercises reminder and customize the notification (see Fig 6.3, page 127). PE6 is the only 

participant who changed the modalities of the reminder during the study to midday 

(noon), turned off the sound, and reduce the priority to -1. 

Previous research studies indicate that external interruptions such as instant messages, e-

mails, smartphone notifications can affect social interactions and work routines (Cutrell 

et al., 2000; Czerwinski et al., 2004; Moser et al., 2016; Park et al., 2017). Although it 

was not purposefully investigated whether the notifications were seen as interruptions and 

their effect on task completion and social life, participants taking part in the study strongly 

disagreed and disagreed that the notifications received were annoying. PE1 and PE11 

were the only participants employed at the time of the study and received notifications 

outside working hours. The remaining participants were retired or unemployed and 

received the notifications throughout the day, without mentioning any disruptions.  

Machine Learning 

As previously mentioned, the secondary purpose of the study was to collect sensor data 

to build a machine learning algorithm. This algorithm was meant to provide a high level 

of personalization to motivate users to engage more with the application and to help them 
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adhere to treatment. Unfortunately, data from only three participants was properly 

collected which was insufficient to design an algorithm. No pattern could be set between 

the location, environment, and application usage that could help define the algorithm.  

Interview Structure 

Phase 1 – Pre-Study Interviews: Participants provided emotions in all four quadrants 

before commencing the interview (Fig. 6.12 left). The Very Positive-Very Active (e.g., 

Happy, Excited) and Very Passive–Very Positive (e.g., Pleased) quadrants were the 

dominant ones. PE1 is the only participant providing negative emotions such as Frustrated 

and Tired. Therefore, almost all participants (5/6) started the interview with positive 

emotions. At the end of the interview, the same Very Passive–Very Positive and Very 

Positive – Very Active quadrants were the dominant ones for both the primary and 

secondary emotions (Fig. 6.12 right). PE1 who provided both negative emotions at the 

beginning of the interview now provided positive emotions. PE6 is the only participant 

changing the positive primary emotion to a negative one. Given the fact that it is the first 

time participants interacted with the application and took part in such a study, it can be 

concluded that the structure and the content of the study did not affect their emotions. 

 

Fig. 6.12:Emotions provided before (left) and after (right) the interview in Phase 1. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 
 

Phase 3 – Post-Study Interviews: Most participants (5/6) provided positive emotions 

for both the primary and secondary emotions (Fig. 6.13 left). Similar to Phase 1, the Very 

Passive–Very Positive and Very Positive – Very Active quadrants were the dominant 

ones for both the primary and secondary emotions. PE1 is the only participant who 

provided mixed emotions (Relaxed and Tired). The positive emotions could be because 

participants were already familiar with the interview structure and the application. Only 

positive emotions were provided at the end of the interview (Fig. 6.13 right). The Very 
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Passive–Very Positive and Very Positive–Very Active quadrants were again the dominant 

ones for both the primary and secondary emotions. It can be concluded that the format 

and the content of the interview had a positive impact on the participants. 

  

Fig. 6.13: Emotions provided before (left) and after (right) the interview in Phase 3. 
Note: underlined and in bold the number of times the emotion appeared as primary emotion and in italic the number of times it 

appeared as a secondary emotion. 

6.6 Design Implications 

The application designed based on the findings from previous studies has been evaluated 

during a short field study with six people suffering from OAB symptoms. Figure 6.14 

indicates how the design of the application shifted from literature review findings to the 

third and last design iteration (Iteration 3 previously described in Chapter 3, Section 3.2, 

page 51) based on the feedback received from both stakeholder categories. 

Fig. 6.14: The design of the application shifting from Literature Review to Study 3 findings, 

illustrating how contradictions were noticed (Map, Bladder Diary, and Disguise) and how the 

Disguise and Machine Learning features were no longer implemented. 

The findings from the short field study revealed new needs that the artifact (the 

application) might need to meet and potential new features that might need to be included 
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to make the application more suitable. This represents a contribution to knowledge 

(Zimmerman et al., 2007) and an innovative research exploration, in support of the 

Research through Design process. Broad conclusions were reached, as follows: 

• Familiarity with the condition can be an indicator of how much users will engage 

with a mobile health application. Participants not familiar with the condition and 

its treatment, engaged more with the application and were more determined (e.g., 

played the games (page 135, 137, 139)  and filled in the bladder diary (page 133) 

more without being asked to). 

• Games and quick PFM contractions are a suitable distraction technique when 

people are engaged and wish to follow the bladder retraining regime (page 135, 

137, 139). 

• Mobile health applications might need to encourage a certain level of interaction 

(e.g., provide nudges to stimulate engagement – page 134). 

• Lack of interaction does not mean a lack of user need for the function (page 132). 

The actual purpose of a feature might be different than the original purpose it was 

intended for. 

• Automatically calculated functions can lead to reduced interaction with the 

application (page 132).  

• Mobile health applications can provide more than one reminder type (page 142). 

• Context can play an important role in application interaction – it could be that 

users would prefer interacting with applications for sensitive conditions in a 

comfortable and safe environment (e.g., home – page 132, 133, 134). 

The findings of this study confirm previous design decisions and conclusions that were 

reached (Chapter 4, Section 4.3, page 79 and Chapter 5, Section 5.3, page 113), such as 

(1) Bladder Diary completion is an indicator of how well people adhere to OAB self-

managed treatment (page 133) and providing suitable features for end-users (e.g., 

approximating the urine quantity) is useful (page 133). Previous conclusions also 

indicated that the physiology of a person should be considered when setting up certain 

features (e.g., liquid quantity suggested in the fluid intake reminder should be based on 

weight, PFM exercises reminder information should be based on internal examination). 

The findings of this study, however, indicate that generic and non-tailored reminders can 

help increase adherence to exercise regime and in consuming a proper amount of liquids 

per day (page 131, 134).  
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Based on the feedback collected and the decisions arising from previous studies, the 

following design updates were implemented (see also Appendix 6). 

Bladder Diary 

At the beginning of the study, it was decided to automatically save the time when users 

input data into the diary to ease interaction and reduce the number of steps (Chapter 5, 

Section 5.1, page 98). However, from the log data collected it was noticed that 

participants inputted fluid and void data at the same time, indicating that it might not have 

been in real-time (page 133). Given also the feedback received during the study (page 

133), it was decided to include a clock representation so that users can alter the time 

they’ve consumed a drink or had a void. The purpose was to understand whether allowing 

users to manually select the time facilitates the interaction with the diary. 

Treatment Description 

Following P06’s remark that the videos were too gender-specific (page 142), it was 

decided to also include a video illustrating how to do the exercises for men.  

Notifications  

Following the feedback received during this study and the log data collected, it was clear 

that notifications should be sent to encourage users to interact with the distraction 

techniques and the application (page 134). Therefore, it was decided that notifications to 

play the games will be provided. However, since the application already provides PFM 

exercises and fluid intake reminders, and evening notifications, attention needed to be 

given to not overwhelm and annoy users with too many notifications. 

Machine Learning  

As previously mentioned, the interaction and sensor data collected was not sufficient to 

design a machine learning algorithm. However, to confirm previous findings (e.g., people 

mostly interact with the application at home - page 132, 133, 134) and to better understand 

how users interact with the application, the data collection was kept for future studies, 

without providing any customized content based on context analysis. 

Progress 

Although the data collected indicated that automatically calculating the progress might 

be a detriment to application interaction (page 132), no other solution was found in the 

absence of a machine learning algorithm. Therefore, it was decided that for future studies, 
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the progress would still be calculated based on bladder diary data, distraction usage, and 

the number of voids inputted in the evening notification. This was seen as an acceptable 

compromise; the application was later evaluated during a six-weeks field study and asking 

users to complete a Bladder Diary for six weeks was considered overwhelming and 

unacceptable. 

 

6.7 Conclusion  

This chapter presents the short field study conducted with people suffering from OAB 

symptoms to address the problems identified in this thesis and answer RQ1, RQ3, RQ4, 

and Objectives 6-10 (Chapter 1, Section 1.1, page 1). This represented a routine activity 

in support of the Research through Design process. The chapter begins by presenting the 

objectives of the study with people suffering from OAB symptoms, followed by the 

software development adjustments that needed to be made to prepare the application for 

a nine days study. Later, the chapter presented the findings of this study and the 

contributions it brings to knowledge, in support of the Research through Design process. 

During the study, the application collected interaction, environmental, and location data 

as a way of investigating how users interact with the application in real life and also 

understanding their views regarding the application. This is a novel approach of using 

multiple measuring instruments embedded in an OAB application and build the 

evaluation of the application into the application itself. 

Baillie and Schatz (Baillie and Schatz, 2005), amongst others, highlight the fact that both 

laboratory and field studies are needed to properly evaluate a mobile phone application 

as undertaking only one type of study might leave usability issues not discovered. The 

data obtained in this short field study confirms this finding, as problems were discovered 

with the sensor data collection (page 129) and design issues with some features (e.g., 

selecting the time for the bladder diary - page 133) that were not highlighted in previous 

studies.  

Visualizing progress is important for people with OAB symptoms as they wish to self-

track their symptoms. After the first three days, the progress was displayed based on the 

distraction techniques usage and other notifications sent by the application. Therefore, 

participants were not asked to interact with the application that much, leading to a drop 

off in usage (page 132). It may be that the users did not understand or might not have 

liked the progress being automatically calculated. Therefore, it might be that such an 
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application may need to encourage a certain level of interaction by asking participants to 

fill in the diary for a longer period (and automatically engage more with the progress). 

The data collected confirms that games are a suitable distraction technique to prevent 

people from going to the toilet – page 134 (especially for people who engaged with the 

application and wished to follow the bladder retraining regime). However, not all 

participants actively engaged with the games. It was not clear whether users did not play 

the games due to their complexity (for both games participants provided high scores in 

the mental demand sub-scale of the NASA-TLX questionnaire) or because they were not 

familiar with the concept of distracting themselves. Therefore, to get them to play more 

games, participants might need to be prompted to play the games by sending them digital 

nudges. When evaluating the games, contradictions were noticed between the scores 

provided for the Frustration domain of the NASA-TLX questionnaire and the emotions 

provided in the Emotion Wheel. This could be an indication that designers should not rely 

only on the NASA-TLX questionnaire alone when assessing the success of a 

game/distraction and its emotional impact on the players.  

Differences were also noticed with regards to how many minutes participants mentioned 

they need to be distracted for and the time length they played the games. This emphasizes 

the importance of including a machine learning algorithm in a mobile health application 

to properly adjust to users’ needs. 

Several other contradictions were noticed with regards to the feedback provided in other 

studies (e.g., map, bladder diary). In Study 1 (Chapter 3), while both medical consultants 

and people with OAB agreed with the toilet mapping concept, the nurses did not since 

they felt it could ease toilet access, contradicting the purpose of the bladder training. 

Although both stakeholder categories in Study 2 (Chapter 4) agreed with the feature, the 

participants taking part in this field study did not use it (page 131). One reason could be 

due to the short period as participants did not find themselves in a situation where they 

could use the map. However, as mentioned by one participant, the actual purpose of the 

feature could be to provide users with reassurance in avoiding embarrassing incidents. 

The second contradiction noticed was regarding the urine quantities. Whilst nurses taking 

part in Study 2 emphasized the idea that precise urine quantities need to be provided 

otherwise the diary would be meaningless to a doctor, the medical consultant suggested 

using approximations as this would increase compliance. Indeed, participants taking part 

in this field study completed all three days (some even more), and 4/6 participants stated 

that approximating the urine quantity was easy to do (page 133). This suggests the fact 
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that the design decisions taken in the laboratory do not always stand in real life 

(Kaikkonen et al., 2005). 

One way of increasing adherence is by showing progress, providing reminders, and 

allowing users to set goals (Micallef et al., 2016; Paay et al., 2014). The data collected in 

this study shows that these findings also hold for stigmatized conditions (page 132). 

Visualizing progress is important for people with OAB symptoms as they wish to self-

track their symptoms and setting up a goal is motivational. Providing users with happy 

icons whenever the goal is reached was also motivational. Previous research (Matthews 

et al., 2015; Paay et al., 2014) showed the importance of progress and positive feedback, 

such as scores or badges to help people adhere to treatment. However, although linked, 

the two are usually displayed on separate screens. The results collected show that 

displaying the happy icons directly within the progress screen motivates people (see 

Figure 5.7, page 97).  

Confirming previous literature findings (Chiu et al., 2009; Micallef et al., 2016), the 

results show that reminders helped participants adhere to their exercise regime and in 

consuming a proper amount of liquids per day (page 142). Although in previous research 

the reminders were focusing only on one area (e.g., exercise adherence (Micallef et al., 

2016), or lifestyle changes (Chiu et al., 2009)), the data collected shows that having more 

than one type of reminder is not annoying and is successful in helping people adhere to 

treatment (page 142).  

Based on the recommendation received from the healthcare professionals (to not specify 

the number of contractions and sets as this is determined based on internal examination - 

Chapter 5, Section 5.2, page 111) and the disguise option by one of the end-users (Chapter 

5, Section 5.2, page 112), the PFM exercises reminder was designed as a simple reminder 

to conduct exercises. To not overwhelm users with weight calculations, it was decided 

that the fluid intake reminder should recommend an already scientifically proven amount 

of liquids to be consumed per day (Chapter 5, Section 5.3, page 115). The findings of this 

study also indicate that generic and non-tailored reminders can help increase adherence 

to exercise regime and in consuming a proper amount of liquids per day (page 131, 134).  

Based on the emotions provided in the Emotion Wheels during Study 1, it was concluded 

that interviews were a good way of gathering data from people suffering from OAB 

(Chapter 4, Section 4.2.3, page 78). Additionally, the emotions provided during the two 

interviews as part of this short field study, prove that interviews are also a good way of 
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evaluating the usability of a mobile health application with people suffering from an 

embarrassing health condition (page 145). 

Although participants predominantly interacted with the application at home (an 

environment that can be considered comfortable and safe), the data collected shows that 

the application has the potential to raise awareness of symptoms and help people adhere 

to self-managed treatment (page 129). Familiarity with the condition is also an aspect that 

was noticed during this study. Participants not familiar with the condition and its 

treatment, engaged more with the application, and were more determined (e.g., played 

the games and filled in the bladder diary more without being asked to). 
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Chapter 7. Adherence and 

Awareness Evaluation 
As a routine activity in support of the Research through Design process, this chapter 

presents a six-weeks field evaluation study conducted to answer RQ3 and RQ4 and 

address the problems identified in this thesis (Chapter 1, Section 1.1., page 1). The study 

aimed to evaluate if the application can raise awareness of symptoms and help people 

adhere to their self-managed treatment. This chapter begins by presenting the objectives 

of the study, followed by the development adjustments, arising from Chapter 6, that 

needed to be made to prepare the application for long-term field evaluation. Later, the 

chapter presents the findings from the study and their contribution to knowledge, e.g., 

how the findings can be integrated and taken forward to design more useful and effective 

mobile health applications for sensitive conditions (innovative research exploration in 

support of the Research through Design process). 

7.1 Objectives 

As previously mentioned, the OAB self-managed treatment helps people cope with the 

condition and increases their awareness of symptoms (Wilde et al., 2014). The main aim 

of this study was to understand if a mobile phone application, implementing the principles 

of OAB self-managed treatment (Wilde et al., 2014), TO AVOID ALL can help increase 

adherence to self-managed treatment and raise awareness of symptoms. Potentially, this 

could be achieved by providing reminders, allowing users to track symptoms, visualize 

progress, and set goals. Moreover, it could be achieved by providing users with distraction 

techniques to avoid going to the toilet and offer information about their condition.  

Tsai et al. (Tsai et al., 2007) developed an application that allows users to self-monitor 

their caloric balance in real-time and conducted a four-weeks feasibility study with 15 

participants. Paay et al. (Paay et al., 2014) developed an application to help people quit 

smoking and remain non-smokers and evaluated it in the field for three weeks. Hakobyan 

et al. (Hakobyan et al., 2016) evaluated a diet diary application with older adults with 

age-related macular degeneration during a six-weeks longitudinal field study with six 

participants (participants were encouraged to use the application realistically). The 

National Institute for Health and Care Excellence (NICE) recommends that bladder 

training should last for a minimum of six weeks (Warner and Greenwell, 2018). Based 
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on this recommendation and other research conducted in the field of mobile health 

applications (Hakobyan et al., 2016), it was aimed to run the study for six weeks.  

The data collected in Study 3 shows that people like to visualize their progress (Chapter 

6, Section 6.5, page 132). As suggested by the literature (Chapter 2, Section 2.1.2, page 

11) and healthcare professionals (Chapter 4, Section 4.1.2, page 60), another way of 

tracking people’s progress is by using questionnaires. Quality of Life and health 

questionnaires are widely available to understand whether improvement could be seen 

after using an application (Wood et al., 2017). The International Consultation on 

Incontinence Questionnaire Overactive Bladder Quality of Life Module (ICIQ-OABqol) 

questionnaire (Appendix 4.2) is a patient-completed questionnaire that aims in assessing 

the impact of the condition on patients’ lives. It contains 26 questions; the minimum score 

a person can reach is 25 and the maximum is 160, with greater values indicating an 

increased impact on the quality of life. Since the questionnaire should be administered 

every four weeks to track symptoms, it was decided to administer it at the beginning and 

the end of the study.   

The Big-5 Inventory (BFI – 44) (John et al., 1991) is a model used to assess a person’s 

personality based on five dimensions: Extraversion, Agreeableness, Conscientiousness, 

Neuroticism, and Openness. Birk and Mandryk (Birk and Mandryk, 2018) administered 

the 10-item short version of the Big-5 Inventory (BFI-10) (Rammstedt and John, 2007) 

to 250 participants who were asked to customize an avatar in a game aiming to increase 

adherence for breathing exercises. Halko and Kientz (Halko and Kientz, 2010) also 

explored the relationship between personality and health-promoting mobile applications 

by conducting online surveys with 240 participants using storyboards and the BFI-10. 

Orji et al. (Orji et al., 2017) used the same questionnaire on 660 participants and identified 

the fact that people’s personality influences the way they perceive health games and 

gamified systems. The authors highlight the fact that conscientious people tend to be 

motivated by goal setting, simulation, self-monitoring, and feedback while people who 

are more open to experience are more likely to be demotivated by rewards, competition, 

comparison, and cooperation. As discovered in Study 1 (Chapter 4, Section 4.1.2, page 

58 and Section 4.2.3, page 70), people suffering from OAB symptoms avoid seeking 

treatment as they develop coping mechanisms. This practice is also highlighted by Shaw 

(Shaw, 2001) who shows that factors such as personality, group differences, and social 

support play an important role in seeking help and on the impact on the quality of life of 

people suffering from OAB. For example, people with low neuroticism scores and who 
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are introverted were found to respond well to bladder training. Since the BFI-10 proved 

reliable in previous research studies and to not overwhelm participants with the BFI-44 

version containing 44 questions, it was decided to administer the BFI-10 questionnaire to 

collect data regarding participants’ personality and understand whether applications 

designed for sensitive conditions should adapt to the user’s personality. 

7.2 Procedure 

The study was conducted in an uncontrolled environment to assess real-life use and to 

collect as realistic as possible users’ views on the application. To address one of the 

problems identified in this thesis that people do not seek medical help (Chapter 1, page 

1), the application was made available for anonymous download from a Heriot-Watt 

University website as this might encourage people to download the application. The 

website contained information regarding the study, data collected by the application, and 

instructions on how to install it. After installation and allowing all the permissions 

requested, participants were presented with a tour of the application, describing the main 

features and the tasks they were asked to complete (Table 7.1 shows the tasks and 

questionnaires participants were asked to complete during the study).  

Study Week Tasks 

Week 1 Fill in Bladder Diary for the first 3 days and first-week questionnaires. 

Week 2 No task. 

Week 3 Fill in Bladder Diary for the first 3 days. 

Week 4 No task. 

Week 5 No task. 

Week 6 Fill in Bladder Diary for the first 3 days and final-week questionnaires. 
Table 7.1: Tasks required during the six weeks field study. 

Administering questionnaires via smartphone applications is a well-known practice that 

can improve data completeness in comparison to other delivery modes such as paper, 

laptops, or tablets (Belisario et al., 2015; Tsai et al., 2007). As suggested in Study 1 

(Chapter 4, Section 4.1.2, page 60), the progress can be tracked by administrating quality of 

life questionnaires or by repeating Bladder Diaries over certain periods. Given this, during 

the first week, participants were asked to complete the following questionnaires: 

• Demographic Questionnaire - similar to the questionnaire provided at the 

beginning of Study 3 (Chapter 6, Section 6.2, page 123) to capture initial data 

about the users, their smartphone familiarity, and usage – Fig. 7.4, page 158. 

• BIG-5 Inventory Questionnaire – as described on page 153, a standard 

questionnaire to determine participants’ personality. 
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• ICIQ-OABqol Questionnaire - standard questionnaire to determine the severity of 

participants’ symptoms, as described on page 153 (Appendix 4.2).  

In the last week, participants were asked to complete the following questionnaires: 

• Post Study Questionnaire - to understand their experience with the application 

(Appendix 4.1, Fig. 6.11). The questionnaire was composed of 5-points scale 

Likert scales and open-ended questions that aimed to understand whether the 

features and the application helped people adhere to their self-managed treatment 

and made them more aware of their symptoms. 

• System Usability Scale Questionnaire – administered at the end of the study to 

evaluate usability, as during Study 3 (Chapter 6, Section 6.3, page 125). 

• ICIQ-OABqol questionnaire - to evaluate whether participants’ symptoms 

decreased after using the application.  

Participants were also asked to complete a three consecutive days bladder diary during 

the first, third, and sixth week of the study. This was needed to increase engagement with 

the application (see Chapter 6, Section 6.7, page 147 for more details), track participants’ 

symptoms, adjust the Fluid Intake reminder, and their symptoms report. Additionally, 

participants were advised to engage with the distractions whenever they felt the need to 

control the urge to void. 

7.3 Development Updates 

Participants had the option to choose between two application versions: one where they 

would have to complete all the questionnaires requested (called Research Study 

Application) and another one where they would remain anonymous by not completing 

any questionnaires (called Non-Research Study Application). This was needed to confirm 

previous findings showing that people are not embarrassed by their condition and would 

not consider an OAB application as being embarrassing (see Chapter 5, Section 5.4, page 

118 for more details).  

Using the same software methods and functions described in Chapter 5, Section 5.1, and 

Chapter 6, Section 6.3, this section presents the software changes that needed to be made 

to prepare the application for a six weeks trial (also reflected in Appendix 6). As 

previously mentioned (Chapter 6, Section 6.6, page 147), sensor and interaction data was 

still collected during this study to confirm previous findings (e.g., people mostly interact 

with the application at home). 
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Before commencing with the field study, an OAB expert (who also acted as an advisor 

guiding the work in this thesis) revised the application and provided suggestions on how 

it can be improved. As later described in this section, information buttons were introduced 

and the information provided was also updated. Additionally, at their suggestion, the 

name of each feature was introduced below its corresponding icon on the main screen. 

7.3.1 Research Study Application52 

Welcome and Application Tour 

As described in Chapter 3, Section 3.2, page 54, onboarding is the process of introducing 

the users to the application’s features when it launches for the first time. Since the 

application was available for anonymous download, users needed to be presented with 

information about the study, ethical approval, and features (Fig. 7.1). Based on 

Welcoming Screens53 tutorials, the four screens were built as a layout (Appendix 4.1, Fig. 

6.1) and launched immediately after installing the application. 

 

Fig. 7.1: The welcome slides launched when the application was installed. 

Once the user accepted the research study conditions and pressed on GOT IT (Fig. 7.1 

right, bottom right corner), the user was redirected to the main application where they 

firstly needed to accept the Android Permissions (as mentioned in Chapter 3, Section 3.1, 

page 48 and Chapter 5, Section 5.1, page 93) imposed by the OS (Appendix 4.1, Fig. 6.2). 

 
52 The entire software application can be found at the following GitHub repository: 
https://github.com/AnaMariaSalai/HOLDi_Research-Study 
53 Android App Introduction Slider – Android Welcome Screen Tutorial, https://www.androidtutorialpoint.com/basics/android-
app-introduction-slider-android-welcome-screen-tutorial/ 
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Fig. 7.2: The application tour showing the Bladder Diary, Progress, and Distractions features. 

Once all permissions were accepted, the user was presented with a tour54 of the 

application (Fig. 7.2 and Fig. 7.3), which summarizes the main features and how they 

should interact with them. Users would move to the next feature in the tour by pressing 

on ‘Got It’ (Appendix 4.1, Fig. 6.3,). 

 

Fig. 7.3: The application tour showing the Map, Bathroom Pass, and Treatment Info features. 

Settings 

Adjustments were made to the Settings menu to include the questionnaires that needed to 

be completed throughout the study, as described on page 154. Users were able to insert 

text, using the EditTextPreference class or to select an entry from a list of values, using 

Spinners (Fig. 7.4).  

 
54 Using Material Showcase view to tutor users in Android app development, https://steemit.com/utopian-io/@andrixyz/using-
material-showcase-view-to-tutor-users-in-android-app-development 

https://steemit.com/utopian-io/@andrixyz/using-material-showcase-view-to-tutor-users-in-android-app-development
https://steemit.com/utopian-io/@andrixyz/using-material-showcase-view-to-tutor-users-in-android-app-development
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Fig. 7.4: The questionnaires that needed to be completed during the six weeks field study (detailed 

view of the entire Demographic questionnaire). 

Given the new GDPR that were adopted by the European Commission (“General Data 

Protection Regulation,” 2018), a new section was introduced in the Settings Menu 

describing the privacy policies adopted (Fig. 7.5). This was developed using the Dialogs 

concept. The feature description has also been revised and adjusted to reflect the new 

study and application changes (Appendix 4.1, Fig. 6.4 and 6.5). 

 

Fig. 7.5: The ethics section describing how the application complies with the GDPR. 

Distractions 

At the suggestion of an OAB expert, small adjustments were made to the main screen of 

the Distractions feature to include an information button (Fig. 7.6 middle). When clicking 

on the button, the user was redirected to a screen (Fig. 7.6 right) containing more 

information regarding the urge and how to control it. From the information screen, users 

could also be redirected to the Settings menu to set up a PFM exercises reminder (Fig. 

7.6 right). The information button was implemented as an ImageView. 
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Fig. 7.6: The Distractions feature during Study 3 (left) and the adjustments made to prepare the 

feature for a long-term trial (middle and right). 

Tetris and 2048 

No changes were made to the Tetris and 2048 games. 

Quick Pelvic Floor Muscle Contractions 

Based on the OAB expert’s advice, adjustments were made to the quick PFM contractions 

method so that it would better describe how to react when an urge occurs (Fig. 7.7 right).  

 

Fig. 7.7: The Quick Contractions feature during Study 3 (left) and the adjustments made to 

prepare the feature for a long-term trial (right). 

Bladder Diary 

As for the Distractions feature, at the suggestion of the OAB expert, an information button 

was added to the main screen of the feature (Fig. 7.8 left). The information screen 

provides important information regarding symptoms and the data collected (Fig. 7.8 

middle). From the information screen, users could also be redirected to the Settings menu 

to view their progress report (Fig. 7.8 right). 
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Fig. 7.8: The adjustments made to the Bladder Diary feature to contain more health and data 

storage information. 

To facilitate the interaction with the diary and based on the feedback received in Study 3 

(Chapter 6, Section 6.6, page 147), changes were made to allow users to manually select 

the time they consumed a drink, urinated, and/or had a leakage. Fig. 7.9 shows the Record 

Void screen evaluated during the short field study (left) and the changes made to 

accommodate the design ideas previously suggested by the participants (right). The same 

adjustments were made to the Fluid Intake and Leakages screens (Appendix 4.1, Fig. 6.6).  

 

Fig. 7.9: The adjustments made to the Bladder Diary feature based on previous feedback. 

Progress 

Changes were made to the Progress feature to allow it to be displayed for six weeks 

allowing the possibility of checking past data (Fig. 7.10 left). Rather than using a colour-

coded scatter chart, it was decided that each week should be symbolized by an icon. This 



 

161 

is to consider the feedback received from the end-users during Study 2 that other factors 

can influence the voids (e.g., menstruation - Chapter 5, Section 5.2.2, page 107). 

Therefore, colours might not be a proper way to code the number of daily voids a person 

has. When pressing on the icon, the user would be redirected to their daily progress. The 

progress for the first three days of Week 1, 3, and 6 was calculated based on the data 

inserted in the Bladder Diary. In the remaining days, as in the short field study, it was 

calculated based on the distraction techniques usage and the data inserted in the voids 

notification received every evening (Chapter 6, Section 6.6, page 146).  

To be consistent with the other features, an information button was also added. When 

clicking on the button, the users would be redirected to a screen explaining how the 

progress is calculated. 

 

Fig. 7.10: Adjustments made to the Progress feature to allow it to be displayed for 6 weeks. 

Map 

Starting with 2018, Google made significant changes to Google Play Store (the main 

platform for downloading Android applications) and requested that all new applications 

and application updates would have to target a more recent Android API level55, with 

optimized APIs for security and performance. The application needed to be updated to 

comply with API 25, which meant that also the map libraries needed to be updated to the 

10.2.4 version (Appendix 4.1, Fig. 6.7). This led to a mismatch between the software and 

the new library and it was no longer possible to display the nearest points of interest from 

where the user was located that might have offered toilet access. 

It was, therefore, decided that, when clicking on the Map feature icon (Appendix 4.1, Fig. 

6.8), the user would be redirected to the official Google Maps application (Appendix 4.1, 

 
55 Changes to Google Play Store will require apps to be optimized for newer Android versions, 
https://www.androidcentral.com/google-play-updates-2018 

https://www.androidcentral.com/google-play-updates-2018
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Fig. 6.9). The application would still log how many times the map was accessed, but it 

was no longer possible to identify the location type users searched for. This was needed 

to confirm previous findings suggesting that the main purpose of the map is to provide 

reassurance (Chapter 5, Section 5.2.2, page 106 and Chapter 6, Section 6.5, page 132). 

Subsequently, the list of toilet locations within the Settings feature has also been deleted. 

Treatment Description 

Based on the suggestion made by one end-user during the short field study (Chapter 6, 

Section 6.5, page 142), a video illustrating how to do PFM exercises for men was added. 

Toilet Pass 

No changes were made to the Toilet Pass feature. 

Notifications 

Users received multiple notifications throughout the study (Fig. 7.11). Special attention 

was given to the time when the notification was meant to be triggered (Appendix 4.1, Fig. 

6.10), to not overwhelm participants (Paay et al., 2014). The first bladder diary 

notification (Fig. 7.11 middle) was triggered 15 minutes after the application was installed 

to remind participants to start completing the diary. This notification was again triggered 

on the second and third day and all the other days in the following weeks when the diary 

needed to be completed (as described in Table 7.1, page 154). On the second day of the 

study, participants received the notification to complete the first week's questionnaires 

(Fig. 7.11 left). A similar notification was triggered in the last week of the study to remind 

participants to complete the required questionnaires (SUS, ICIQ-OABqol, and Post-Study 

Questionnaire). To increase their engagement with the distraction techniques, participants 

received a daily notification encouraging them to engage with the feature (Fig. 7.11 right).  

 

Fig. 7.11: Different types of notifications triggered throughout the 6 weeks field study. 

 

Every evening participants received a notification asking them how many times they went 

to the bathroom that day (Fig. 7.12). When clicking on the notification, the user was 

redirected to a screen where they would be able to insert the number of voids, to the best 

of their recollection. This was needed to calculate the progress and understand the 
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difference between how many times they went to the toilet and how many times they used 

the distraction techniques. 

 

 

 

 

 

 

Fig. 7.12: The voids notification triggered every evening throughout the field study. 

7.3.2 Non-Research Study Application56 

The non-research study application contained the same main features as the research 

study one, apart from the questionnaires and the welcoming slides (Fig. 7.13 shows the 

differences between the two applications). The details regarding the study and the Thank 

you voucher were also deleted, as well as the Questionnaires tab from the Settings menu 

(the notifications to complete the questionnaire were also deleted).  

 

Fig. 7.13: The differences between the research (left) and non-research (right) study applications. 

7.4 Participants 

Participants were recruited based on the same inclusion criteria described in Chapter 6, 

Section 6.4, page 128. The recruitment process took place between November 2018 and 

February 2019. Invitations were posted on social media such as OAB Facebook pages 

(10) and Twitter OAB pages (5). Flyers were posted around Heriot-Watt University (10) 

and in 11 other locations in Edinburgh City, UK (nine libraries and two supermarkets). 

Moreover, 26 invitations were sent via email to research contacts, international OAB 

communities, and charities, and other foundations where adults with incontinence 

 
56 The entire software application can be found at the following GitHub repository: 
https://github.com/AnaMariaSalai/HOLDi_NON_Research_Study 
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problems could be members (e.g., University of the Third Age57). Additionally, 

invitations were sent to 26 participants who took part in Study 1 and Study 2 (participants 

were only presented with screenshots and application concepts). This process resulted in 

approximately 83 attempts of recruiting participants, of which research contacts, social 

media, and communities for older adults proved to be successful.  

Despite the recruitment effort, only 12 participants (P1 – P12) were recruited. P1, P3, and 

P4 dropped out during the first week of the study. P8 and P12 previously took part in 

Study 2. Due to technical issues, sensor data was not collected from P6, P7, and P9. 

Interaction data and questionnaires were collected from all remaining participants, apart 

from P12 who dropped out on week four and did not complete the end of study 

questionnaires. Table 7.2 summarizes all the data collected from the participants. Apart 

from P10, all other applications were installed by the participants themselves and did not 

require any assistance. 

Participant Gender Duration Sensor 

Data 

Collection 

Beginning of 

Study 

Questionnaires 

End of Study 

Questionnaires 

P1 F 4 days Yes Yes No 

P2 M 6 weeks Yes Yes Yes 

P3 Not 

supplied 

1 day Yes NA NA 

P4 Not 

supplied 

1 day Yes NA NA 

P5 F 10 weeks No Yes No 

P6 F 6 weeks No Yes Yes 

P7 F 6 weeks No Yes Yes 

P8 F 6 weeks No Yes Yes 

P9 F 6 weeks Yes Yes Yes 

P10 F 6 weeks Yes Yes Yes 

P11 M 6 weeks Yes Yes Yes 

P12 F 4 weeks Yes Yes No 
Table 7.2: Participants taking part in the 6 weeks field study. 

7.5 Findings 

Despite the recruitment effort, only 12 participants (P1–P12) were recruited. All 

participants installed the Research version of the application. The beginning of study 

questionnaires were completed by 10/12 participants, whilst the end of study ones by 7/10 

(not all participants fully completed each questionnaire). P3 and P4 did not complete the 

demographic questionnaire; two participants identified as male and eight as female. Only 

five participants provided their age, age range 34-69, mean age 46. Regarding education 

 
57 University of Third Age, https://www.ageuk.org.uk/information-advice/work-learning/education-training/university-of-the-
third-age/ 
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levels, most participants attended higher education courses (five University and four 

postgraduate studies) and one participant attended intermediate education (e.g. College). 

Most participants lived alone (6/10) and 6/9 were employed at the time they took part in 

the study - 4/6 could take unlimited toilet breaks. Confirming previous findings that OAB 

leads to low work productivity (Jackson, 1997), P7 mentioned that “I had to reduce my 

hours when the job demanded taking one gentleman for three hours walks.”. Only half 

participants played games on their mobile phones such as Scrabble, Candy Crush, 

Lumosity, and Tetris. Participants also preferred simple games such as word games.  

The application’s usability was evaluated with an average SUS score of 74.3, which 

classifies as good (Bangor et al., 2008). Most participants (5/7) agreed or strongly agreed 

that the application made them more aware of their symptoms and helped them adhere to 

their bladder retraining regime. 

Regarding the ICIQ-OABqol questionnaire scores (range 25 – 160, greater values 

indicating an increased impact on the quality of life), although it cannot be claimed that 

the use of the application improved the quality of life of people, an improvement in the 

OAB symptoms and quality of life can be seen for 5/7 participants (P1, P5, and P12 were 

not considered since they did not complete the second questionnaire). A decrease in the 

scores (e.g., from 102 before the study to 72 after the study for P7) indicates an 

improvement. Table 7.3 shows the participants’ scores before and after the study.  

Participant Score Before Study Score Post Study 

P1 134 Not Supplied 

P2 90 122 

P5 134 Not supplied 

P6 89 90 

P7 102 72 

P8 53 48 

P9 91 66 

P10 53 52 

P11 110 104 

P12 68 Not Supplied 

Table 7.3: ICIQ-OABqol questionnaire scores, before and after the study. 

With regards to the 10-items BIG-5 questionnaire, only 8/10 participants fully completed 

it and only 6/8 completed all six weeks. Shaw (Shaw, 2001) states that people with low 

neuroticism and extraversion scores were found to respond well to bladder training. P7 

(75% neuroticism and 13% extraversion) and P9 (13% neuroticism and 50% 

extraversion) were the two participants actively engaging with the application (as 

explained below, both completed all three sets of the bladder diary and P9 played Tetris 

190 times). Their ICIQ-OABqol scores show a reduction in symptoms after taking part 
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in the study (from 102 to 72 for P7 and from 91 to 66 for P9); however, given the limited 

data collected, no conclusions can be drawn. Unfortunately, it was also not possible to 

relate the personality traits with the features’ usage (e.g., progress, distractions).  

Distractions 

Confirming the previous design decision of using distraction techniques such as games 

and quick PFM contractions (Chapter 4, Section 4.3, page 83) and the short field study 

findings (Chapter 6, Section 6.5, page 134), most participants (5/7) were satisfied with 

the distraction techniques. Confirming also previous conclusions (Chapter 6, Section 6.5, 

page 140), participants stated that the quick PFM contractions was the most successful 

technique in helping users to not go to the toilet and in adhering to the regime (5/7). 

Participants also stated that the distraction notification motivated them in interacting with 

the feature, confirming the design decision taken based on short field study findings to 

send digital nudges to prompt people to engage with the distraction techniques (Chapter 

6, Section 6.5, page 134 and Section 6.6, page 147). 

Regarding other distraction methods, P11 would prefer distractions “less electronic-based 

and more real-world” and P7 found that doing housework was another efficient way of 

controlling the urge: “If I was gardening, cooking, ironing, doing housework I would set 

myself another task before allowing myself to go. I also found it helpful to extend the time 

between visits. This demonstrated improvement.”. Only three participants mentioned that 

the distraction techniques caused them anxiety, mostly related to understanding how the 

games work: “Only about learning the game!” (P6). This is similar to short field study 

findings where participants argued about the complexity of the games (Chapter 6, Section 

6.5, page 134). Confirming previous findings (Chapter 4, Section 4.2.3, page 74, Chapter 

5, Section 5.2.2, page 109 and Chapter 6, Section 6.5, page 134), participants mostly 

interacted with the distraction techniques at home. 

2048: Not all participants actively engaged with the game (Fig. 7.14 shows the number 

of days participants played the game each week during the study). Most participants 

played the game only a few times during the first week of the study. For example, P9 

played it only twice. The first time was for six minutes, on the first day of the study, at 

home, in a quiet and dark environment. The second time was again at home58, for 

approximately four minutes. Although P6 indicated in the demographic questionnaire that 

 
58 The same WiFi network to which the smartphone was connected to during day and nighttime on most days. Other locations could 

be determined based on the WiFi network name (e.g., bus, office). All other locations were classified as unknown (Micallef 2015).  
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they play games daily, they only played 2048 for four times during the study, on four 

separate days.  

 

 

Fig. 7.14: The number of days participants played the 2048 game each week. 
Note: Despite this feedback provided in the questionnaires, no interaction data is available for P11. The participant opened the 
feature on the installation day but did not interact with any of the distractions. 

 

Tetris: Participants engaged more with Tetris than with the 2048 game (Fig. 7.15 shows 

the number of days participants played the game each week). The participant engaging 

the most was P9 who played the game 190 times for 39 consecutive days. The interaction 

took place at home, and on only 2/190 occasions outside their home. These two instances 

took place in unknown locations, both loud and very loud, dark but somehow bright (e.g., 

simple orientation for short visits lights), whilst not moving. 

 

Fig. 7.15: The number of days participants played the Tetris game each week. 
Note: Despite feedback provided in the questionnaires, no interaction data is available for P11 and P2. 
 

P1 played Tetris for two days during the first week – on the first day for 14 minutes, in a 

fairly quiet and bright environment, and three more times during the third day, for a 
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minimum of nine minutes and a maximum of 55 minutes. P10 played it only three times 

in the first three days, for a maximum of five minutes and mostly at home.  

Quick Contractions: Although it was stated that the method was the most useful in not 

going to the toilet and in helping them adhere to treatment, not all participants actively 

engaged with the distraction (perhaps because it is just a screen and participants quickly 

familiarized themselves with the technique).  

Similar to the games, participants predominantly checked the technique during the first 

week, with only two participants opening the feature during the second week of the study 

(Fig. 7.16 shows the number of days participants interacted with the feature each week). 

After that, the number of accesses dropped to zero for the remaining weeks of the study. 

P7, for example, accessed the technique five times in four days, at the beginning of the 

first and second week. P9 opened the technique only three times on three separate days 

during the first two weeks, at home, in a quiet and dark environment. 

 

Fig. 7.16: The number of days participants interacted with the Quick Contractions method each 

week. 
Note: Despite this feedback provided in the questionnaires, no interaction data is available for P11 and P2. 

Bladder Diary 

Confirming the previous design decision of using urine quantity approximations (Chapter 

5, Section 5.3, page 115), 4/7 participants agreed or strongly agreed that approximating 

the urine quantity was easy to do. Similar to short field study findings (Chapter 6, Section 

6.5, page 133), inputting data into the diary was seen as an easy process by 4/7 

participants. This can indicate that the design decision to include a clock representation 

so that users can alter the time they consumed a drink or had a void was useful (Chapter 

6, Section 6.6, page 147). The diary report was also seen as useful by 5/7 participants, 
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confirming the design decision of presenting users with a report of their symptoms 

(Chapter 3, Section 3.2, User Profile Section, page 49). 

Despite this fairly positive feedback, participants mostly completed the first two sets of 

the diary, indicating that perhaps they lost interest in completing their diaries after the 

first three weeks (Fig. 7.17). Most participants did not complete the diary in the right 

order (for three consecutive days during the first, third, and sixth week) and data was 

predominantly inserted when at home (confirming short field study findings - Chapter 6, 

Section 6.5, page 133). 

 

Fig. 7.17: The number of days participants interacted with the Bladder Diary feature each week 

(e.g., inserted data into the diary per week). 

The starting day for the study was not imposed, meaning that participants ended up 

completing the diary during both weekdays and weekends. No major discrepancies were 

noticed between the working and leisure days.  

Only two participants (P7 and P9) completed all three bladder diary sets. P7 was the first 

participant to do so, even more than the three days per set asked. In almost all cases, P7 

inserted fluid, void, and leakage data at the same time. In the first week, P7 consumed on 

average eight drinks per day, mostly decaffeinated. This dropped to on average 6.6 drinks 

per day in the third week and 5.6 in the last week of the study. Most of the drinks were 

250 millilitres, indicating that P7 ended up consuming a proper amount of liquids per day 

towards the end of the study. In the first week of the study, P7 had on average nine voids 

per day (both during day and nighttime) with a mixture of slight, strong urge and hard to 

hold on to. In the third week, P7 urinated on average 8.6 times per day (night data was 

not inserted anymore), with the same urge feelings mixture. In the last week of the study, 
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the average number of voids per day dropped to 7.6; no night data with a predominantly 

slight urge and hard to hold on. This can also reflect the lower ICIQ-OABqol 

questionnaire score obtained in the last week.  

Other participants did not engage as much with the feature. For example, in the first week, 

P6 completed 6/7 days instead of only three days. In the third week, instead of completing 

the first three days of the week, they filled out the diary in the last four days of the week. 

The third diary was not completed. In most cases, P6 introduced the data in real-time as 

the timings for inserting fluid, leakage, and void data do not coincide. P10 completed only 

the first set of the diary, for three consecutive days. For approximately half of the data 

inputted, the time for inserting fluid data coincides with the time for entering void data. 

P10 also completed the diary when at home; in only two cases they inserted data when in 

an unknown location and on the bus. 

Progress 

Confirming the literature review (Chapter 2, Section 2.2.1, page 15) and short field study 

findings (Chapter 6, Section 6.5, page 132), most participants (4/7) agreed or strongly 

agreed that visualizing their progress was motivational. Participants mostly checked their 

progress at the beginning of the study and predominantly at home. Most participants (6/7) 

mentioned that setting up a goal was motivational and most (5/6) also agreed or strongly 

agreed that having the goal displayed together with the progress was motivational (see 

Chapter 6, Section 6.7, page 150 for details). The happy icons displayed whenever the 

goal was reached were seen as motivational by 4/6 participants.  

The feature was mostly accessed during the first (119 times), third (59 times), and sixth 

(two times) week when the bladder diary was also completed. In the remaining weeks, 

the usage dropped significantly (five times in the second, one time in the fourth, and no 

access in the fifth week). This confirms the hypothesis arising from the short field study 

findings that automatically calculated features might be a detriment to application usage 

(Chapter 6, Section 6.7, page 147). All participants engaged with the progress feature 

during the first week (Fig. 7.18 shows the number of days participants interacted with the 

feature each week). P10 is the participant who checked their progress the most in the first 

week – multiple times per day in the first five days of the study (30 times in four days), 

mostly at home and immediately after inserting data into the diary. P7 also checked their 

progress 22 times during the first week (daily), mostly after inserting data into the diary. 
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Fig. 7.18: The number of days participants interacted with the Progress feature each week. 

Only three participants checked their progress in the third week of the study. P10 did not 

check it at all, whilst P7 checked it daily 21 times. P6 who checked their progress only 

eight times during the first week, checked it 35 times during the third week. The lowest 

number of accesses for P6 was in the first week (minimum one, maximum four), which 

then raised to nine accesses per day in the third week (minimum three, maximum nine). 

In most cases, the time for checking progress does not coincide with the time of inserting 

data into the diary. P6 also inserted a personal goal (how many voids they would like to 

achieve in a day) in the third week of the study, starting with six and changing to seven 

after two days but did not manage to reach it. 

P6, P7, and P10 are the three participants who engaged the most with the feature during 

this study. P6 accessed it 42 times, P7 48 times, followed by P10 who checked their 

progress 30 times. These are the participants who also actively engaged with the 

distractions and the diary (e.g., P7 completed all three diary sets). P7 was completely 

unsatisfied with the feature and completely disagreed that visualizing the progress was 

motivational. However, the participant accessed the feature 47 times in the first three 

weeks (after inserting data into the diary) and once at the beginning of the sixth week. P7 

also stated that setting up a goal was motivational. 

Map 

Although previous findings (Chapter 5, Section 5.2.2, page 106 and Chapter 6, Section 

6.5, page 131) show that the main purpose of the map might be to provide reassurance in 

avoiding embarrassing incidents, only 3/7 participants taking part in this study agreed 

with this. Similar to the short field study, participants did not use the feature during this 
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field study. Although P11 did not use the feature much as they were “mostly in my local 

area and knew toilet locations”, they found the feature to be “helpful if visiting new 

areas.”. Confirming the literature which states that some people are embarrassed by their 

symptoms (Jamshidi et al., 2011), P7 added that “I'm not sure I would have been brave 

enough to ask to use a toilet by myself. I would either be too desperate, or embarrassed. 

I like to know the exact location of a toilet in a building. Once I've established where they 

are, I'm more confident in using them.”  

Toilet Pass  

Although no participant used the toilet pass, 4/7 strongly agreed to be satisfied with it and 

3/7 strongly disagreed. Similar to the map feature (see above), the toilet pass might have 

a secondary purpose of encouraging people to ask for toilet access in unknown locations: 

“In the end, knowing I had it was very useful. It emboldened me to just ask.” (P9), “I have 

a card already. But if I didn’t have that with me, I would have used it. I used my card to 

access disabled toilet facilities at a gallery in London.” (P11). Embarrassment, on the 

other hand, was the main reason why two participants strongly disagreed with the feature: 

“Too embarrassed.” (P6), “I didn't use it. I didn't consider my problem bad enough to 

allow me to jump a queue and would also have been too embarrassed.” (P7). P10 also 

strongly disagreed to be satisfied with the feature as it can have a negative impact on the 

person using it: “I think this pass makes it sound like you're going to make a mess of the 

person's toilet.”  

Treatment Description  

Although only three participants agreed or strongly agreed to be satisfied with the feature, 

most participants (6/7) agreed or strongly agreed that the information provided was 

useful. P6 accessed the feature 17 times (minimum one, maximum four accesses per day), 

and all the information provided was read (e.g., the urge suppression techniques were 

read ten times). The feature was accessed 14 times by P7 during the first three weeks and 

all the information was read (e.g., tips on how to increase the time between voids was 

read four times).  

Notifications 

As described on page 162, participants received various notifications throughout the 

study. Participants received the fluid intake reminder (if applicable), the evening 

notification, and the optional PFM reminder (similar to Table 6.3, page 141 illustrating 
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the notifications received by participants during the short field study). In addition, 

participants received notifications to motivate them to engage with the application: a daily 

notification to remind them to distract themselves from going to the toilet, a notification 

to complete the Bladder Diary only on the specific days when the diary should have been 

completed, and a notification to complete the other questionnaires also on specific days. 

As during the short field study (Chapter 6, Section 6.5, page 143), it was not investigated 

whether these notifications interrupted participants during their social and work routines 

(Cutrell et al., 2000; Czerwinski et al., 2004). Mixed feedback was provided regarding 

annoyance - 3/7 participants disagreed and strongly disagreed that the notifications 

triggered by the application were annoying, three agreed and one was neutral. This can 

indicate that a slightly increased number of notifications can lead to annoyance.  

Fluid Intake Reminder: Most participants (4/7) found that the reminder helped them in 

drinking a proper amount of liquids per day. This confirms the previous design decision 

of recommending an already scientifically proven amount of liquids to be consumed per 

day and excluding the user’s weight (Chapter 6, Section 6.7, page 150). 

Evening Notification: Only three participants replied to the notification. P6, for example, 

only replied to two notifications, on the same days as completing the diary. For the first 

notification, the number they inserted was equal to the number of voids inserted in the 

diary. However, for the second notification, they specified two extra voids than the ones 

inserted in the diary.  

Pelvic Floor Muscle Exercises Reminder: Validating Study 3 (Chapter 6, Section 6.5, 

page 131, 161) and previous literature findings (Micallef et al., 2016), most participants 

(5/6) agreed or strongly agreed that the (non-tailored) reminder, designed as a simple 

notification, helped them adhere to their exercise regime. Most participants set up the 

reminder to be public, indicating they are not embarrassed, or the reminder was discreet 

enough, validating the design decisions taken from Study 1 and 2 to not implement any 

disguise option (Chapter 5, Section 5.3, page 117).  

7.6 Design Implications  

The application designed based on the findings from previous studies has been evaluated 

during a long-term field study of six weeks with 12 people suffering from OAB 

symptoms. The findings reveal new needs that the artifact (the application) might need to 

meet to make the application more suitable, which can also be applied to other mobile 

health applications for sensitive conditions. Reflecting on the findings reached during 
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previous studies, the following conclusions show how the findings can be integrated. This 

represents a contribution to knowledge (Zimmerman et al., 2007) and an innovative 

research exploration, in support of the Research through Design process. 

Adherence and Treatment 

The literature review and previous studies findings (page 14, 79, 113, 146) indicated that 

• The behavioural changes together with a constant lack of interest and motivation 

are facts that stop patients from adhering to treatment. Better supporting tools, 

however, can help overcome these issues. 

• Hectic daily activities have a negative influence on adhering to treatment.  

• People suffering from Overactive Bladder tend to have their coping mechanisms. 

• Bladder Diary completion is an indicator of how well patients will adhere to 

treatment.  

• Providing suitable features for end-users (e.g., approximations instead of precise 

urine quantities) could increase treatment compliance. 

• Familiarity with the condition can be an indicator of how much users will engage 

with a mobile health application. Participants not familiar with the condition and 

its treatment, engaged more with the application, and were more determined (e.g., 

played the games and filled in the bladder diary more without being asked to). 

• Despite being unpractical and uncomfortable for patients, healthcare professionals 

would still recommend standard diagnosing procedures, e.g., precise urine 

quantities. 

• It is important to evaluate the information provided in a mobile health application 

with healthcare professionals to determine whether it is accurate from a medical 

point of view (e.g., PFM exercises reminder information should be based on a 

diagnostic, treatment information should be accurate).  

• The physiology of a person should be considered when calculating progress (e.g., 

menstruation can increase the number of voids). Reflecting also on the fluid intake 

feedback, it could be that mobile health applications should ask for some 

demographic information upon launching and adjust accordingly.  

• Each step of the treatment is personalized according to each individual’s needs.  

The findings of this long-term field study confirm previous findings regarding adherence 

and indicate that a mobile phone application can be a suitable tool to help people 

overcome the barriers they face in adhering to treatment (page 165).  
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The findings also confirm that people have their own coping mechanisms such as 

reducing working hours (page 165) or develop distraction techniques (page 166). 

This study also highlights there is a connection between engaging with distraction 

techniques and completing a bladder diary (page 166), and that these are an indicator of 

how much a person will engage with an OAB mobile health application.  

Considering the emotional and social needs (Doherty et al., 2000) of the direct stakeholder 

category, the people suffering from Overactive Bladder symptoms, has also proved useful 

(e.g., use approximations for the bladder diary instead of precise urine quantities to avoid 

urinating in measuring devices - page 169). 

The findings of this study also indicate that it is important to evaluate a mobile phone 

application with healthcare professionals to determine whether it is valid from a medical 

point of view. The quick PFM contractions method was introduced based on the 

recommendations received from healthcare professionals and participants declared it was 

the most successful one in helping them control the urge to urinate (page 166). 

Previous conclusions also indicated that the physiology of a person should be considered 

when setting up certain features (e.g., liquid quantity suggested in the fluid intake 

reminder should be based on weight, PFM exercises reminder information should be 

based on internal examination). The findings of this study, however, confirm Study 3 

findings that generic and non-tailored reminders can help increase adherence to exercise 

regime and in consuming a proper amount of liquids per day (page 173).  

Engagement 

The literature review and previous studies findings (page 14, 79, 113, 146) indicated that 

• Mobile health applications might need to encourage a certain level of interaction 

(e.g., provide nudges to stimulate engagement). 

• Lack of interaction does not mean a lack of user need for function. The actual 

purpose of a feature might be different than the original one it was intended for. 

• Automatically calculated functions can lead to reduced interaction with the 

application.  

• Mobile health applications can provide more than one reminder type. 

The findings of this study confirm the decision taken prior to conducting the long-term 

field study and indicate that digital nudges can stimulate engagement (e.g., participants 
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indicated that the distraction notification motivated them to engage with the distraction 

feature – page 166). 

The findings of this study also confirm that lack of interaction does not mean a lack of 

user need for the function. Despite not actively engaging with the quick PFM contractions 

feature, participants stated it is was the most useful in not going to the toilet and in helping 

them adhere to treatment (page 168). The findings also illustrate that the toilet pass feature 

might have a secondary purpose of emboldening people to ask for toilet access in 

unknown locations (page 172).  

This study confirms the hypothesis arising from the short field study that automatically 

calculated features are a detriment to this application usage (page 171). This indicates 

there is a need for new interventions to be developed (see Chapter 8, Section 8.4). 

An OAB mobile health application can provide PFM and fluid intake reminders and 

nudges to engage with the application. However, as indicated in this study (page 173), a 

slightly increased number of notifications can lead to annoyance.  

Contradictions and Inconsistencies 

The literature review and previous studies findings (page 14, 79, 113, 146) indicated that 

• Mobile health applications should not be based purely on recommendations from 

healthcare professionals as important functions could be excluded (e.g., map). 

What healthcare professionals consider inappropriate treatment-wise, end-users 

consider “indispensable”.  

• Mobile health applications should not be based purely on literature review 

findings as this can influence the design in an undesired way (e.g., disguise). 

The application designed in this thesis takes as its starting point the Overactive Bladder 

non-pharmacological therapies. Although these therapies are effective, they require 

motivation and involvement, leading to a dropout whenever improvements are not 

quickly seen (Alewijnse et al., 2002; Burgio et al., 2002; Sussman, 2007). Although the 

literature indicates that the bladder retraining regime should last for a minimum of six 

weeks (Warner and Greenwell, 2018), most participants taking part in the long field study 

engaged with the application in the first three weeks, when they were asked to complete 

the bladder diary. Participants mostly completed the first two sets of the diary  (page 169) 

and mostly checked their progress at the beginning of the study after inserting data into 

the diary (page 170). Most participants did not use the application afterward, which can 

relate to participants not feeling the need to use it, that the treatment might be too long, 
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or the need to investigate different methods of retention to get participants to engage with 

the application for six weeks (see Chapter 8, Section 8.4 for more details).  

Moreover, the findings of this study confirm that contradictions occur between the 

studies. One example would be the toilet pass, which was introduced based on an end-

users recommendation in Study 1 (page 86) and received positive feedback from the 

participants taking part in Study 2 (page 116) and Study 3 (page 141). However, some 

participants taking part in the long field study indicated that the feature could have a 

negative impact on the person using it (page 172). 

Distraction Techniques 

The literature review and previous studies findings (page 14, 79, 113, 146) indicated that 

• A wide variety of distraction techniques is available for the patients, being 

selected based on preferences and needs. These distractions can be categorized as 

social, mental, or physical distractions. 

• Games are a suitable distraction technique when people are engaged and wish to 

follow the bladder retraining regime. 

The findings of this study confirm previous conclusions and indicate that games can be a 

suitable mental distraction when people engage with their self-managed treatment (page 

166). However, too mentally demanding games might cause anxiety (page 166). In 

addition, this study highlights that physical distractions (e.g., PFM contractions) are a 

successful distraction technique in helping people control their urge to urinate (page 168). 

Context 

The literature review and previous studies findings (page 14, 79, 113, 146) indicated that 

• Context can play an important role in application interaction – it could be that 

users would prefer interacting with applications for sensitive conditions in a 

comfortable and safe environment. 

The findings of this study confirm this conclusion as most participants interacted with the 

application when they were at home (page 166, 170). This indicates that designers should 

consider the context when designing an application for sensitive conditions or that 

applications should adapt to the environment (in line with previous literature review 

findings (Dove et al., 2017)).  

Disguise  

The literature review and previous studies findings (page 14, 79, 113, 146) indicated that 
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• There may be competing demands when it comes to an OAB application, e.g., 

security could impede quick access.  

• Due to privacy issues, certain features should not contain the name of the 

condition they are targeting. 

Although the option to disguise the application has not been evaluated in this study, 

participants did not complain or raise any issues. At the suggestion of an OAB expert, the 

name of each feature was introduced below its corresponding icon on the main screen 

(page 156) and therefore, the main screen did not have any disguise option. Moreover, 

participants installed the research version of the application (page 164), indicating they 

were not embarrassed to download and use such an application.  

7.7 Conclusion  

The study described in this chapter investigated the long-term use of a mobile health 

application, designed in collaboration with healthcare professionals and people suffering 

from OAB symptoms, and following OAB protocols and guidelines. This represented a 

routine activity in support of the Research through Design process. The chapter concludes 

by presenting the findings and highlighting how these can be taken forward. This 

represents a contribution to knowledge and an innovative research exploration, in support 

of the Research through Design process.  

As during the short field study, the application collected interaction, environmental, and 

location data as a way of investigating how users interact with the application in real life 

and also understanding their views regarding the application. This is a novel approach of 

using multiple measuring instruments (environmental sensor, location, and interaction 

data) embedded in an OAB application and build the evaluation of the application into 

the application itself. 

Unfortunately, due to recruitment issues, the application was evaluated by a small sample 

size. Therefore, it was not possible to correlate the ICIQ-OABqol and BIG-5 Inventory 

questionnaire scores with the application features.  

Most participants taking part in this study stated that the application made them more 

aware of their symptoms and helped them adhere to their bladder retraining regime (page 

166). Despite this, not all participants actively engaged with the application. One reason 

for this might be the length of the study. The National Institute for Health and Care 

Excellence (NICE) suggests that the bladder retraining regime should last for a minimum 
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of six weeks (Warner and Greenwell, 2018). Most participants taking part in the study 

engaged with the application in the first three weeks, when they were asked to complete 

the bladder diary (page 169, 170). Most participants did not use the application afterward, 

which can also relate to participants not feeling the need to use it.  

The findings of this study show differences between the feedback participants provided 

at the end of the study and the application usage. For instance, there was a difference 

between how many minutes participants mentioned they need to be distracted for at the 

end of Study 3 and the time length they played the games (page 149). Building upon the 

findings from the short field study (inconsistencies were noticed between the scores 

provided for the Frustration domain of the NASA-TLX questionnaire and the emotions 

provided in the Emotion Wheel after playing the games), this difference can also indicate 

that a combination of evaluation tools (e.g., log data, questionnaires, interviews) is 

necessary when determining the impact an application has on its users.   

Inconsistencies were also noticed between the studies. Regarding the map, the findings 

of this long field study contradict the Study 1 (Requirements Gathering Interviews) and 

Study 2 (Prototype Interviews) findings, where all people with OAB symptoms and part 

of the healthcare professionals agreed with the concept. Similar to the Study 3 findings 

(short field study in which participants were asked to interact with the feature), 

participants did not use the feature (page 172). The toilet pass feature was developed 

based on a participant’s suggestion in Study 1 (Requirements Gathering Interviews). The 

findings of this long field study contradict Study 2 (Prototype Interviews) findings, where 

all people with OAB symptoms and healthcare professionals agreed with the concept, and 

confirm the Study 3 findings (Short Field Study), as participants did not use the pass in 

real life (page 172).  This suggests the fact that the design decisions taken in the laboratory 

do not always stand in real life (Kaikkonen et al., 2005). However, similar to the map 

feature (page 172), the feedback collected indicates that the main purpose of the toilet 

pass would be to encourage people to ask for toilet access.   

Validating Study 3 findings, people like to visualize their progress as they predominantly 

checked it after inserting data into the diary (page 170). The data collected confirms that 

setting up a goal, having the goal displayed on the same screen as the progress, and 

providing users with happy icons when the progress is reached is motivational. The 

progress feature was predominantly accessed during the first, third, and last week of the 

study when participants were asked to fill in the Bladder Diary and the progress was 

displayed based on the data inserted. In the remaining days, when the access numbers 
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dropped, the progress was automatically calculated based on the distraction techniques 

usage and the number inserted in the evening notification sent by the application. This 

confirms the hypothesis arising from the short field study that automatically calculated 

features are a detriment to this application usage (page 171). Another difference was 

noticed between the feedback participants provided at the end of the study questionnaires 

and the application usage. P7 mentioned they were completely unsatisfied with the 

progress feature and disagreed that visualizing the progress was motivational. However, 

the participant accessed the feature 47 times in the first 3 weeks of the study (after 

inserting data into the diary) and only once during the sixth week. One reason for this 

could be related to the length of the study, as most participants interacted with the 

application only during the first three weeks, after which they lost motivation. 

Most participants were satisfied with the distraction techniques proposed in the 

application (page 166). Although the quick PFM contractions were successful and useful 

in helping people adhere to treatment, not all participants actively engaged with it during 

this field study. This could indicate that once familiar with the technique, participants did 

not feel the need to access it within the application. Not all participants actively engaged 

with the games proposed in this application, although they stated that the distraction 

notification motivated them in interacting with the feature. According to Kushlev et al.  

(Kushlev et al., 2017), when feeling tense, people are less likely to search for diverting 

tasks such as simple video games, videos, or fun facts, but they are also no less or more 

likely to seek mentally demanding tasks. Considering also the findings of Ploderer et al. 

(Ploderer et al., 2014), a reason for participants not engaging with the games could be the 

complexity of the games (page 166), the fact that they did not find them interactive 

enough, or a wider variety of distractions should be considered (e.g., videos, websites, 

images). Additionally, participants interacted with the application in safe environments, 

such as the home (page 166). Therefore, designers might wish to consider the 

environment when designing distractions for mobile applications. 

Tsai et al. (Tsai et al., 2007) developed an application that allows users to self-monitor 

their caloric balance in real-time and conducted a one-month feasibility study with 15 

participants split into three groups – a paper diary group, an application group with one 

daily prompt, and an application group with three daily prompts. Although the application 

scored highly on usability, participants taking part in both application groups disliked the 

prompts as they no longer needed them once they got in the habit of entering data. 

Participants taking part in this field study mostly completed 2/3 sets of the bladder diary 
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and not always in the right order (page 169). Participants have not been specifically asked 

whether the bladder diary notifications sent throughout this field study motivated them in 

properly completing the diary (page 173). However, since only two participants 

completed all three sets it can be concluded that the reminder notification might not have 

been helpful. This also confirms previous findings showing that people do not like 

completing diaries (Bolger et al., 2003).  

Validating previous design decisions and literature review findings (Micallef et al., 2016), 

most participants taking part in this long field study found that the reminders (designed 

as notifications) helped them in drinking a proper amount of liquids per day and adhere 

to their exercise regime (page 173). Considering the inconsistencies noticed with regards 

to the other notifications triggered by this application (e.g. participants did not reply to 

the evening notification – page 173), this can indicate that users prioritise notifications 

based on their purpose or that they stopped engaging with the notifications once the 

novelty of the application started wearing off. 
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Chapter 8. Conclusion 

This thesis explores the use of a mobile health application to improve people’s experience 

of bladder retraining. Following a Research through Design approach, the research 

conducted in this thesis began with a detailed literature review (Chapter 2), followed by 

a requirements gathering process (Chapter 4). This represented the “grounding” stage of 

the design process proposed by Zimmerman et al. (Zimmerman et al., 2007). Following 

the data collected during the “grounding” stage, the work conducted in this thesis 

continued with a prototype development, representing the “ideation” stage. As part of an 

iterative design process, three design “iterations” were employed in this thesis. The 

“ideation” stage led to the first design iteration later evaluated in Chapter 5. As a result 

of the work conducted and a “reflection” on the data collected, the application was refined 

which led to the second design iteration. This was later evaluated during a short field 

study of nine days (Chapter 6). The feedback collected during this evaluation together 

with a “reflection” process led to the third design iteration which was evaluated during a 

long-term field study of six weeks (Chapter 7). Each chapter presented in this thesis is 

composed of routine design practices and research exploration. The routine research (e.g., 

literature review, interviews) aimed to gather design requirements and evaluate the 

prototypes developed, by placing the artifact center stage. Integrating the findings and 

highlighting how these can be taken forward represents a contribution to knowledge and 

an innovative research exploration, in support of the Research through Design process. 

This chapter begins by summarizing the motivation behind this research. It then presents 

the studies conducted to fulfill the aims and to answer the research questions addressed 

by this thesis. Based on the research conducted, recommendations are made for the design 

of mobile applications for people suffering from a sensitive condition. This chapter also 

highlights the shortcomings of this work and possible avenues of future work.  

8.1 Motivation 

OAB is a common condition that affected 546 million people worldwide in 2018 (Irwin 

et al., 2011). It is associated with impaired quality of life, and reduced work productivity 

(Johannesson et al., 2003), leading to social isolation and depression (Bradway et al., 

2008). The condition remains undiagnosed and undertreated due to embarrassment, the 

misperception of it being an age-related condition, or the lack of knowledge of existing 

treatment. The first-line treatment includes lifestyle changes, PFM and bladder training, 
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incontinence products, and drugs (Nambiar et al., 2018). However, since drugs have side 

effects (oxybutynin causes dry mouth, constipation, blurred vision) (Couture, 2000), 

healthcare professionals are encouraged to suggest non-pharmacological therapies first 

(e.g., lifestyle changes, PFM, and bladder training). These therapies are effective and can 

cure or ameliorate up to 70% of cases (Booth et al., 2009). 

Mobile phones are present in an individual’s everyday life (Consolvo et al., 2009) and 

can support people during their self-managed treatment (Williams et al., 2014). By using 

the sensors embedded in them, mobile phones can know where users are located and their 

surroundings and assist them by providing real-time interventions (Klasnja and Pratt, 

2012). Mobile health applications are commonly used to support people with various 

diseases during their self-management treatment and to help in the rehabilitation of 

several conditions (Årsand et al., 2012; Micallef et al., 2016). Therefore, a smartphone 

could be the ideal technology for a stigmatized personal health application that needs to 

have a certain level of contextual and location awareness.  

8.2 Aims and Research Questions 

This research aimed to investigate whether a mobile phone application could be designed 

in such a way as to increase adherence to OAB self-managed treatment and raise 

awareness of symptoms. This Ph.D. aimed to answer the following research questions:  

RQ1: What are the functionalities that a mobile health application should have to support 

people suffering from a sensitive condition, such as Overactive Bladder, during self-

managed treatment? 

RQ2: Do the answers regarding functionalities found as a result of findings from RQ1 

differ between people suffering from OAB symptoms and stakeholders (e.g., healthcare 

professionals), literature, and standard care? 

RQ3: Can field trials provide results that enable conclusions to be made as regards to 

how and whether an application can support people suffering from a sensitive health 

condition, such as Overactive Bladder? 

RQ4: How can the application be designed to help people adhere to OAB self-managed 

treatment? Specifically, what tools and techniques can help people resist the urge to go 

to the toilet? 

To answer these research questions, a detailed literature review was first conducted to 

gain a deep understanding of the condition and the issues surrounding it. It was then 
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followed by a review of different HCI studies that have been conducted with respect to 

other rehabilitation areas and the methodologies applied. Interviews were then conducted 

with healthcare professionals in the field to confirm the main functions derived from the 

literature review.  As illustrated in Chapter 1, page 1, this led to the identification of two 

main problems: 1) people suffering from OAB symptoms do not seek medical help, and 

2) people are not motivated enough to continue with their self-managed treatment. The 

HCI research studies reviewed show that a mobile phone application could address these 

problems by (1) making it available for anonymous download, and (2) showing progress, 

providing exercise and fluid intake reminders, and providing distraction techniques to 

help control the urge to urinate. Moreover, the application could support people by 

offering a toilet pass, a map displaying the nearest toilet locations, and the possibility to 

track their symptoms by completing bladder diaries.  

To answer RQ1, RQ2, and partially RQ4, design and prototype interviews were 

conducted with OAB healthcare professionals and people suffering from OAB symptoms. 

The interviews conducted with the healthcare professionals show that gender is an 

important factor that needs to be considered when gathering design ideas with people 

suffering from a sensitive health condition. Importance should also be given to the gender 

of the facilitator, note-taker, or interviewer. The feedback collected from the one-to-one 

co-design interviews conducted with end-users shows that interviews using an adapted 

version of the procedure utilized by Uzor et al. (Uzor et al., 2012) are efficient and did 

not cause any emotional discomfort in the participants. Differences were noticed between 

and also within the two stakeholder categories with respect to several concepts.  

To answer RQ3 and partially RQ4, two field studies were conducted with people suffering 

from OAB symptoms. The application’s usability was firstly evaluated during a nine-

days field study during which one-to-one interviews (before and after the study) were 

conducted with the participants. The feedback collected shows that this form of evaluation 

is suitable for people suffering from a sensitive condition. The findings also show that the 

application has the potential to raise awareness of symptoms and help people adhere to 

self-managed treatment. A second field study was conducted for six weeks. The findings 

of this study confirm the feedback received during the previous evaluation study and show 

that visualizing progress, providing users with exercise and fluid intake reminders, and 

distraction techniques to help control the urge to urinate helps in increasing adherence to 

self-managed treatment. During both field studies, users engaged with the application 
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mostly at home, suggesting that a safe and familiar environment a suitable and useful 

context for using the application.  

8.3 Design Recommendations 

Various contributions to knowledge (Zimmerman et al., 2007) are presented in this 

section with respect to OAB mobile phone applications, that could potentially be applied 

to other sensitive health conditions. These main recommendations are obtained from 

answering the research questions and objectives highlighted in Chapter 1, Section 1.1, 

pages 1 and 2. The findings are derived from the studies conducted with 42 participants 

from various stakeholder categories – nine healthcare professionals, 32 people suffering 

from OAB symptoms, and a family member of a person suffering from OAB. Therefore, 

the design recommendations being made are limited to the four studies conducted. Other 

recommendations for the design of OAB mobile health applications can be found in 

Chapter 7, Section 7.6. 

Include multiple stakeholder categories in the design process (obtained whilst 

answering RQ2 and fulfilling Objective 2 and 3) 

Involving stakeholders is important to Human-Centred Design and they should actively 

be involved in the early stages and continuously throughout the development process 

(Gulliksen et al., 2010). However, conflicting needs can appear in stakeholder 

relationships as each stakeholder group would expect a system to act based on their goals 

and needs (Cajander and Grünloh, 2019; McGee-Lennon and Gray, 2007; McGee-

Lennon et al., 2011). The research conducted in this thesis strengthens these findings and 

claims it is important to include multiple stakeholder categories in the design of mobile 

health applications (healthcare professionals and end-users) as contradictions and 

inconsistencies can occur between and within the two categories with regards to what 

they would consider appropriate as mobile application features (e.g., map – see Chapter 

4, Section 4.4, page 89 for more details).  

There is a need to differentiate between direct (e.g., end-users) and indirect (e.g., 

healthcare professionals) stakeholders and prioritise requirements accordingly (Cajander 

and Grünloh, 2019; McGee-Lennon and Gray, 2007; McGee-Lennon et al., 2011).  

Designers should aim to find a balance between achieving clinical efficiency and 

providing an acceptable user experience (McGee-Lennon and Gray, 2007).  With this in 

mind, several design decisions were made (as presented in Chapter 5) that would consider 

the emotional and social needs (Doherty et al., 2000) of the direct stakeholder category, 
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the people suffering from Overactive Bladder symptoms (see Chapter 5, Section 5.4, page 

118 for more details). 

The order in which requirements gathering studies with multiple stakeholder 

categories are conducted can be important (obtained whilst fulfilling Objective 2, 3, 4)  

Previous studies indicate that testing the prototype of a mobile health application with 

healthcare practitioners before a field evaluation with end-users can help improve the 

application (Micallef et al., 2016). Other researchers underline the fact that it is important 

to include healthcare professionals in the development process to avoid compromising 

patient safety by providing inappropriate content or functions (Lewis and Wyatt, 2014). 

The research conducted in this thesis highlights that involving healthcare professionals 

prior to conducting requirements gathering studies can be beneficial as the 

recommendations received from healthcare professionals can prove useful in selecting a 

suitable methodology for the end-users studies (see Chapter 4, Section 4.4, page 88 for 

more details). Therefore, when conducting requirements gathering studies involving 

sensitive health conditions, researchers might wish to conduct studies (e.g., interviews) 

with healthcare professionals prior to the end-users studies.  

Gender should be considered when gathering requirements with people suffering from 

sensitive conditions (obtained whilst fulfilling Objective 2, 3, 4) 

The work conducted in this thesis brings contributions to the HCI field by showing that 

gender is a factor that needs to be considered when choosing the methods for requirements 

gathering with people suffering from sensitive conditions. Previous research studies 

focusing on conditions that are considered stigmatized (e.g., HIV, stammering) show that 

design workshops can be successfully applied when gathering requirements with people 

suffering from these conditions (Marcu et al., 2016; McNaney et al., 2018). However, the 

findings presented in this thesis show that when conducting requirements gathering with 

people suffering from a sensitive condition such as OAB, researchers should avoid 

mixed-gender workshops, focus groups, etc., and ideally, conduct one-to-one interviews. 

Importance should also be given to the gender of the facilitator, note-taker, or interviewer 

(see Chapter 4, Section 4.4, page 88 for more details). 
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Interviews are a suitable method of gathering requirements and evaluating applications 

with people suffering from sensitive conditions (obtained whilst fulfilling Objective 3, 

4, and 7) 

Whilst previously used to assess the emotional impact of features on users (Akazue et al., 

2016; Beattie et al., 2015), Baillie’s emotion wheel (Baillie et al., 2011) also proved 

successful in evaluating the emotional impact an interview structure can have on 

participants suffering from a sensitive condition. The feedback collected from 

participants and the emotion wheels also shows that the co-design interviews conducted 

with end-users, using an adapted version of the procedure utilized by Uzor et al. (Uzor et 

al., 2012), proved efficient and did not cause any emotional discomfort in the participants 

(see Chapter 4, Section 4.4, page 88 for more details). Moreover, the data collected 

indicates that interviews are also a good way of evaluating the usability of a mobile health 

application with people suffering from an embarrassing health condition (see Chapter 6, 

Section 6.7, page 149 for more details). 

More active user involvement using Participatory Design methods is useful when 

designing applications for sensitive conditions (obtained whilst answering RQ1, RQ2 

and fulfilling Objective 1 and 4) 

Differences were noticed between the feedback collected during the four studies and the 

literature review conducted at the beginning of this Ph.D. For example, the findings of 

the four studies contradict previous research findings indicating that people are 

embarrassed by their OAB symptoms. Participants taking part in the studies were not 

embarrassed to discuss their symptoms and did not want to disguise the application (see 

Chapter 5, Section 5.4, page 118 for more details). This highlights the importance of not 

basing the design of a mobile health application for sensitive conditions only on literature 

review findings and that more active user involvement can be beneficial to the design of 

the application.  

Multiple evaluation forms should be applied when evaluating features and their 

emotional impact on users (obtained whilst answering RQ3 and fulfilling Objective 5, 8) 

Previous studies show that a combination of diaries, log data, and interviews can be useful 

in determining how users engage with an application during a field study (Ploderer et al., 

2014). The data collected during the short field study also indicates that researchers 

should apply multiple evaluation tools (e.g., questionnaires, interviews, log data, emotion 

wheels) when assessing the success of a feature and its emotional impact on the users. 

Data shows that researchers should not rely only on one type of evaluation (e.g., 
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questionnaire) when assessing the success of a feature and its emotional impact on the 

players as inconsistencies were noticed within feedback provided (e.g., NASA-TLX and 

Emotion Wheel feedback – see Chapter 6, Section 6.7, page 147 for more details).  

The duration of field evaluations should not be based only on health protocols and 

guidelines recommendations (obtained whilst answering RQ3 and fulfilling Objective 9) 

Mobile health application researchers should not set the length of their field evaluation 

studies only based on health protocols and guidelines recommendations. As suggested by 

the NICE guidelines (Warner and Greenwell, 2018), the last field evaluation study was 

set to six weeks. However, participants’ engagement declined after the first three weeks 

(see Chapter 7, Section 7.7, page 179 for more details). This strengthens previous research 

findings showing that gradual declines in exercise rates can occur whilst undertaking falls 

rehabilitation (Uzor, 2014). 

More than one type of reminder does not increase annoyance (obtained whilst 

answering RQ1 and RQ4 and fulfilling Objectives 6 and 8) 

One method of increasing treatment adherence is by providing reminders (Riley et al., 

2011). Confirming previous research findings, the data collected during the two field 

studies shows that reminders increase adherence to PFM exercises (Micallef et al., 2016) 

and can persuade users in living a healthier lifestyle (e.g., drink proper amounts of water 

per day (Chiu et al., 2009)). Although in previous research reminders were focusing only 

on one area (e.g., exercise adherence (Micallef et al., 2016), or lifestyle changes (Chiu et 

al., 2009)), the data collected shows that having more than one reminder type is not 

annoying and could encourage people in following their self-managed treatment. 

Therefore, designers might wish to consider using more than one reminder type (see 

Chapter 6, Section 6.7, page 150 for more details). Attention should be given to the 

number of notifications as a slightly increased number can lead to annoyance.  

People like to visualize their progress (obtained whilst answering RQ1 and RQ4 and 

fulfilling Objectives 3, 6, and 8) 

OAB non-pharmacological therapies have no side effects and increase patients’ 

satisfaction. However, they require motivation and involvement, leading to a dropout 

whenever an improvement is not quickly seen (Burgio et al., 2002; Sussman, 2007) 

(Alewijnse et al., 2002). One way of increasing treatment adherence is by allowing users 

to visualize their progress and provide them with positive feedback (Ayoade and Baillie, 

2014; Matthews et al., 2015; Paay et al., 2014). The research conducted in this thesis 
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confirms these previous research findings and indicates that visualizing progress within 

a mobile health application increases adherence to OAB self-managed treatment (see 

Chapter 7, Section 7.7, page 180 for more details). 

Previous research findings (Matthews et al., 2015; Paay et al., 2014) illustrate the 

importance of progress and positive feedback, such as scores or badges to help people 

adhere to treatment. However, although linked, the two are usually displayed on separate 

screens. The results obtained from the two field studies show that combining happy icons 

(the user reached their voids goal) and displaying them directly within the progress screen 

(number of voids in the past week) motivates people (see Chapter 7, Section 7.7, page 

180 for more details). Therefore, mobile health application designers could consider 

bringing together the progress and the goals onto the same screen. 

Games can be a suitable distraction technique (obtained whilst answering RQ1, RQ4 

and fulfilling Objectives 3, 6, and 8) 

Researchers developed games tailored to the condition they are targeting and aimed at 

engaging people by providing rewards, and unlocking new levels by collecting points (de 

Oliveira et al., 2010; Grimes et al., 2010; Marcu et al., 2016). However, these games were 

rather used to promote behaviour changes (which require time, persistence, and 

motivation) and not as a distraction technique. On the other hand, interactive games did 

not prove successful in helping people quit smoking (Ploderer et al., 2014). The results 

obtained from the two fields studies tally with previous findings (Grimes et al., 2010) and 

indicate that commercially available games (e.g., Tetris and 2048), can be a suitable 

distraction technique if the user is engaged in their bladder retraining treatment (see 

Chapter 6, Section 6.7, page 149 for more details). The data collected indicates that 

designers should also consider implementing a wide range of distractions and reflect on 

the complexity of the games (see Chapter 7, Section 7.7, page 180 for more details).  

No usage does not mean lack of necessity (obtained whilst answering RQ3 and RQ4 and 

fulfilling Objectives 6 and 8) 

The two field studies conducted indicate that not interacting with a feature does not imply 

there is no necessity for it. For example, it has been discovered, that the main purpose of 

the map feature is to provide users with the reassurance that there is a toilet nearby that 

they can use to avoid an embarrassing incident (e.g., leakage), followed by its actual 

functionality – displaying the nearest toilet locations (see Chapter 6, Section 6.7, page 

149 for more details). The same applies to the toilet pass feature; although it has not been 

used during the field studies, its actual purpose could be to encourage people to ask for 
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toilet access in unknown locations (see Chapter 7, Section 7.6, page 176 for more details). 

Additionally, automatically calculated functionalities, such as progress, are a detriment 

to application interaction (see Chapter 7, Section 7.6, page 176 for more details). Despite 

liking to visualize their progress, participants did not actively engage with the feature 

when their progress was automatically calculated. Although Ernsting et al. (Ernsting et 

al., 2017) argue that the use of a health application can reflect user’s motivation to change 

or to maintain their health behaviour, the feedback collected in this thesis highlights that 

no usage does not indicate there is no need for a feature. This might be overcome by 

providing users with daily notifications to engage with several features.  

8.4 Limitations and Future Work 

One of the limitations of this thesis is the small sample of participants taking part in the 

studies. The technology was one of the reasons as the application was only developed for 

Android OS smartphones and required newer smartphone versions. One way of 

overcoming this would be by developing a similar version for the iOS platform (at the 

end of March 2018, there were 173 million iPhone users in the US ("Apple’s U.S. iPhone 

User Base Sees Slowing Growth", 2019)).  

The limited number of participants recruited was also an impediment in providing various 

research findings. The proposed machine learning algorithm at the beginning of the study 

was not created given the lack of data collected during the short field study (Chapter 6, 

Section 6.5, page 144). This could have led to a level of personalization that could have 

made participants in the long field study engage more with the application.  

Another limitation is the age of the participants taking part in the studies (mean age varied 

from 46 to 54.6) as this is not fully representative of the OAB patient population. As 

shown by the International Continence Society, Overactive Bladder is a condition that 

increases with age, and older individuals report more OAB symptoms than the younger 

population (Abrams et al., 2017). For example, 15% of the 45-54 years old population 

and 25% of the 65-74 aged population has more nocturia (the complaint of having more 

than two voids per night) comparing to 5% of those aged 18-24 (Temml et al., 2005). 

Milsom and Gyhagen (Milsom and Gyhagen, 2019) also show that more than 40% of the 

female population aged 70 and more suffer from Urinary Incontinence. In addition, most 

participants taking part in the studies presented in this thesis completed a higher 

educational level such as University and Postgraduate Studies. Participants were 
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confident in using a smartphone and were familiar with smartphone applications and this 

could have influenced their interaction with the application. 

Future Work 

This section explores the opportunities identified in this work that can benefit from further 

research: 

1. From a personality perspective, Shaw (Shaw, 2001) states that introverted people and 

people with low neuroticism scores respond well to bladder training. As future work, it 

would be interesting to investigate how applications designed for sensitive conditions 

should adapt to the user’s personality to increase treatment adherence. 

2. Given the gender issues discovered at the beginning of the research process, one-to-

one interviews was the predominant method for gathering requirements and evaluating 

the application. Although it is not a crucial limitation, collaboration could be an 

interesting approach worth considering for future work. 

3. The application designed in this thesis takes as its starting point the Overactive Bladder 

non-pharmacological therapies. Although these therapies are effective, they require 

motivation and involvement, leading to a dropout whenever improvements are not 

quickly seen (Alewijnse et al., 2002; Burgio et al., 2002; Sussman, 2007). Most 

participants taking part in the long field study engaged with the application in the first 

three weeks, when they were asked to complete the bladder diary. Most participants did 

not use the application afterward, which can also relate to participants not feeling the need 

to use it. Treatment adherence is an issue discovered also in other rehabilitation areas. For 

example, Uzor (Uzor, 2014) evaluated the use of booklets, visualisation tools, and 

exergames for older adults' falls rehabilitation. The results of a home study over 12 weeks 

show that there is a gradual decline in the exercise rate conducted by the participants.  

Retention rates in the context of mobile health application studies have been defined as 

the amount of time participants spent engaging in the study (Lane et al., 2015). Abshire 

et al. (Abshire et al., 2017) discovered that to keep participants engaged in a study, 

research teams should apply personalized approaches and tailor retention strategies to 

individuals (e.g., study reminders, emphasizing study benefits, and contacting 

participants regularly). Social media has also proved effective in improving participant 

retention in longitudinal intervention studies (Mychasiuk and Benzies, 2012). Therefore, 

future work could investigate different methods of retention to get participants to engage 

with the application for longer. 
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4. Participant engagement and retention has also been defined as the amount of time a 

participant spends on a website, the number of clicks within an application, or the 

completion rates of surveys (Lane et al., 2015). For example, Couper et al. (Couper et al., 

2010) evaluated how users interact with an online intervention meant to promote fruit and 

vegetable consumption by measuring the number of web pages participants visited and 

the time spent engaging with the intervention materials. Danaher et al. (Danaher et al., 

2006) evaluated participant’s engagement in a large randomized controlled trial of a 

smoking cessation web-based application by focusing on the number of webpage visits 

(number, duration, and pattern of use over time) and viewings (number of views, types of 

pages viewed, and forum postings). The authors argue that participants willing to quit 

smoking would spend more time visiting the application than those not willing to commit 

and who spent a relatively short time on the application. However, the studies presented 

in this thesis show that not interacting with a feature (e.g., map, toilet pass, quick PFM 

contractions) does not imply that a feature has failed, that there is no need for it and hence, 

it should not be implemented. As previously mentioned in Chapter 7, Section 7.7, page 

176, the actual aim of a feature could be different than the one it was intended for. Future 

work should investigate the relationship between a feature’s usage and purpose in the 

context of mobile health applications for sensitive and stigmatized conditions.  

5. As the urge to urinate appears at any given moment, new real-time interventions could 

be developed based on the user’s activity and location. Moreover, these interventions 

could help to calculate the progress by determining when a person has had a void. This 

would replace the need for the person to constantly input data into a Bladder Diary – a 

procedure that can be overwhelming and sometimes relies on recollection (Czerwinski et 

al., 2004). The smartphone sensor data can be complemented by fitness tracking devices, 

which nowadays are common tools for collecting personal information (activity, sleep, 

heart rate, and locations visited). In the health domain, Wang et al. (Wang et al., 2018) 

collected behavioral data (physical activities, sleep, and sociability) from smartphones 

and physiological data (heart rate, skin temperature, activity) from a Microsoft Band259 

tracker for predicting depression in college students. Lu et al. (Lu et al., 2018) collected 

smartphone and Fitbit60 fitness tracker data (location, activity, sleep, heart rate) to identify 

depression indicators. The same approach (smartphone sensing data and Fitbit wrist band 

data) was used by Biel et al. (Biel et al, 2017) who aimed in understanding the relationship 

 
59 MicrosoftBand. (2016). https://www.microsoft.com/microsoft-band/en-us. 
60 Fitbit fitness tracker. https://www.fitbit.com/uk/home 

https://www.microsoft.com/microsoft-band/en-us
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between people’s eating behaviors and time, location, social context, related activities, 

and physical activity.  

8.5 Main Contributions 

This thesis contributes to the HCI field in four key areas. First of all, it is the first known 

attempt of investigating how a mobile phone application could actively support people 

suffering from a sensitive condition, through the active involvement of people suffering 

from OAB symptoms in the design and evaluation studies. Whilst healthcare 

professionals have been involved in the design process of some OAB type applications 

(Squeezy: NHS Pelvic Floor App, 2018), no end-user involvement is mentioned. 

Additionally, these applications only cover part of the functionalities required. 

Secondly, this thesis provides contributions to the HCI field by making recommendations 

for the User-Centred Design process of mobile health applications for sensitive 

conditions. Gender is a key factor that needs to be considered when gathering 

requirements and evaluating applications with people suffering from a sensitive 

condition. Utilizing the procedure of Uzor et al. (Uzor et al., 2012) and adapting it to be 

used during one-to-one interviews, proved sufficient and did not cause any emotional 

discomfort in the participants taking part in the requirements gathering process.  

Thirdly, this thesis presents the first known evaluation studies of a mobile phone 

application in the field with people suffering from OAB symptoms. The findings from a 

nine-days, followed by a six-weeks field study show that a mobile phone application, 

implementing the principles of OAB self-managed treatment (Wilde et al., 2014),  has the 

potential to help people adhere to OAB self-managed treatment and raise awareness of 

symptoms. This is achievable by providing users with distraction techniques (games and 

quick PFM contractions) to help control the urge to urinate, visualizing progress, setting 

up goals, providing exercise and fluid intake reminders, and allowing them to track their 

symptoms using Bladder Diaries. 

Finally, based on lessons learned and the feedback received from end-users, this thesis 

provides various contributions to knowledge and recommendations for the design of OAB 

mobile health applications. These insights would be useful for HCI researchers 

investigating ways of designing mobile health applications for sensitive conditions. 

Nevertheless, these findings also apply to mobile applications for other rehabilitation 

areas focusing on progress visualizations, reminders, and distraction techniques.  
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Appendix 1 – Requirements Gathering Interviews 

This appendix contains the scripts that were followed and the paperwork that was 

distributed to participants during the Requirements Gathering Interviews (Chapter 3): 

• Script Healthcare Professionals Interviews (2 pages). 

• End-Users Information Sheet (2 pages). 

• Consent Form (1 page). 

• End-Users Demographic Questionnaire (3 pages). 

• Script End-Users Interviews. 

o Personas and Scenarios (1 page). 

o Phase 2 – Treatment and Experiences - Discussion Script and Emotion 

Wheel (1 page). 

o Phase 3 - Screenshots - Script and Emotion Wheel (4 pages). 

o Phase 4 – Sketches - Emotion Wheel and End of Interview (1 page). 
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Appendix 1.1 - Healthcare Professionals 

Topic 1: Overactive Bladder Condition and how patients manage it 

Current Health System 

Q. 1: What barriers do patients face when accessing treatment? 

Q. 2: Which situations are the most problematic for them? 

Q. 3: What challenges do you face in managing patients with Overactive Bladder and getting them to adhere 

to treatment? 

Overactive Bladder Condition 

Q. 4: In general, what changes do they make in their daily routine? 

Q. 5: Are there any common behaviors/strategies which they adopt when they are in public spaces?  

 

Topic 2: Initial Management – Treatment and Diagnostic 

Diagnostic 

Q. 6: What methods of diagnosing are being used during the initial management? Questionnaires/ Bladder 

Diaries 

Q. 6.1: What is your experience of patients completing bladder diaries (e.g., are they fully filled in, what 

challenges do they face)? 

Q. 7: Are guidelines and protocols routinely used for diagnosing and managing the condition? If so, which 

ones and why?  

Q. 7.1: Is the same guideline being used for both the diagnostic and the treatment?  

Bladder Diaries 

Q. 8: Do you think these levels are appropriate? (participants were presented with diaries) 

Q. 9: Are there any other structures in which the level of urgency can be categorized that you are aware of?  

Q. 11: How do you assess the degree of urgency the person experiences (e.g., by using urgency perception 

scores)? 

Q. 12: What type of bladder diaries do you use? Do they contain any additional features? Do they use the 

same levels? 

Q. 13: For how long should that person be distracted (e.g., minutes)?   

Q. 14: Is the distraction time constant or does it change over time (e.g., increases)? 

Q. 15: For how long should that person be distracted (e.g., minutes)?   

Treatment 

Q. 17: Do you use guidelines and protocols during the treatment?  

Q. 18: Are different guidelines used by others that you are aware of?  

Q. 19: Is the treatment for women different than the one for men?  

Q. 20: Is the treatment being set based on the results of the diagnostic phase or based on general 

recommendations? 

Q. 21: What’s the range and average length of the treatment (i.e. minimum length of treatment is x weeks, 

while the maximum length of treatment is x weeks). 

Q. 22: For the bladder training, which is the minimum and the maximum time slot between voids? 

Q. 22.1: How much does it increase per week? 

Q. 22.2: Which is the average timeslot recommended? 

Q. 23: Is the treatment for wet OAB different than the one for dry OAB?  

Q. 24: In addition to bladder training, patients can be taught to perform 5 short pelvic floor muscle 

contractions to help reduce the sense of urgency. Are they being recommended to the patients?  

Q. 24.1: Why and when do you recommend the contractions? 

Q. 24.2: Besides the pelvic floor muscle contractions, are there any other methods of treatment suggested?  

Q. 25: Do patients receive any written instructions (e.g., leaflets, brochures) to follow during the treatment?  

Q. 26: What do you think are the challenges for patients adhering to bladder training? 

Q. 26.1: How can patients be helped to adhere to their bladder training? 

 

Topic 3: Mobile Phone Application 

Q. 27: Can you see any value in developing a mobile phone application to help people with bladder training? 

Q. 27.1: Do you have any ideas what features a bladder training app could contain? 

Q. 27.2: Should the application also score the urgency perception? 

Q. 27.3: Which type of patient do you believe would use the app (e.g., female/male, young/older adults)? 

Map (the feature was described to participants) 

Q. 28: Do you consider this feature useful?  

Q. 29: What other functionalities, tailored according to locations, would you consider useful for the 

application? 

Progress and Feedback (the feature was described to participants) 

Q. 30: How should the progress be displayed? 
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Q. 30.1: What should the progress page show (e.g., number of levels – Bladder Diaries Section, progress 

over weeks)? 

Q. 30.2: Should the system adapt (e.g., longer time between voids) given treatment progress reported by 

the patient through the app?  

Q. 30.3: Would providing rewards (based on their progress) be a useful method to increase adherence?  

Q. 30.3.1: Should the reward contain also a positive statement about their progress? 

Reminders (the feature was described to participants) 

Q. 31: We can adjust when the reminder is set so that it is appropriate for each setting. Is this something 

you think would be useful?  

Q. 32: Would enabling the patient to adjust these be useful?  

Q. 33: How should the time intervals for reminders be set? 

Q. 34: What should the reminders contain (e.g., text, text, and images)? 

Distraction (the feature was described to participants) 

Q. 35: In your experience, what do patients do to distract themselves when they need to urinate? 

Q. 36: Are there any other methods that you would recommend?  

Q. 37: Games have not been used before for bladder training. In your opinion, do you think they might be 

useful?  

Disguise (the feature was described to participants) 

Q. 38: We are considering using multimodal interaction on the phone, e.g. gestures such as a pocket tap or 

device squeeze, as a slight interaction with the mobile phone, and as subtle reminders. Do you think it 

would be useful for the patients?  

Q. 39: Do you think we should disguise the icon of the app?  

Q. 40: Do you think the user would want the app to be locked in some way to ensure privacy?  

 

Topic 4: Design Workshop Participants Recruiting 

Q. 41: Do you happen to know if any of your patients are active on websites such as COB?  

Q. 42: Are there any other organizations that you might recommend to us for recruiting participants 

(especially in Edinburgh or Glasgow)?  

Q. 43: Should we consider any special measures/precautions during the workshop?  

 

Topic 5: Patient – Health Professionals Relationship 

Q. 44: Are there any group sessions during the treatment?  

Q. 44.1: Do people open up in front of others during the session? Yes/ No 

Q. 44.2: How often are the follow-up meetings, if any?  

Q. 44.2.1: What takes place during these meetings? 

Q. 45: Do you keep in touch with the patients during the rehabilitation process?  

Q. 45.1: What are the current methods of communicating (e.g., by telephone, reminders)? 

 

Topic 6: Patients’ opinion of the treatment 

Q. 46: In which part of the treatment do they commonly encounter most problems? 

Q. 46.1: Why do you think they encounter these problems? 

Q. 47: With respect to the treatment procedure, in your opinion, what could be improved (e.g., the strategy 

used during the treatment, the communication with the patients, the way instructions are provided)?  
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Appendix 1.2 – User Information Sheet and Consent Form 

PARTICIPANT INFORMATION SHEET 
Interactive and Trustworthy Technologies Group, 

School of Mathematical and Computer Sciences, 

Heriot-Watt University, Edinburgh, Scotland, UK EH14 4AS 

Study Title 

An interview to gather requirements for an assistive mobile phone application for the rehabilitation 

treatment of a sensitive health condition. 

Invitation Paragraph 

You are being invited to take part in an interview. Before you decide, it is important for you to understand 

why this research is being done and what it will involve.  Please take time to read the following information 

carefully and discuss it with others if you wish.  Please ask us if there is anything that is not clear or if you 

would like more information.  Take time to decide whether or not you wish to take part. 

Purpose of study 

In 2008, 10.7% of the entire worldwide population was affected by Overactive Bladder and it is being 

estimated that by 2018, 546 million people, meaning 20.1% of the entire population will be affected by it. 

Even though the condition has little or no impact on mortality, it affects the quality of life of those having 

its symptoms. The purpose of this project is to develop a mobile phone app to help people with overactive 

bladder improve their symptoms by focusing on lifestyle changes. These approaches can cure or ameliorate 

up to 70% of the cases. 

Why have you been chosen? 

You have been chosen to participate in this study because you have Overactive Bladder symptoms and are 

familiar with the bladder training treatment.  

Do you have to take part? 

It is up to you to decide whether or not to take part.  If you do decide to take part, you will be given this 

information sheet to keep and be asked to sign a consent form. If you decide to take part, you are still free 

to withdraw at any time, without giving a reason. A decision to withdraw at any time, or a decision not to 

take part, will not have any consequences. 

What will happen to me if I take part? 

If you agree to take part in this study you will be sent a demographic questionnaire via e-mail. You will be 

asked to come to the interview which will take about one hour. You will be asked to share your thoughts 

(and experiences) on the current state of the Overactive Bladder treatment and will be asked questions about 

how the app should function and support you whilst undertaking bladder training. In the next part of the 

interview, you will be shown different prototype concepts for the mobile application and be asked to provide 

feedback on them.  

What arrangements have been made regarding transportation/ travel expenses? 

If necessary, we will reimburse you any travel expenses you incur as part of your coming to the interview. 

You can contact researcher Miss Ana-Maria Salai or Principal Investigator Professor Lynne Baillie if you 

need assistance regarding transportation.  

What are the possible side effects of taking part? 

There are no physical side effects for this study. You might feel uncomfortable due to the Paired Interview 

session. The topics that will be discussed in the session might be sensitive. If you wish to leave the session 
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at any point you are free to do so without any consequences and we will delete any material that involves 

your contribution. 

What are the possible benefits of taking part? 

Your ideas and designs will assist us with our development of a mobile phone application that assists people 

during bladder training treatment. 

Anonymity and Confidentiality 

All personal information obtained from you during the study will be kept strictly confidential. Your contact 

details will be kept safe and will only be accessed by the researcher, Miss Ana-Maria Salai or by the 

Principal Investigator Professor Lynne Baillie. Any information that is reported or published will be 

anonymised prior to dissemination, and thus will not contain information that would reveal your identity. 

During the reporting of results, no data will be included that could potentially identify you, such as name 

and contact details. If you agree to take part, you will be assigned a unique participant number which will 

not reveal your identity. This number will be used to represent you during the reporting of findings. A 

consent form will be provided for you to agree or disagree to this. 

What will happen to the findings of the research study? 

The results will be reviewed by the researcher and taken into account when refining the design of the mobile 

phone application. The findings will be reported and published at relevant conferences and journals 

concerned with Human Computer Interaction, Mobile Technology, Ubiquitous Computing, Pervasive and 

Health Technology and Incontinence.  

Right to Withdraw 

You have the right to withdraw from this interview at any time if you wish so. 

Complaint Procedure 

If you have any complaints about any issues regarding the study or any of the proceedings of the study, you 

can address informal complaints to the researcher, Miss Ana-Maria Salai or the Principal Investigator 

Professor Lynne Baillie. Alternatively, a formal complaint can be made to Herriot Watt University by 

contacting Darren Cunningham, School of Mathematical and Computer Science representative for the 

University Complaints Committee, by email at D.P.Cunningham@hw.ac.uk or by mail: Room 1.11, Earl 

Mountbatten Building, School of Mathematical and Computer Science, Heriot-Watt University, Riccarton, 

Edinburgh, EH14 4AS.  

Contact for Further Information 

Researcher Miss Ana-Maria Salai       

Interactive and Trustworthy Technologies Group, 

School of Mathematical and Computer Sciences, 

Heriot Watt University, Edinburgh, Scotland, UK EH14 4AS 

Email: as152@hw.ac.uk    

Principal Investigator Professor Lynne Baillie       

Interactive and Trustworthy Technologies Group, 

School of Mathematical and Computer Sciences, 

Heriot Watt University, Edinburgh, Scotland, UK EH14 4AS 

Email: l.baillie@hw.ac.uk      

Thank you for your interest in this study 

 

mailto:D.P.Cunningham@hw.ac.uk
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Interactive and Trustworthy Technologies Group,  

School of Mathematical and Computer Sciences, 

Heriot Watt University, Edinburgh, Scotland, UK EH14 4AS 

Participant Identification Number: _______ 

CONSENT FORM USERS 

Title of Research: An assistive mobile phone application for the rehabilitation treatment of a sensitive 

health condition. 

Name of Researcher: Ana-Maria Salai 

Please Initial boxes 

I confirm that I have read and understand the information sheet for the above study and I 

have had the opportunity to consider the information, to ask questions and have these 

answered satisfactorily. 

I understand that my participation is voluntary and that I am free to withdraw at any time, 

without giving any reason, and without consequences.  

I understand that any personal data (including direct quotes) used in the dissemination of 

findings will remain anonymous, with the exception of age, gender, employment status, 

level of education, family status, level of technical ability.  

I agree to take part in the above study.       

 

          _____/_____/ 201__  

Name of Participant     Date   Signature 

 

                      _____/_____/ 201__  

Name of Person taking consent   Date   Signature 

(If different from researcher) 
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Appendix 1.3 – End-Users Demographic Questionnaire 

Participant Identification Number: ________         

Instructions:  

You have agreed to participate in an interview regarding a mobile phone application focusing on bladder 

training. We would like to ask you a short series of questions to gather information about yourself and the 

use of your phone. The information you provide will be used in analyzing the results of this study. Your 

answers will remain anonymous. All data collected will be held in a secure and safe manner. Please fill in 

the blanks or place a tick in the appropriate box. 

1. Gender 

 Female    Male 

2. Age: ____________ 

3. What is the highest level of education you have completed?  

  Secondary school   Intermediate education (e.g. College)   

 Higher education (e.g. University)  

Other please state: __________ 

4. What are your current living conditions? 

 I live alone    I live with spouse/partner            Children 

Other: ____________ 

5. What is your employment status? 

   None             Full time      Part time    

   Volunteer             Retired          

 Other: ________________________ 

If your answer was None, please proceed to question number 5.1. 

If your answer was Full Time, Part Time or Volunteer, please proceed to question number 5.2. 

If your answer was Retired, please proceed to question number 5.3 and 5.4. 

5.1 Have you been previously employed?  

 Yes        

 No 

If your answer was Yes, please proceed to questions number 5.1.1 and 5.1.2 

If your answer was No, please proceed to question number 6 

5.1.1 What did your last working job involve?  

 Office Based  

 Site Based  

 Shop or Restaurant  

 Mixture of both 

Other: ________________________ 

5.1.2 Did you have a flexible break policy at your last working place? 

 Yes        

 No 

  5.1.2.1 How many toilet breaks were you allowed to take during your working schedule? 

5.2 What type of work do you do? 

 Office Based        

 Site Based 

 Shop or Restaurant        

 Mixture of both 

Other: ________________________ 

5.2.1 Do you have a flexible break policy at your current working place? 

 Yes        

 No 

5.2.1.1 How many toilet breaks are you allowed to take during your working schedule? 

5.3 What did your last working job involve?  
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 Office Based  

 Site Based  

 Shop or Restaurant  

 Mixture of both 

Other: ________________________ 

5.3.2 Did you have a flexible break policy at your last working place? 

 Yes        

 No 

  5.3.2.1 How many toilet breaks were you allowed to take during your working schedule? 

5.4 What activities are you doing in your free time? 

5.4.1 Are any of these activities impacting you when going to the toilet? 

 Yes        

 No 

6. Do you currently own a smartphone or owned one in the past? 

 I own a smartphone        

 I owned one but not anymore 

 I never owned a smartphone 

If your answer was “I never owned a smartphone”, please proceed to question number 7. 

For all other answers, please proceed to the following questions: 

6.1 You are confident with using a smartphone 

 Strongly disagree        

 Disagree 

 Neither disagree nor agree        

 Agree 

 Strongly agree       

6.2 For how long do you typically use your phone each day? / For how long have you been using 

your phone each day? 

 1 to 30 minutes        

 Between 30 minutes and 1 hour 

 Between 1 hour and 1 hour 30 minutes        

 Between 1 hour 30 minutes and 2 hours 

 More than 2 hours 

6.3 Have you ever used the Google Maps application on your mobile phone? 

 Yes        

 No 

6.4 Have you ever used any e-mail application on your mobile phone? 

 Yes        

 No 

6.5 Have you ever used any social networking (e.g., Facebook, Twitter) applications on your 

mobile phone? 

 Yes        

 No 

6.6 Have you ever used the alarm functionality of your mobile phone? 

 Yes        

 No 

6.7 Have you ever used the calendar application on your mobile phone? 

 Yes        

 No 

6.8 Have you ever played any games on your mobile phone? 

 Yes        

 No 

7. Imagine you have agreed to meet a friend at a local coffee shop at 5 pm. You arrive on time and 

take a seat only to find your friend is late. You receive a text from your friend saying they’ll be 10 

minutes late.  

How does this make you feel?   

Please mark down 1 primary emotion felt by circling the appropriate response.   

Please mark down 1 secondary emotion by placing a tick next to the appropriate response. 
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8. How would it make you feel if you were to take part in a group study with participants of the 

opposite gender but with Overactive Bladder symptoms? Same Emotion Wheel. 

 

9. Imagine you are part of a group study of 3-4 people of the same gender, having a facilitator taking 

care of your group. How would it make you feel knowing the facilitator might be of your opposite 

gender? Same Emotion Wheel. 

 

10. Besides the facilitator, there will also be a note taker person in charge of recording what is being 

debated during the study. How would it make you feel knowing the note taker might be of your 

opposite gender? Same Emotion Wheel. 
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Appendix 1.4 – User Interviews Structure 

Personas and Scenarios 

Janette 

• A 40-year-old woman currently employed in open-plan call center. 

• She is working in an open-space office, being constantly surrounded by colleagues. 

• Leads an active life – going out, visiting friends, going on vacation. 

• Shares the house with her husband and her small children. 

• Has dry OAB. 

• She is following a bladder training treatment but fails to keep up with the defined schedule for the 

voids. She needs an activity that will distract her from going to the toilet when she feels the urge 

to urinate.  

• She is embarrassed about her condition (especially at work) and wouldn’t like people to know that 

she is using a mobile phone application. Therefore, she tries to find methods of disguising the fact 

that she is using an application. Additionally, she wouldn’t like her children to know that she is 

using this application and takes precautions when she is at home. 

Matt 

• A 50-year-old man currently employed in a company. 

• Leads an active life – going out, visiting friends, going on vacation. 

• He lives with his wife. 

• Has wet OAB. 

• He is following a bladder training treatment but fails to keep up with the defined schedule for the 

void. He needs an activity that will distract him from going to the toilet when he feels the urge to 

urinate. As he has wet OAB, he is constantly looking for toilets, especially in unknown places. 

• He is embarrassed about his condition (especially at work) and wouldn’t like people to know that 

he is using a mobile phone application. Therefore, he tries to find methods of disguising the fact 

that he is using an application.  

Marie 

• A 65+-year-old woman retired. 

• Even though she is retired, she is still leading an active life: she goes shopping, visits family and 

friends and goes on vacation. 

• She lives alone in the house but has grandchildren. 

• Has wet OAB. 

• She is following a bladder training treatment but fails in keeping up with the defined schedule for 

the void. As she has wet OAB, she is constantly looking for toilets, especially in unknown places 

– she is most worried about going to new places.  

• She is embarrassed about her condition, especially in front of her family and friends as she thinks 

it is due to her age. She wouldn’t like people to know that she is using a mobile phone application 

and tries to hide the fact that she is using one. 

Scenario 1 – Janette is at work when she suddenly feels the need to urinate. She is following a bladder 

training treatment and knows that she should try to hold as much as possible whenever she feels the urge 

to urinate. However, sometimes she fails and rushes to the toilet. In this critical moment, she uses the 

application as a method of distraction that helps her postpone the voiding. She does not want her colleagues 

to know that she is using this application. Additionally, she wants the reminders to be as less invasive as 

possible. 

Scenario 2 – Matt is preparing himself to go to a shopping mall by car. He takes extra precautions by going 

to the toilet before leaving the house. However, when he parks the car he feels the urge to urinate. As he 

might have leakages, he immediately uses the app which tells him where is the closest toilet located. He 

wants to reach the application as quickly as possible and wouldn’t like other people to know that he is using 

one for this situation. 

Scenario 3 – Marie is having a picnic with her grandchildren and decides to take a picture of them. The 

children, being curious, ask to see the photo and start playing with the phone. As she doesn’t want her 

family to know about her condition, she wants the application to be disguised or hidden among the other 

functionalities of the phone. 
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Phase 2 – Treatment and Experiences - Discussion Script and Emotion Wheel 

Discussion Script based on Personas 

1. What challenges is Janette facing at her working place? 

2. Why is Janette having problems in keeping up with the voids schedule?  

3. What other problems is she facing during the treatment? 

4. How could she be distracted? 

5. What could motivate her to continue the treatment? 

6. What difficulties is Matt facing when seeking medical help? 

7. What could help Matt adhere to treatment? 

8. Janette has been asked to fill in a three days bladder diary. However, she left some instances out. 

What challenges did she face that stopped her from completing the three days bladder diary? 

9. Matt is suffering from wet OAB. Would he restrict the quantity of liquids he should be drinking 

daily to avoid leakages?  

 

Discussion Script without Personas 

Participants currently following a bladder training treatment: 

1. What challenges do you face at your working place? 

2. Do you have problems in keeping up with the voids schedule and why?  

3. What other problems are you facing during the treatment? 

4. How could you be distracted from going to the toilet when you feel the urge to urinate? 

5. What could motivate you to continue the treatment? 

6. Have you encountered any difficulties when seeking medical help? 

7. What could help you adhere to treatment? 

8. Have you been asked to fill in a bladder diary? If so, what was your experience regarding it? 

9. Have you ever considered restricting the quantity of liquids you should be drinking daily to avoid 

leakages?  

Participants who have followed a bladder training treatment in the past and still have OAB 

symptoms: 

1. What challenges do you face at your working place? 

2. Did you have problems in keeping up with the voids schedule and why?  

3. What other problems were you facing during the treatment? 

4. How could you be distracted from going to the toilet when you feel the urge to urinate? 

5. What could motivate you to continue the treatment? 

6. Have you encountered any difficulties when seeking medical help? 

7. What could help you adhere to treatment? 

8. Have you been asked to fill in a bladder diary? If so, what was your experience regarding it? 

9. Have you ever considered restricting the quantity of liquids you should be drinking daily to avoid 

leakages?  

Participants who have never followed a bladder training treatment and are not familiar with it: 

1. What challenges do you face at your working place? 

2. How could you be distracted from going to the toilet when you feel the urge to urinate? 

3. Have you ever considered seeking medical help? 

4. Have you ever considered restricting the quantity of liquids you should be drinking daily to avoid 

leakages?  

Emotion Wheel  

Participant Identification Number: ________        

1. On a scale of 1 - 5, 1 being not at all 5 is very comfortable, how comfortable was it for you to discuss 

the treatment? 

1 not at all             2          3                           4                 5 very comfortable 

     

Please explain why ______________________________________________________________ 

If you opted to answer based on Personas, please proceed to the following question: 

1.1 On a scale of 1 - 5, 1 being not at all 5 is very comfortable, how comfortable was it for you to base 

discussions on Personas? 

1 not at all             2          3                           4                 5 very comfortable 

     

Please explain why ____________________________________________________________ 

2. How do you feel after taking part in this discussion?  

Emotion Wheel. 
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Phase 3 - Screenshots – Script and Emotion Wheel  

Map 

Question 70: How do you/your family member find toilets? 

Question 71: In which locations do you/your family member find toilets?  

Question 72: Would you/your family member consider appropriate to have a functionality that shows 

toilets’ location? 

Question 73: How could these maps be improved to help you/your family member easily locate toilets 

and manage the condition? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screenshot 1 – Map with Directions    Screenshot 2 – Map with Directions 

          

 

     

 

 

      

 

 

 

 

 

 

 

 

 

Screenshot 3 – Map with Points of Interest      

 

       

Screenshot 4 – Map with Points of Interest 

 

Question 73.1: What level of detail would you/your family member like on the map? 

Question 74: Would you consider having a predefined list with your favorite locations where there are 

also toilets available (e.g., your friends’ home)? 

Question 75: Which of the icons presented would you consider appropriate for the application – e.g., 

Screenshots 1,3,4 (or if you would like to suggest a new one)? 

 

Progress and Feedback 

Question 76: Would it be useful for you/your family member if the app would show the progress? 

Question 76. If so, how should the progress be displayed? 

Question 76.1 In terms of time: every day/every week/every month/others (Screenshot 1,2,3)? 

Question 76.2 Format: progress bar/ chart/ numbers/colours (All Screenshots)? 

Question 77: Would you/your family member like to receive feedback from the app regarding your 

progress (Screenshot 6, 7 or positive statement)? 

Question 78: If you/your family member were to set up a personal goal regarding the treatment, what 

would it be related to? 
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Screenshot 1 – Progress No. of Voids                    Screenshot 2 – Progress No. of Leakages 

 

 
 

 

 

 

Screenshot 3 - Progress     Screenshot 4 – Progress 

 

 

 

Screenshot 6 – Feedback     Screenshot 7 – Feedback 

 

Reminders 

Question 79: Would Janette/you/your family member like to receive reminders of when it is appropriate 

to train the bladder based on her/your location (e.g., Pelvic Floor Muscle Exercises)? 

Question 80: What modalities (e.g., visual, vibration, audio, speech, or a combination of these) would 

you/she/your family member prefer? 

Question 81: Would it be useful to have functionality reminding you/her/your family member to drink 

liquids? 

Question 82: Should the reminder be disguised by an icon? 

 

 

 

 

 

 

 

 

 

 

Screenshot 1 – Non-OAB Related Reminder; Screenshot 2 – OAB Related Reminder; Screenshot 3 – 

OAB Related and Progress Reminder 
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Distraction 

Question 83: Would you/Janette/ your family member consider playing a game as a distraction method to 

avoid going to the bathroom? 

Question 84: If so, what type of game should that be? 

 

      

 

 

 

 

 

 

 

 

 

 

        Screenshot 1 – Game      Screenshot 2 – Levels Game 

 

 

      

 

 

 

 

 

 

 

 

 

 

       

Screenshot 4 – Levels Game 

     Screenshot 3 – Game 

 

 

 

 

 

 

 

 

 

 

 

 

Screenshot 5 – Game       Screenshot 6 – Game 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Screenshot 7 – Game  
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Question 85: In which setting would she/you/your family member play it (e.g., while commuting, at 

home)? 

Question 86: Would Janette be allowed to play the game at work? If not, what other distraction 

techniques can she apply using a smartphone? 

 

Disguise 

Question 87: What methods of disguise would you/Marie/ your family member use? 

Question 88: Would you/Marie/ your family member like an extra level of protection when having the 

app installed on your/her phone (e.g., locking the phone in different situations)? 

Question 89: Would you/Marie/ your family member consider using a private gesture to easily access the 

app (Screenshot 1,2,3)? 

 

 

 

 

  

 

 

 

 

 

Screenshot 1 - Gestures      Screenshot 2 – Gestures 

 

 

        

 

 

 

 

 

 

 

 

 

 

 

Screenshot 3 – Gestures       Screenshot 4 – Icons 

 

 

 

 

 

 

 

 

 

 

Screenshot 5 – Non OAB Icon; Screenshot 6 – Non-OAB Icon; Screenshot 7 – OAB icon; Screenshot 8 – 

OAB Icon 

Question 90: Would you/Marie/ your family member disguise the icon of the app? If so, how would 

you/she like the app to be disguised (Screenshots 4,5,6,7,8)? 

 

Bladder Diary 

Question 91: Which of the icons presented would you consider appropriate as features of the Bladder 

Diary (or if you would like to suggest a new one)? 

Question 92: Would you/ your family member like the Bladder Diary to be more easily reachable during 

the night period (e.g., shortcut)? 

Question 93: Should we use a different color scheme during the night? 
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Screenshot 1 – Example of Bladder Diary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screenshot 2 – Fluid Icon        Screenshot 3 – Fluid Selection                             Screenshot 3 – Urine Icon 

 

 

 

 

 

 

 

Screenshot 4 – Urine Quantity      Screenshot 5 – Urine Quantity 

 

 

 

       

 

 

 

 

 

 

Screenshot 6 – Leakage Quantity    Screenshot 7 - Urge 

 

Emotion Wheel 

Participant Identification Number: ________        

1. On a scale of 1 - 5, 1 being not at all 5 is very comfortable, how comfortable was it for you to comment 

on the screenshots presented? 

1 not at all             2          3                           4                 5 very comfortable 
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Please explain why ______________________________________________________________ 

2. On a scale of 1 - 5, 1 being not at all 5 is very comfortable, how comfortable was it for you to base 

your comments on Scenarios? 

1 not at all             2          3                           4                 5 very comfortable 

     

Please explain why ______________________________________________________________ 

3. How do you feel after taking part in this step? 

 

Phase 4 - Emotion Wheel Sketches and End of Interview 

Emotion Wheel 

Participant Identification Number: ________        

1. On a scale of 1 - 5, 1 being not at all 5 is very comfortable, how comfortable was it for you to provide 

sketches for the functionalities presented? 

1 not at all             2          3                           4                 5 very comfortable 

     

Please explain why ______________________________________________________________ 

2. On a scale of 1 - 5, 1 being not at all 5 is very comfortable, how comfortable was it for you to discuss 

the sketches? 

1 not at all             2          3                           4                 5 very comfortable 

     

Please explain why ______________________________________________________________ 

3. How do you feel after taking part in this step? Emotion Wheel. 

 

Emotion Wheel – End of Interview 

Participant Identification Number: ________        

1. How do you feel after taking part in this interview? Emotion Wheel. 

2. Given your experience with this type of interview, on a scale of 1 – 5 with 1 being not at all and 5 

being very likely, how likely are you to recommend it to other people? 

1 not at all             2          3                           4                 5 very likely 

     

Please explain why  ______________________________________________________________ 
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Appendix 2 – Prototype Development and Interviews 

This appendix contains code snippets and the scripts that were followed for the end-users 

(healthcare professionals - similar) interviews during the Prototype Development and 

Interviews (Chapter 4): 

• Code snippets (2 pages). 

• Script End - Users Interviews (5 pages). 

• End of Study – End-users questionnaire (1 page). 
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Appendix 2.1 - Code snippets  
ftpClient.connect("dgb.x10host.com", 21); 

ftpClient.login("dgbx10h2", "********"); 

 

Fig. 4.1: The code snippet used to set up the server for the data upload. 

 
List<String> alldirectories = new ArrayList<String>(); 

alldirectories.add("2048"); 

alldirectories.add("tetris"); 

alldirectories.add("bladder_diary"); 

alldirectories.add("bathroom_pass"); 

 

Fig. 4.2: The code snippet used to upload all folders to the server. 

 
private String getCurrentDay() { 

        Date date = new Date(); 

        DateFormat dateFormat = new SimpleDateFormat("dd_MM_yyyy"); 

        return dateFormat.format(date); } 

    public void onBackPressed() { 

        writeToLogFile_toilet_pass (); 

        finish();} 

    private void writeToLogFile_toilet_pass(){ 

        try { 

            File fz = new 

File(Environment.getExternalStoragePublicDirectory(Environment.DIRECTORY_DOWNLOADS), 

""); 

            String currentday = getCurrentDay(); 

            String filedir = ""; 

            if (fz.isDirectory()) { 

                filedir = 

Environment.getExternalStoragePublicDirectory(Environment.DIRECTORY_DOWNLOADS).getPath() 

+ "/bathroom_pass"; 

                fz = new File(filedir, ""); 

                if (!fz.isDirectory()) { 

                    fz.mkdir(); 

                    fz.setReadable(true); 

                    fz.setWritable(true); 

                    fz.setExecutable(true); }} 

            File captureFileName = new File(filedir, "start_" + currentday + ".txt"); 

            PrintWriter captureFile = new PrintWriter(new FileWriter(captureFileName, 

true)); 

            Date d = new Date(); 

            Calendar c = Calendar.getInstance(); 

            c.setTime(d); 

            captureFile.println(c.getTimeInMillis() + "," + d.toString()); 

            captureFile.close(); 

        }catch(Exception e){ }} 

 

Fig. 4.3: The write to file method used throughout the application to save data to text files. 
 

Preference pref = findPreference("pref_about_study"); 

pref.setOnPreferenceClickListener(new Preference.OnPreferenceClickListener() { 

public boolean onPreferenceClick(Preference preference) { 

Intent intent = new Intent(AboutActivity.this, Structure.class); 

startActivity(intent); 

return true; }}); 

Fig. 4.4: The code snippet highlighting how the settings menu was implemented using Preferences. 

 

dialog = new AlertDialog.Builder(this); 

dialog.setCancelable(true); 

final AlertDialog dialog_condition = new AlertDialog.Builder(this) 

                 .setTitle(R.string.pref_map_title) 

                 .setMessage(R.string.pref_map_message) 

                 .create();  

 

Fig. 4.5: The code snippet illustrating how the Dialog method was implemented. 
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<EditTextPreference 

       android:summary="Set up a voidings goal" 

        android:title="Goal" 

        android:key="voidings_goal"/> 

  <ListPreference 

        android:key="toilet_location" 

        android:title="Toilet Locations" 

        android:summary="Select your favourite toilet location" 

        android:entries="@array/list_locations" 

        android:entryValues="@array/list_locations_code" /> 

 

Fig.  4.6: The code snippet illustrating how the layout for the Preferences sub-section was 

implemented. 

 
String pref = readFromFile_location();  

String pref_restaurant = "restaurant"; 

String pref_bar = "bar"; 

if (pref.equals("restaurant")){ 

url = getUrl(latitude, longitude, pref_restaurant); Toast.makeText(MapsActivity.this, 

"These are your nearby restaurants.", Toast.LENGTH_LONG).show();} 

else if (pref.equals("bar")){ 

url = getUrl(latitude, longitude, pref_bar); 

Toast.makeText(MapsActivity.this, "These are your nearby   bars.", 

Toast.LENGTH_LONG).show();}  

 

Fig.  4.7: The code snippet illustrating how to display the nearest restaurants and bars on the map. 

 
private String getUrl(double latitude, double longitude, String nearby place) { 

        StringBuilder googlePlacesUrl = new 

StringBuilder("https://maps.googleapis.com/maps/api/place/nearbysearch/json?"); 

        googlePlacesUrl.append("location=" + latitude + "," + longitude); 

        googlePlacesUrl.append("&radius=" + PROXIMITY_RADIUS); 

        googlePlacesUrl.append("&type=" + nearbyPlace); 

        googlePlacesUrl.append("&sensor=true"); 

        googlePlacesUrl.append("&key=" + "AIzaSyATuUiZUkEc_UgHuqsBJa1oqaODI-3mLs0"); 

        return (googlePlacesUrl.toString());} 

 

Fig.  4.8: The code snippet used to retrieve locations for the map feature. 

 
private static String readFromFile_location(){ 

        try { 

            String filedir = 

Environment.getExternalStoragePublicDirectory(Environment.DIRECTORY_DOWNLOADS).getPath() 

+ "/map"; 

            File tempf = new File(filedir, "location_preferences.txt"); 

            if (tempf.exists()) { 

                BufferedReader br = new BufferedReader(new FileReader(tempf)); 

                String line; 

                while ((line = br.readLine()) != null) { 

                    try { 

                        if (line.contains(",")) { 

                            String[] tempbuff = line.split(","); 

                            location = tempbuff[2].split(" ")[0];} 

                    } catch (Exception e) { }} 

                br.close(); } 

        }catch(Exception e){} 

        return location;} 

 

Fig.  4.9: The read from file method used throughout the application. 
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LineChart scatterChart = (LineChart) findViewById(R.id.scatterchart); 

        ArrayList<Entry> entries = new ArrayList<>(); 

        entries.add(new Entry(1f, 0)); 

        entries.add(new Entry(2f, 1)); 

        entries.add(new Entry(2f, 2)); 

        entries.add(new Entry(3f, 3)); 

        entries.add(new Entry(1f, 4)); 

        entries.add(new Entry(3f, 5)); 

LineDataSet dataset = new LineDataSet(entries, "Detailed Weekly Progress"); 

        ArrayList<String> labels = new ArrayList<String>(); 

        labels.add("Week1"); 

        labels.add("Week2"); 

        labels.add("Week3"); 

        labels.add("Week4"); 

        labels.add("Week5"); 

        labels.add("Week6"); 

        LineData data = new LineData(labels, dataset); 

        scatterChart.setData(data); 

Fig.  4.10: The code snippet illustrating how the scatter chart was implemented. 

 
ArrayList<Integer> colors = new ArrayList<Integer>(); 

    for (int i = 0; i<entries.size(); i++){ 

        Integer param = new Integer((int) entries.get(i).getVal()); 

        if (param == 1) 

            {   colors.add(getResources().getColor(R.color.green));} 

        if (param == 2) 

            {colors.add(getResources().getColor(R.color.yellow)); } 

        if (param == 3) 

            {colors.add(getResources().getColor(R.color.red)); } 

 dataset.setCircleColors(colors); 

 dataset.setColors(colors);} 

 dataset.setLineWidth(4); 

 dataset.setCircleSize(7); 

 

Fig.  4.11: The code snippet illustrating how the colours for the weekly progress were implemented. 

 
LimitLine line = new LimitLine(readFromFile_goal(), "goal"); 

        line.setTextSize(12f); 

        line.setLineWidth(2f); 

        line.setTextColor(Color.BLUE); 

        line.setLineColor(Color.BLUE); 

        YAxis leftAxis = barChart.getAxisLeft(); 

        leftAxis.addLimitLine(line); 

 

Fig.  4.12: The code snippet illustrating how the goal was implemented in the detailed progress. 

 
Bitmap starBitmap = BitmapFactory.decodeResource(getResources(), R.mipmap.smiley); 

        barChart.setRenderer(new ImageBarChartRenderer(barChart, barChart.getAnimator(), 

barChart.getViewPortHandler(), starBitmap));} 

 

Fig.  4.13: The code snippet illustrating how the icons in the detailed progress were implemented. 

 
CustomListViewValuesArr.add(0,new SpinnerObject("Select Drink")); 

        CustomListViewValuesArr.add(1,new SpinnerObject("Hot Drink with Caffeine")); 

        CustomListViewValuesArr.add(2,new SpinnerObject("Decaffeinated Hot Drink")); 

        CustomListViewValuesArr.add(3,new SpinnerObject("Alcoholic Drink")); 

        CustomListViewValuesArr.add(4,new SpinnerObject("Fizzy Drink")); 

        CustomListViewValuesArr.add(5,new SpinnerObject("Cold Still Drink")); 

imageButton_125.setOnClickListener(new View.OnClickListener() { 

            public void onClick(View v) { 

                Toast.makeText(RecordFluid.this, "You selected 125 ml", 

Toast.LENGTH_SHORT).show(); 

                writeToLogFile_perday(imc_met, 125, time);}}); 

Fig.  4.14: The code snippet used for the drop-down menu and the clickable images. 
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Appendix 2.2 – Script End-Users Interviews  

Settings 

1. Are the button sizes used suitable? 

2. If no, which buttons should be changed, and should they be bigger or smaller?   

3. Are the font sizes of the text used suitable? 

4. If no, which text should be changed, and should they be bigger or smaller?   

5. Is the colour scheme used suitable? 

6. If no, should there be a different colour schemed and what colour schemes would you prefer?   

7. Overall, how could the feature be improved? 

 

Disguise: 

Scenario 1 – Imagine you just downloaded the application in a public space being surrounded by people 

(e.g., on the bus with a passenger near you). You would like to set up the application but would not like 

others to know this is an OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 

 

Scenario 2 – Imagine you just downloaded the application in a private space being surrounded by people 

(e.g., in a small office surrounded by colleagues or at home with relatives). You would like to set up the 

application but would not like others to know this is an OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 

 

Treatment Description 

1. Is the font size of the text used suitable? 

2. If no, should it be bigger or smaller?   

3. Was the information provided meaningful and easy to understand? 

4. Overall, how could the feature be improved? 

 

Disguise: 

Scenario 1 – Imagine you just downloaded the application in a public space being surrounded by people 

(e.g., on the bus with a passenger near you). You would like to read more about the condition but would 

not like others to know this is an OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 

 

Scenario 2 – Imagine you just downloaded the application in a private space being surrounded by people 

(e.g., in a small office surrounded by colleagues or at home with relatives). You would like to read more 

about the condition but would not like others to know this is an OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 

 

Toilet Pass  

1. Are the font sizes of the text suitable? 

2. If no, which text should be changed, and should they be bigger or smaller?   

3. Is the size of the images suitable?   

4. If no, should they be bigger or smaller?   

5. Do you consider these two images to be meaningful?   

6. Do you consider the text to be meaningful?   

7. Is the information provided meaningful and easy to understand for a person who has just been 

presented with the screen (e.g., imagine you are a person working in a shop being asked to allow toilet 

access to an unknown person)? 

8. Overall, how could the feature be improved? 

 

Disguise: 

Imagine you are in a public space (e.g., a pub) and would like to use the bathroom. However, the location 

does not offer free toilet access. You would like to let a staff member know it is an emergency and you 

need toilet access. In order to do so, you will have to show them this feature.  

1. Would you consider disguising the interaction that you have with the staff member, given the fact that 

you are surrounded by people? If so, how would you react? 

 

Map 

1. Are the icons depicting the preferred locations suitable? 

2. If no, how should they be changed?   

3. Is the size of the icons suitable?   

4. Is the path from your current location to the desired location easy to understand?   
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5. If no, how can it be improved?   

6. Is the timer feature helpful?   

7. Is the distance feature helpful? 

8. Is the geographical North and South feature helpful? 

9. Overall, how could the feature be improved? 

 

Disguise: 

Imagine you are in a public space being surrounded by people (e.g., on the bus with a passenger near 

you). You would like to check the application to see where are the nearby toilets but would not like others 

to know this is an OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 

 

Progress 

Weekly Progress Screen: 

1. Are the icons used in the weekly progress screen suitable (e.g., understand the purpose of the icons – a 

sad icon indicating a not good performance during a certain week)? 

2. If no, how should they be changed?   

3. Are the font sizes of the text suitable? 

4. If no, which text should be changed, and should they be bigger or smaller?   

5. Is the colour scheme suitable? 

6. If no, which colour schemed should be used and what colour schemes would you prefer?   

7. Overall, how could the feature be improved? 

 

Detailed Progress Screen: 

1. Are the icons used in the detailed progress screen suitable? 

2. If no, how should they be changed?   

3. Are the font sizes of the text used suitable? 

4. If no, which text should be changed, and should they be bigger or smaller?   

5. Is the colour scheme used suitable? 

6. If no, which colour schemed should be used and what colour schemes would you prefer?   

7. Overall, how could the feature be improved? 

 

Disguise: 

Scenario 1 – Imagine you are in a public space being surrounded by people (e.g., on the bus with a 

passenger near you). You would like to visualize your progress status but would not like the passenger 

sitting next to you to know what the bar chart represents.   

1. Are there any aspects of this feature that you would like to disguise (e.g., text not containing OAB 

terminology)? 

 

Scenario 2 – Imagine you are in a private space being surrounded by people (e.g., in a small office 

surrounded by colleagues or at home with relatives). You would like to visualize your progress status but 

would not like other people to know what the bar chart represents.   

 1. Are there any aspects of this feature that you would like to disguise (e.g., text not containing OAB 

terminology)? 

 

Distraction 

Tetris: 

1. Is the colour scheme used suitable? 

2. If no, which colour schemed should be used and what colour schemes would you prefer?   

3. In which context would you play this type of game (e.g., at work, at home, on the bus, in an unknown 

location)?   

4. Overall, how could the feature be improved? 

5. Would you like to suggest a different game? 

6. For how long could this game distract you (minutes)? 

 

2024: 

1. In which context would you play this type of game (e.g., at work, at home, on the bus, in an unknown 

location)?   

2. Would you like to suggest a different game? 

3. For how long could this game distract you (minutes)? 

 

Quick PFM Contractions: 

1. Is the text size used suitable?   
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2. If no, should it be bigger or smaller?   

3. Is the colour scheme used suitable? 

4. If no, which colour schemed should be used and what colour schemes would you prefer?   

5. Are the instructions provided easy to understand?   

6. Overall, how can this feature be improved? 

7. Would you like to suggest a different technique? 

8. Would this technique prevent you from going to the toilet? 

 

Disguise: 

Imagine you are on the bus and you get the urge to urinate. You consult the application and will play a 

game or the non-game. You wouldn’t like the passenger sitting next to you to know that you are using 

games as a distraction technique to suppress your urge.  

1. Are there any aspects of the games/non-game that you would like to disguise (e.g., text not containing 

OAB terminology, etc.)? 

1.1 If yes, would you agree with playing a location-aware game within a community with players who are 

people suffering from OAB symptoms? 

1.1.1 Would you agree to share your scores with other users? 

1.2 If no, is it due to embarrassment or due to privacy issues? 

 

Bladder Diary – all 3 screens 
Bladder Diary Main Screen: 

1. Are the buttons used on the screen suitable? 

2. If no, how should they be changed?   

3. Is the font size of the text used suitable? 

4. If no, which text should be changed, and should they be bigger or smaller?   

5. Is the colour scheme used suitable? 

6. If no, which colour schemed should be used and what colour schemes would you prefer?   

7. Overall, how could the feature be improved? 

 

Disguise: 

Scenario 1 – Imagine you are in a public space and would like to fill in your bladder diary (both a fluid 

intake and a voiding/leakage case). You would not like the people near you to know you are filling in a 

bladder diary. 

 1. Are there any aspects of the feature that you would like to disguise (e.g., text not containing OAB 

terminology, etc.)? 

 

Scenario 2 – Imagine you are in a private space being surrounded by people (e.g., in a small office 

surrounded by colleagues or at home with relatives). You would like to fill in your bladder diary (both a 

fluid intake and a voiding/leakage case). You would not like the people near you to know you are filling 

in a bladder diary. 

1. Are there any aspects of this feature that you would like to disguise? 

 

Fluid Intake Reminder 

1. Is the font size of the text used in this screen suitable? 

2. If no, should it be bigger or smaller?   

3. Is the size of the image suitable?   

4. If no, should they be bigger or smaller?   

5. Do you find the reminder easy to understand?   

6. Overall, how could the feature be improved? 

7. When would you like to receive this reminder during the day? 

 

Disguise: 

Scenario 1 – Imagine you are in a public space being surrounded by people (e.g., on the bus with a 

passenger near you or out with friends) with your phone on display. You receive a notification that aims 

in reminding you to do drink more liquids. You would not like others to know this is a reminder from 

your OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 

 

Scenario 2 – Imagine you are in a private space being surrounded by people (e.g., in a small office 

surrounded by colleagues or at home with relatives) with your phone on display. You receive a 

notification that aims in reminding you to drink more liquids. You would not like others to know this is a 

reminder from your OAB application.  

 1. Are there any aspects of this feature that you would like to disguise? 
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Rewards 

Users receive rewards regarding their progress. The rewards are calculated based on the weekly progress 

(e.g., count of the ‘happy’ icons). It can be represented as a podium (Screenshot 1); the users going 

beyond their goal will also receive a trophy. At the end of the treatment, for those who no longer need the 

application but still decide to use it, the progress will be represented as in Screenshot 2. 

 

 

 

 

 

 

  
 

 

 

 

 
Screenshot 1         Screenshot 2 

1. Do you consider this representation as being motivational?   

2. How often would you like to receive an update about your progress?  

3. If no, how often should they be sent?   

4. Overall, how could the feature be improved? 

 

Disguise: 

Scenario 1 – Imagine you are in a public space being surrounded by people (e.g., on the bus with a 

passenger near you) with your phone on display. You would like to check your progress and when doing 

so, a notification pops up with a reward (text and image). You would not like to know that this reward is 

part of an OAB application. 

1. Are there any aspects of this feature that you would like to disguise? 

 

Scenario 2 – Imagine you are in a private space being surrounded by people (e.g., in a small office 

surrounded by colleagues or at home with relatives) with your phone on display. You would like to check 

your progress and when doing so, a notification pops up with a reward (text and image). You would not 

like to know that this reward is part of an OAB application. 

 1. Are there any aspects of this feature that you would like to disguise? 

 

Pelvic Floor Muscle Exercises Reminders 

1. Is the font size of the text used in this screen suitable? 

2. If no, should it be bigger or smaller?   

3. Is the size of the image suitable?   

4. If no, should they be bigger or smaller?   

5. Do you find the reminder easy to understand?   

6. Overall, how could the feature be improved? 

7. When would you like to receive this reminder during the day? 

 

           

8. Which representation do you think is more appropriate for the reminder?   

9. Would you suggest another one (e.g., plain text, number)?   
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Disguise: 

Scenario 1 – Imagine you are in a public space being surrounded by people (e.g., on the bus with a 

passenger near you or out with friends) with your phone on display. You receive a notification that aims 

in reminding you to do your Pelvic Floor Muscle exercises. You would not like others to know this is a 

reminder from your OAB application.  

1. Are there any aspects of this feature that you would like to disguise? 

2. By what modality should the reminder be sent (vibration, sound, silent, or a combination)? 

 

Scenario 2 – Imagine you are in a private space being surrounded by people (e.g., in a small office 

surrounded by colleagues or at home with relatives) with your phone on display. You receive a 

notification that aims in reminding you to do your Pelvic Floor Muscle exercises. You would not like 

others to know this is a reminder from your OAB application.  

1. Are there any aspects of this feature that you would like to disguise? 

2. By what modality should the reminder be sent (vibration, sound, silent, or a combination)? 

 

Protection and Disguise 

Would you like an extra layer of privacy for the app? If so, by what modality should it be? 

 Password        

 Gesture (e.g., one tap, double tap, triple tap, hold and press, slide, press and drag, rotate) 

 Fingerprint authentication        

 Quick lock 

 Other       

 

Application Icon 

 

 

 

     

 

 

 

 

Screenshot 6: Slight Disguise – Non OAB  Screenshot 7: Non Related  Screenshot 8: Slight 

Disguise – OAB (Sphincter) 

 

1. Which representation do you think is more appropriate as the app’s main icon?   

2. Would you suggest another one?   
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Appendix 2.3 - End of Study – End-users questionnaire 

Please state how often would you use the following features: 

Map  Never Rarely Often 
 

Progress  Never Rarely Often 
 

Treatment Description  Never Rarely Often 
 

Toilet Pass  Never Rarely Often 
 

Distractions  Never Rarely Often 
 

 

The main techniques for controlling an urge are brain distractions and contrasting the pelvic floor muscle 

quickly and repeatedly 8 times. Which of the two techniques would you prefer using as a first distraction? 

 Brain Distractions        

 Quick Pelvic Floor Muscle contractions 

 

Which of the following brain distraction techniques would you prefer to use to help you ‘holding on’ 

when you feel the urge to urinate (tick as many as you wish)? 

 Name objects (e.g., words/name that start with letter P/any other letter, animals, states in the USA, 

rivers in the UK) 

 Countdown from 100 

 Multiplications        

 Games 

 No screen interaction (e.g., names that pop up on the screen) 

 

Which of the following would you prefer to use as a distraction technique that helps you ‘hold on’ when 

you feel the urge to urinate (tick as many as you wish)? 

 Name objects (e.g., words/name that start with letter P/any other letter, animals, states in the USA, 

rivers in the UK) 

 Countdown from 100 

 Multiplications        

 Games 

 No screen interaction (e.g., names that pop up on the screen) 

 Viewing images that trigger happy memories 

 

All in all, do you agree with the features presented?  

If no, would you add or delete some of them? 

 

Would you use the application that you evaluated in this study? 

 yes 

 yes, under the condition that ____________________________________________ 

 no 

 Please explain your answer. 

 

Feel free to discuss any additional information that may not have been covered in the post-evaluation 

questionnaire/interview.   
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Appendix 3 – Short Field Evaluation 

This appendix contains code snippets and the paperwork that was distributed to 

participants during the Short Field Evaluation (Chapter 5): 

• Code snippets (1 page). 

• Post Study Questionnaire (2 pages). 

• NASA-TLX scores (3 pages). 
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Appendix 3.1 – Code Snippets and Tables 

if ((sum_quantity/temps_quantity.size()) <= 4500){ 

Intent intent_voidingsNotif = new Intent(this, AlarmReceiverFluidIntake.class); 

Calendar calendar_voidingsNotif = Calendar.getInstance(); 

calendar_voidingsNotif.setTimeInMillis(System.currentTimeMillis()); 

Fig.  5.1: Code snippet indicating how the Fluid Intake reminder is triggered based on fluid 

consumption. 

 
alarmIntent_fluidintake = PendingIntent.getBroadcast(this, 0, intent_voidingsNotif,0); 

                        alarmMgr_fluidintake = 

(AlarmManager)getSystemService(Context.ALARM_SERVICE); 

                        alarmMgr_fluidintake.setRepeating(AlarmManager.RTC_WAKEUP, 

calendar_voidingsNotif.getTimeInMillis(),AlarmManager.INTERVAL_DAY , 

alarmIntent_fluidintake); 

 

Fig.  5.2: Code snipped indicating the use of the AlarmManager class for generating a daily Fluid 

Intake reminder. 

 

Feature/Study 

Phase 

Pre-Study Int. Ongoing Study Post-Study Int. 

Day 0 Day 5 Day 10 

Bladder Diary NASA- TLX SEQ NASA- TLX 

Map NASA-TLX SEQ NASA- TLX 

Distractions NASA- TLX, Emotion 

Wheels 

SEQ NASA- TLX, 

Emotion Wheels 

Reminders NASA- TLX SEQ NASA- TLX 

Treatment Descr. NASA- TLX SEQ NASA- TLX 

Toilet Pass  SEQ  

Progress  SEQ NASA- TLX 
Table 5.1: Questionnaire administered throughout the usability evaluation field study. 
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Appendix 3.2 – Post Study Questionnaire 

1. I am satisfied with the following features 

Map 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Progress 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Game 1 - Tetris 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Game 2 - 2048 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Non Game - 

Contractions 

Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Bladder Diary – Fluid 

Intake 

Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Bladder Diary - 

Voidings 

Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Bladder Diary - 

Leakages 

Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Toilet Pass 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Treatment Description 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Pelvic Floor Muscle 

Exercises Reminder 

Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

Settings 
Strongly 

disagree 
Disagree 

Neither 

agree or 

disagree 

Agree 
Strongly 

agree 
 

 

 

Pelvic Floor Muscle Exercises Reminder 

 

If you decided to cancel the Pelvic Floor Muscles Exercise reminder, please explain why 

______________________________________________________________    

Did the PFM reminder help you with adhering to your exercise regime? 

_____________________________________________________________    

Notifications 

The notifications triggered by this application were annoying  

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 
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What modality (e.g. sound, vibration, visual) format do you prefer for reminders?  

______________________________________________________________    

When was it you wanted to receive them?  

______________________________________________________________    

Did the fluid intake reminder help you in drinking a proper amount of liquid per day? 

______________________________________________________________    

Toilet Pass 

If applicable, could you please describe an instance when you used this feature in public (e.g., if the staff 

member allowed toilet access) 

______________________________________________________________    

Bladder Diary 

Inputting data in the bladder diary was difficult to do 

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 

 

Approximating the urine quantity was difficult to do 

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 

 

Sensors 

Did you notice an unusual battery consumption (e.g did you have to charge the phone more often)? If so, 

did it interfere with you using the app properly? 

______________________________________________________________    

Treatment Description 

The information in the Treatment Description was helpful? 

 

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 

 

Did you find the additional videos useful? 

______________________________________________________________    

Map 

Was the map hard to inspect given the high number of icons displayed? 

______________________________________________________________    

Progress 

Seeing the progress was motivational 

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 

 

Setting up a goal was motivational 

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 

 

(If applicable) The happy icons in the progress were motivational 

Strongly 

disagree 
Disagree 

Neither agree or 

disagree 
Agree Strongly agree 

 

Distraction 

How long would you need to play a game to distract yourself from going to the toilet? 

 1 to 2 minutes        

 3 to 4 minutes 
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 4 to 6 minutes        

 6 to 8 minutes 

 8 to 10 minutes 

 more than 10 minutes 

 other:____________________ 

Does this time length depend on the location? 

______________________________________________________________    

Would you prefer different types of games? If so, which ones? 

______________________________________________________________    

Would you prefer different types of distractions? If so, which ones? 

______________________________________________________________    

Did using the distractions cause you any anxiety?  Yes, Somewhat, No 

_____________________________________________________________    
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Appendix 3.3 – NASA-TLX Scores 

 
Fig. 5.3: The Map NASA-TLX score during Phase 1 (left) and Phase 3 (right) interviews. 

 

 
Fig. 5.4: The Progress NASA-TLX score during Phase 3 interviews. 

 

 
Fig. 5.5: The Bladder Diary - Fluid Intake NASA-TLX score during Phase 1 (left) and Phase 3 

(right) interviews. 

 

 
Fig. 5.6: The Bladder Diary - Leakage NASA-TLX score during Phase 1 (left) and Phase 3 (right) 

interviews. 
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Fig. 5.7: The Bladder Diary - Void NASA-TLX score during Phase 1 (left) and Phase 3 (right) 

interviews. 

 

 
Fig. 5.8: The 2048 game NASA-TLX score during Phase 1 (left) and Phase 3 (right) interviews. 

 

 
Fig. 5.9: The Tetris game NASA-TLX score during Phase 1 (left) and Phase 3 (right) interviews. 

 

 
Fig. 5.10: The Quick Contractions NASA-TLX score during Phase 1 (left) and Phase 3 (right) 

interviews. 

 

 
Fig. 5.11: The Treatment Description NASA-TLX score during Phase 1 (left) and Phase 3 (right) 

interviews. 
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Fig. 5.12: Setting up the Pelvic Floor Muscles exercises reminder NASA-TLX score during Phase 1 

(left) and Phase 3 (right) interviews. 

 

 
Fig. 5.13: Setting up the toilet location within the Settings feature NASA-TLX score during Phase 1 

(left) and Phase 3 (right) interviews. 

 

 
Fig. 5.14: Setting up the daily voids goal within the Settings feature NASA-TLX score during Phase 

1 (left) and Phase 3 (right) interviews. 
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Appendix 4 – Adherence and Awareness Evaluation  

This appendix contains code snippets and the ICIQ-OABqol questionnaire embedded in 

the application (Chapter 6): 

• Code snippets (3 pages). 

• ICIQ-OABqol Questionnaire (1 page). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

251 

Appendix 4.1 – Code Snippets and Figures 

 

private int[] layouts; 

setContentView(R.layout.activity_welcome); 

viewPager = (ViewPager) findViewById(R.id.view_pager); 

dotsLayout = (LinearLayout) findViewById(R.id.layoutDots); 

btnNext = (Button) findViewById(R.id.btn_next); 

layouts = new int[]{ 

                R.layout.slide_screen1, 

                R.layout.slide_screen2, 

                R.layout.slide_screen21, 

                R.layout.slide_screen3}; 

Fig. 6.1: The code snippet illustrating how the welcome slides were developed. 

 

 

Fig. 6.2: The Android Permissions requested during the 6 weeks field study. 
 
private void showTutor(int millis){ 

        ShowcaseConfig config = new ShowcaseConfig();  

        config.setDelay(millis);  

        sequence.setOnItemShownListener(new 

MaterialShowcaseSequence.OnSequenceItemShownListener() { 

            @Override 

            public void onShow(MaterialShowcaseView itemView, int position) { 

            } }); 

        sequence.setConfig(config); 

        sequence.addSequenceItem(bladder_diary, "Bladder Diary", "Track your symptoms by 

filling in a 3 day diary for the first, third and last week of the study.", "Got It");  

        sequence.addSequenceItem( 

                new MaterialShowcaseView.Builder(this) 

                        .setTarget(progress) 

                        .setTitleText("Progress") 

                        .setDismissText("Got It") 

                        .setContentText("You can visualize your weekly progress (in 

terms of number of voids) within this feature. You can also set up a goal (how many 

vodings per day you would like to achieve).") 

                        .withCircleShape() 

                        .build() ); 

 

Fig. 6.3: The code snippet illustrating how the application tour was developed. 
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Fig. 6.4: The adjustments made to the feature description section for the Sensors, Map and 

Progress features. 

 

 
 

Fig. 6.5: The adjustments made to the feature description section for the Bladder Diary, 

Distraction, Bathroom Pass and Treatment features. 
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Fig. 6.6: The adjustments made to the Record Fluid Intake and Leakage screens based on the 

feedback collected during Study 3. 
 

implementation 'com.google.android.gms:play-services-maps:10.2.4' 

implementation 'com.google.android.gms:play-services-location:10.2.4' 

 

Fig. 6.7: The new libraries that needed to be included in the application.  
 
map = (TextView) findViewById(R.id.map); 

        map.setOnClickListener(new View.OnClickListener() { 

            public void onClick(View v) { 

                openApp(MainActivity.this, "com.google.android.apps.maps"); 

               writeToLogFile_map();} }); 

 

Fig. 6.8: The code snippet illustrating the access to Google Maps.  

 
 

Fig. 6.9: The new maps feature, based on the Google Maps application.  
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try { 

            Intent intent_BD1 = new Intent(this, AlarmReceiverBD1.class); 

            if(PendingIntent.getBroadcast(this, 10, 

                    intent_BD1, 

                    PendingIntent.FLAG_NO_CREATE) == null){ 

                PendingIntent alarmIntent_BD1 = PendingIntent.getBroadcast(this, 10, 

intent_BD1, 0); 

                AlarmManager alarmMgr_BD1 = (AlarmManager) 

getSystemService(Context.ALARM_SERVICE); 

                readFromFile_notification_BD1(); 

                if(systemTime <= installDate + 900000) { 

                    alarmMgr_BD1.set(AlarmManager.RTC_WAKEUP, installDate + 900000, 

alarmIntent_BD1);} 

                else if ((systemTime > installDate + 900000) && 

(!readFromFile_notification_BD1())) { 

                    alarmMgr_BD1.set(AlarmManager.RTC_WAKEUP, installDate + 900000, 

alarmIntent_BD1);} 

                else if ((systemTime > installDate + 900000) && 

(readFromFile_notification_BD1())) {}} 

        } catch(Exception e){ 

            Log.e("onReceive", "AlarmReceiverBD1 failing");} 

 

Fig.  6.10: The code snippet illustrating how the notifications were triggered.  
 

 

 
 

Fig. 6.11: The end of study questionnaire. 
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Appendix 4.2 – ICIQ-OABqol questionnaire 

For the following questions, please think about your overall urinary symptoms in the past 4 

weeks and how these symptoms have affected your life. Please answer each question about how 

often you have felt this way to the best of your ability. Please tick the box that best answers 

each question. 

1. Please write in your date of birth: 
2. Are you (tick one): Female Male 

DURING THE PAST FOUR WEEKS, HOW OFTEN HAVE YOUR BLADDER 
SYMPTOMS… 
3. Made you carefully plan your journey? 
none of the time 1 

a little of the time 2 

some of the time 3 

a good bit of the time 4 

most of the time 5 

all of the time 6 

4. Caused you to feel drowsy or sleepy during the day? 
5. Caused you to plan “escape routes” to toilets in public places? 
6. Caused you distress? 
7. Frustrated you? 
8. Made you feel like there is something wrong with you? 
9. Interfered with your ability to get a good night’s rest? 
10. Caused you to decrease your physical activities (exercising, sports, etc.)? 
11. Prevented you from feeling rested upon waking in the morning? 
12. Frustrated your family and friends? 
13. Caused you anxiety or worry? 
14. Caused you to stay home more often than you would prefer? 
15. Caused you to adjust your travel plans so that you are always near a toilet? 
16. Made you avoid activities away from toilets (i.e., walks, running, hiking)? 
17. Made you frustrated or annoyed about the amount of time you spend in the toilet? 
18. Awakened you during sleep? 
19. Made you worry about odour or hygiene? 
20. Made you uncomfortable while travelling with others because of needing to stop for 
a toilet? 
21. Affected your relationships with family and friends? 
22. Caused you to decrease participating in social gatherings, such as parties or visits 
with family or friends? 
23. Caused you embarrassment? 
24. Interfered with getting the amount of sleep you needed? 
25. Caused you to have problems with your partner or spouse? 
26. Caused you to plan activities more carefully? 
27. Caused you to locate the closest toilet as soon as you arrive at a place you have 
never been? 
28. Overall, how much do your urinary symptoms interfere with your everyday life? 
Please ring a number between 0 (not at all) and 10 (a great deal) 
0 1 2 3 4 5 6 7 8 9 10 
not at all a great deal 
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Appendix 5 – Ethical Approval  

This appendix contains the initial and updated ethical approvals sought for conducting 

the studies presented in this thesis: 

• Initial Ethics Approval Protocol (2 pages). 

• Updated Ethics Approval Protocol (2 pages). 
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Appendix 5.1 – Initial Ethics Approval Protocol 

School of Mathematical and Computer Sciences 

Protocol for Ethics Approval 

 

Title of research:  

 

An assistive mobile phone application for the rehabilitation treatment of a sensitive health condition. 

 

Purpose of study: 

 

To design and test a mobile technology that assists people suffering from Overactive Bladder during 

bladder training treatment. 

 

Is ethical approval required by another body linked to the research? 

 

Yes   

No  X 

 

 If YES please attach copies of the approval given to the other body, and confirmation that no 

changes have been made to the protocol since approval was granted 

 

Is permission required from another body to use data or research materials? 

 

 Yes   

 No  X 

 

 If YES please attach copies 

 

Does the research involve the use of human subjects: 

Yes  X 

No   

 

If YES what is the nature of the research e.g. focus group, questionnaire, etc 

If NO please go to Q.13 

 

N.B. The researcher should have considered the use of secondary data sources and should be clear 

that the aims of research cannot be met without new primary research involving people. 

 

The following research procedures will be used: questionnaires, one to one and group interviews, design 

workshops, usability testing and field trials. The first three methods will be used to gather the proper 

information about how people currently deal with their condition, what problems they are facing and how 

a potential solution could be integrated in a mobile phone application. In these phases all stakeholders - 

experts, doctors and nurses - and users – people suffering of overactive bladder - will participate. The 

remaining two stages will consist of an initial development phase, a number of usability testing studies 

and 6-8 weeks field trials. 

Is written consent to be obtained? 

Yes  X 

No  

  

 If YES please attach a copy of the consent and information form or indicate when it will be 

supplied. 

 If NO please justify. 

 

How long will a subject have to decide whether to take part in the study. 

 

       Time in days  3333 2-3 

 If less than 1 day, please comment. 

 (Note that it is common in the case of face to face interviews not to give significant 

advanced notice. This is acceptable in view of maximising the response rates and reliability of some 

survey based research.) 

_____________________________________________________________________________________ 
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Will any of the subjects be from one of the following vulnerable groups?: 

 

 Children under 18 (16 in Scotland)   Yes  No  X 

 People with learning difficulties     Yes  No  X 

 Patients in hospital      Yes  No  X 

 Other vulnerable groups (e.g. mental illness, dementia) Yes  No  X 

 

9. If any ‘yes’ box in question 8 is ticked, what special arrangements have been made to deal 

with issues of consent for the subjects (e.g. consent from parents, professional carer, relevant 

institution, etc). 

_____________________________________________________________________________________ 

 

10.  Are there any potential physical, psychological or disclosure dangers that can be anticipated 

from involvement in the research?   

Yes   

No  X 

 

 If yes, please give details. 

 

11. What steps will be taken to safeguard the confidentiality and anonymity of subjects? 

  

The data collected from the interviews, questionnaires, workshops and field trial will be made anonymous 

and will not be traceable back to an individual person. Basic demographic will be used such as age, 

gender, employment status, level of education, family status and level of technical ability. Contact details 

will be kept safe and will only be accessed by the researcher, Miss Ana-Maria Salai or by the Principal 

Investigator Professor Lynne Baillie. During the reporting of results, no data will be included that could 

potentially identify the participants, such as name and contact details. A unique participant identification 

number will be assigned to each subject that accepts to take part in the study as to not reveal any identity. 

Additionally, a consent form will be provided to each participant. 

 

12. Does the study design involve actively deceiving participants?   

Yes   

No  X 

 

  If yes, briefly describe the nature of the deception and explain why it is necessary 

 

 13. Does the research project comply with the requirements of current Data Protection legislation 

(for example, data storage and security.), including in relation to the use and (non-) disclosure of 

secondary data sets? 

 

Yes. The Data Protection Act 1998 has been reviewed and the research project is in line with the 

requirements specified. 

 

 

14.  Is your risk assessment of the health and safety implications for staff of the research 

      Low or negligible   X 

      Medium   

      High     

 

 If medium or high please ensure that the health and safety officer in the school is informed. 
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Appendix 5.2 – Updated Ethics Approval Protocol 
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Appendix 6 – Design Decisions 

This appendix presents the application design decisions and how these transitioned from 

literature review findings up to the final long-term field study. During these studies, 

participants were presented with paper-based screenshots of prototypes and the 

application already develop on an Android OS smartphone, as follows: 

• Study 1 – Paper-based screenshots of functionalities and features. 

• Study 2 – Application developed on an Android smartphone. 

• Study 3 - Application developed on an Android smartphone. 

• Study 4 - Application developed on an Android smartphone. 
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Feature Sub-

Feature 

Literature 

Review 

Findings 

(Chapter 2) 

Study 1  

Findings 

(Chapter 4) 

Study 2 

Findings 

(Chapter 5) 

Study 3 

Findings 

(Chapter 6) 

Pre-Study 4 

Updates  

(Chapter 7) 

Machine 

Learning  

NA The concept 

was 

introduced to 

increase user 

experience 

(Section 

2.2.1, page 

23).  

Decided to 

implement 

the algorithm 

(Chapter 4, 

Section 4.3, 

page 81) and 

collect 

preliminary 

data during 

field studies 

(Section 5.1, 

page 91). 

NA Preliminary 

data was 

collected  

(Section 6.7, 

page 147). 

Insufficient 

data to 

design an 

algorithm. 

Data was 

collected to 

confirm 

previous 

findings 

(Section 6.6, 

page 147). 

Settings - 

Introduced 

to be 

consistent 

with 

Android 

Guidelines 

(Section 

3.2, page 

49). 

Map -

Toilet 

Location 

NA End-users 

provided a 

list of toilet 

locations, 

e.g., points 

of interest 

(Section 4.3, 

page 82). 

The toilet list 

was updated 

based on 

end-user 

feedback. 

(Section 5.3, 

page 114). 

No Update. The feature 

was deleted 

due to Android 

API changes 

(Section 7.3.1, 

page 161). 

Progress 

and goal 

(void 

and 

leakage) 

NA NA Limited only 

to void goal. 

(Section 6.3, 

page 127). 

No Update. No Update. 

Contact 

and 

Project 

Info 

NA NA NA NA Updated due 

to GDPR 

(Section 

7.3.1,page 

158). 
Questio

nnaires 

NA NA NA NA Introduced to 

collect data 

from 

participants 

(Section 7.3.1, 

page 157). 
Map NA Was 

introduced 

based to 

offer toilet 

access 

(Section 

2.2.1, page 

20). 

Mixed 

feedback 

regarding the 

concept 

(end-users 

and 

consultants 

agreed, 

nurses did 

not). The 

feature was 

implemented 

(Section 4.3, 

page 82). 

 

The map was 

limited to 

display only 

one location 

at a time and 

was updated 

with the new 

locations 

suggested by 

the end-users 

(Section 5.3, 

page 114). 

No updates. Due to Google 

Play Store and 

Android API 

changes, the 

feature was 

limited to the 

Google Maps 

application 

without points 

of interest 

(Section 7.3.1, 

page 161). 
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Feature Sub-

Feature 

Literature 

Review 

Findings 

Study 1 

Findings 

Study 2 

Findings 

Study 3 

Findings 

Pre-Study 4 

Updates  

Progress Visualiz

ation 

(e.g., 

charts) 

 

 

Introduced to 

increase 

adherence to 

treatment 

(Section 

2.2.1, page 

15). 

Participants 

agreed with 

the concept 

and would 

like to 

visualize 

data as chart 

(Section 4.3, 

page 83).  

Weekly 

progress – 

scatter chart 

with traffic 

representatio

n. 

Daily 

progress – 

bar chart (the 

layout 

followed an 

end-user’s 

drawing) 

with icons 

according to 

goal. 

Description 

of the charts 

was 

introduced 

(Section 5.3, 

page 114). 

 

 

 

Weekly 

progress – 

agreed 

(Section 5.3, 

page 114). 

 

 

Daily 

progress – 

only happy 

icons as 

positive 

reinforcemen

t (Section 

5.3, page 

114). 

Automaticall

y calculating 

the progress 

could be a 

detriment to 

application 

interaction 

(Section 6.6, 

page 147). 

The progress 

was calculated 

in the same 

way as no 

other solution 

was found 

(Section 6.7, 

page 148). 

 

The weekly 

progress was 

changed to 

icons (Section 

7.3.1, page 

161). 

 

Information 

button was 

introduced on 

the main 

screen 

(Section 7.3.1, 

page 161). 

Goal Participants 

agreed with 

the concept – 

void and 

leakage goal 

(Section 4.3, 

page 83). 

Limited to 

the void goal 

(Section 6.3, 

page 127). 

 

NA 

Rewards 

and 

positive 

reinforc

ement. 

Participants 

agreed with 

the concept 

(Section 4.3, 

page 83). 

No 

agreement 

time-wise. 

Happy icons 

within 

detailed 

progress 

were chosen 

as positive 

reinforcemen

t (Section 

5.3, page 

114). 

NA 

Distractio

n 

Techniqu

es 

Games Introduced to 

help control 

the urge to 

urinate 

(Section 

2.2.1, page 

19). 

All 

participants 

agreed with 

the games. 

Tetris and 

2048 were 

proposed 

(Section 4.3, 

page 82). 

No update.  

 

No update. NA 
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Feature Sub-

Feature 
Literature 

Review 

Findings 

Study 1 

Findings 
Study 2 

Findings 
Study 3 

Findings 
Pre-Study 4 

Updates  

Distractio

n 

Techniqu

es 

Quick 

PFM 

contract

ions 

NA A non-game 

was 

proposed by 

both 

stakeholder 

categories. 

Contractions 

were 

suggested by 

healthcare 

professional. 

Indications 

on how to do 

them based 

on leaflets.  

(Section 4.3, 

page 83). 

No update.  

 

No update. At the 

suggestion of 

an 

OAB expert, 

changes were 

made to the 

Quick PFM 

contractions 

instructions. 

An 

information 

button was 

also added to 

the main 

screen 

(Section 7.3.1, 

page 159).   

Bladder 

Diary  

 

Fluid 

Intake 

Replica of 

paper BD 

(Fig. 2.1, 

page 11)  

 

 

Mug with 

scale and 

drop-down 

menus 

(Section 4.3, 

page 83). 

Automaticall

y save the 

input time 

(Section 5.1, 

page 98). 

Clock and 

save button 

added 

(Section 6.6, 

page 147). 

 

At the 

suggestion of 

an 

OAB expert, 

an information 

button was 

added (Section 

7.3.1, page 

159).   

Void Mug with 

scale and 

drop-down 

menus 

(Section 4.3, 

page 86). 

The 

quantities on 

the mug were 

updated 

based on 

both 

stakeholder 

categories' 

feedback. 

Urine 

approximatio

ns were used 

(Section 5.3, 

page 114). 

Leakage Drop-down 

menus 

(Section 4.3, 

page 86). 

Participants 

agreed with 

the feature 

(Section 5.3, 

page 114). 

Toilet 

Pass 

NA NA Suggested by 

an end-user. 

The layout 

followed an 

end-user’s 

drawing 

(Section 4.3, 

page 85). 

As suggested 

by both 

stakeholder 

categories, 

changes were 

made to the 

text, OAB 

terminology, 

and logo 

(Section 5.3, 

page 116). 

 

No Update. No Update. 
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Feature Sub-

Feature 

Literature 

Review 

Findings 

Study 1 

Findings 

Study 2 

Findings 

Study 3 

Findings 

Pre-Study 4 

Updates  

Treatmen

t 

Descriptio

n 

NA NA Suggested by 

a healthcare 

professional 

(Section 4.3, 

page 85). 

The 

information 

presented 

was selected 

from leaflets 

received 

from 

healthcare 

professionals 

As suggested 

by a 

healthcare 

professional, 

definitions 

were 

changed, and 

PFM videos 

were added. 

An OAB 

expert 

reviewed 

these 

changes 

(Section 5.3, 

page 116). 

Following 

the feedback 

received 

from an end-

user, videos 

for men were 

added 

(Section 6.6, 

page 147). 

No update. 

Disguise NA Introduced as 

OAB is 

perceived as 

an 

embarrassing 

condition 

(Section 

2.2.1, page 

20). 

Mixed 

feedback on 

whether to 

implement 

the feature, 

the icon of 

the 

application, 

and an extra 

layer of 

protection 

(Section 4.3, 

page 87). 

No longer 

implemented

. End-users 

did not want 

to disguise 

the 

application 

or an extra 

layer of 

protection 

(Section 5.3, 

page 117). 

NA NA 

PFM 

Reminder 

NA Introduced to 

increase 

adherence to 

exercise 

regime 

(Section 

2.2.1, page 

17). 

Participants 

agreed with 

the feature. 

No 

notification 

icon 

agreement 

(Section 4.3, 

page 87). 

The icon was 

decided. The 

feature was 

updated with 

two privacy 

aspects 

regarding 

notifications 

(Section 6.3, 

page 126). 

No update. NA 

Fluid 

Intake 

Reminder 

NA Introduced to 

help people 

consume a 

proper 

amount of 

liquids 

(Section 

2.2.1, page 

17). 

Participants 

agreed with 

the feature 

(Section 4.3, 

page 83). 

The 

information 

provided was 

updated 

based on the 

recommendat

ions received 

from both 

stakeholder 

categories. 

No weight 

scale was 

introduced 

(Section 5.3, 

page 115). 

 NA 
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Feature Sub-

Feature 
Literature 

Review 

Findings 

Study 1 

Findings 
Study 2 

Findings 
Study 3 

Findings 
Pre-Study 4 

Updates  

Onboardi

ng  

NA NA NA NA NA Introduced as a 

common 

procedure of 

presenting the 

users with the 

application 

(Section 7.3.1, 

page 156).   

Notificati

ons 

NA NA NA NA Notifications 

should be 

provided to 

encourage 

users to 

engage with 

the 

application 

(Section 6.7, 

page 147). 

Bladder Diary, 

Questionnaires

, and 

Distractions 

notifications 

were 

introduced 

(Section 7.3.1, 

page 162).   

Permissio

ns- 

Introduced 

to be 

consistent 

with 

Android 

Guidelines 

(Section 

3.2, page 

48). 

NA NA NA NA NA NA 

 

 

 


